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Abstract: Liquid fuels obtained in refining crude oil are one of the most important energies in
economic activity. The domestic wholesale market for liquid fuels is of decisive importance for price
formation in the national economy. The noncompetitive behavior of the market players at this level of
the distribution chain can significantly affect all downstream price levels and the producer—consumer
surplus balance. Therefore, the competitiveness of this market should be screened and assessed
regularly, especially when significant external factors change. This article attempts to evaluate
the impact of structural changes on the global market of crude oil and energy products after the
outbreak of the COVID-19 pandemic on the competitiveness of the wholesale fuel market in Poland.
Using asymmetry of the reaction of product prices to changes in the prices of inputs as a marker of
noncompetitive behavior and the NARDL model as a test specification, the price paths of market
players before and after the occurrence of structural changes in the inputs’ processes were examined.
Significant changes in the competitive behavior of players were revealed after the occurrence of
structural changes at the beginning of the pandemic period in the year 2020. These changes may
indicate enhanced competition and mitigation of potential market power abuse.

Keywords: liquid fuel market; asymmetric pass-through; competition; structural breaks; NARDL model

1. Introduction

Liquid fuels obtained in the process of refining crude oil are one of the most essential
energies in economic activity. Especially critical are fuels used in transportation. Due to the
mass character of the product and a large share in the operating costs of many sectors of
the economy, the prices of liquid fuels have a significant impact on the level of welfare of
both enterprises and households. Moreover, due to the oligopolistic or even monopolistic
structure of many domestic markets on the refining/wholesale level on one hand and
relative ease of observation of price movements on the other, the liquid fuel market is
under constant scrutiny of the public opinion, which is very sensitive to any abuse of
market power or uncompetitive behavior. The domestic wholesale market for liquid fuels
is of decisive importance for price formation in the national economy. The uncompetitive
behavior of the market players at this level of the distribution chain can significantly affect
all downstream price levels and the producer-consumer surplus balance. Therefore, the
competitiveness of this market should be screened and assessed frequently, especially
when significant external factors change.

Empirical detection of competition distortion in any industry is not an easy task.
General discussion of the quantitative methods and approaches to competition and antitrust
analysis could be found in [1,2] and in a broad spectrum of guidelines and documents
produced by domestic competition authorities, advisory organizations, and consulting
companies. One of the most popular empirical approaches to competition analysis is the
use of behavioral screens or markers [3,4]. Screens are generally designed to flag firms’
behavior or market outcomes which may raise suspicions that firms have, in fact, abused
market power or colluded. The screen takes as inputs observable economic data and
information (such as information on various product and market characteristics, data on
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costs, prices, market shares, multiple aspects of firm behavior, etc.) and flags (marks)
markets that may have been affected by competition’s distortion. One of the markers most
often used in liquid fuel markets is a marker of asymmetric reaction of product prices to
changes in main cost factors, called an asymmetric pass-through or APT in short.

The relevant market for the research is a Polish wholesale market for liquid motor
fuels. Two goals are pursued during the study: to check whether structural changes were,
in fact, observed in the analyzed processes in the first year of the pandemic and examine
the possible differences in the symmetry of prices’ response in the period 2015-2020 and
in the subsample of the year 2020. As the first year of the pandemic was characterized by
structural changes in many economic processes, the research hypothesis, which is subject
to verification, states that the APT analysis could provide evidence of changes in price
competition in a wholesale market in that period as the reaction to that turbulence.

2. Literature Review

The studies of pass-through of the prices of the main inputs to the prices of the final or
semi-final products or services constitute a well-established strain in economic literature.
An especially significant result was detecting various kinds of temporal asymmetry in the
transmission of input’s (upstream) prices to prices of the outputs (downstream prices). An
important study of Bacon [5] started a widespread discussion of the “rockets and feathers”
phenomenon in observable price series and established terminology used in this particular
domain. Peltzman [6] analyzed 165 producer goods and 77 consumer goods and concluded
that the “rockets and feathers” pattern could be found in two-thirds of these markets. In
many studies, asymmetries in the adjustment of downstream prices to upstream prices’
change have extensively been investigated using different empirical models in a wide
range of commodity markets ([7-9]).

The phenomenon of the asymmetric transmission of costs (inputs, upstream prices) to
the price of product or service (downstream price) can be considered as:

e magnitude asymmetry, in which the amount of downward price change differs de-
pending on the direction of upstream price change, observed in a long-run horizon
(Figure 1).

e  pattern asymmetry, in which the speed of downward price change differs depending
on the direction of upstream price change, detected in the short-run horizon (Figure 2).

Figure 1. Magnitude asymmetry.

The asymmetric pass-through of different shocks at a macro or a microeconomic level
has received particular attention in the markets of crude-derived fuels. The APT is not
limited to the liquid fuel markets, but it was the study [5] focusing on crude gasoline
asymmetric pass-through that impacted widespread studies on that topic. Moreover, that
study focused on the specific direction of asymmetry, positive asymmetry, showing and
underlining that kind of APT to the public. That kind of APT, called “downward sticky
pricing” or “rocket and feather” behavior of prices, means that downstream prices react
“faster” to upstream prices’ increase than to decrease. One can consider a pass-through of
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crude oil prices to the prices of refined petroleum products and other commodities as the
most extensively examined so far. The studies, especially connected with prices’ paths of
gasoline and motor diesel oil in the retail and wholesale level of a market, seem to be of
special importance. A brief summary of the essential articles shows Table 1.
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Figure 2. Pattern asymmetry.

Table 1. Selected APT studies on liquid fuel markets.

Study Subject Positive APT Frequency of Data

[5] Bacon (1991) U.K. gasoline market, retail yes biweekly
[10] Karrenbrock (1991) U.S. gasoline prices, retail yes monthly
[11] Kirchgassner and Kiibler (1992) Germany gasoline prices, retail mixed results monthly
[12] Shin (1994) U.S. gasoline market, wholesale average products’ prices no monthly
[13] Borenstein et al. (1997) U.S. gasoline market, retail yes weekly
[14] Duffy-Deno (1996) regional gasoline market, wholesale and retail prices mixed results weekly
[15] Reilly and Witt (1998) U K. gasoline market, retail yes monthly
[16] Asplund et al. (2000) Swedish gasoline market, retail yes monthly
[17] Eckert (2002) Canada (Ontario province gasoline market), retail yes weekly
[18] Bejger and Bruzda (2002) Polish wholesale prices, a dominant player yes weekly
[19] Radchenko (2004) U.S. gasoline market, retail yes weekly
[20] Oladunjoye (2008) three U.S. wholesale markets yes weekly
[21] Meyler (2009) 12 initial Euro-member countries weak evidence of APT weekly
[22] Clerides (2010) 27 E.U. countries mixed results weekly
[23] Polemis (2012) Greece yes weekly
[24] Greenwood-Nimmo and Shin (2013)  U.K. gasoline market, retail yes monthly
[25] Lamotte et al. (2013) France diesel and gasoline market, retail yes weekly
[26] Atil et al. (2014) U.S. market spot prices no monthly
[27] Chattopadhyay and Mitra (2015) Indian gasoline market yes monthly
[28] Siok Kun Sek (2017) Malaysia macroeconomic indices—crude oil yes annual
[29] Farkas and Yontcheva (2019) Hungarian wholesale and retail prices yes weekly
[30] Bejger (2019) Polish wholesale market, two major players mixed results daily

Studies conducted so far point to a few primary sources of APT. One of them can
be customer’s imperfect information and search costs in retail markets [31]. The other
is connected with asymmetric short-run costs of changes in inventories or asymmetric
valuation of inventories enhanced by FIFO accounting ([32,33]).

However, the most important hypothesis of the source of positive APT is the significant
market power of the players in a concentrated and imperfectly competitive industry ([13,19,34]
support this claim). When exogenous events raise market prices generally, and the market
price moves from one competitive price to another, the lack of competition in the transition
period or short term affords sellers with market power the opportunity to raise prices
quickly. When markets decline, the lack of competitive pressures permits sellers to delay
the reduction in prices. Consequently, purchasers with market power will delay price
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increases as long as they can. When exogenous events occur that lower prices, they will
choose among competitive sellers to force a price decline as quickly as possible.

Positive APT in the fuel supply chain means that “the prices of downstreams rise
faster than fall.” Such an observation motivated, apart of scientific research, competition au-
thorities’ sector inquiries and decisions on oil refineries and petroleum markets (for official
competition inquires see [35-40]. Positive APT is not explicitly listed as an anticompetitive
practice in the European or USA competition legislation but is commonly treated as one
of the markers of anticompetitive behavior ([2,41]) often used in market’s screening. As
such, positive APT can be seen as a sign of potential anticompetitive horizontal practices,
namely exploitation of market power and tacit collusion. Those practices are frequently
connected with another circumstantial evidence of concerted practice, which is parallel
pricing. One can conclude that if the structure and parameters of a relevant market under
investigation foster potential abuse of competition, APT can be treated as the first proxy of
a competition’s status.

3. Materials and Methods

The detailed analysis of the Polish refining industry, the liquid fuels’ wholesale market,
and the price creation policy contains [42]. It is worth recapitulating briefly the most
important factors supporting the APT examination. The refining industry in Poland is
a pure duopoly with players: Orlen Group (PKN Orlen, or PKN for short) and LOTOS
Group (LOTOS in short). The Polish liquid fuel market at the wholesale level is a nearly
duopolistic market with two major players: PKN, with an approximate market share
of 60%, LOTOS with a share of 30%, and a small fringe of independent suppliers. The
refining industry and wholesale level of a market is highly concentrated with the HHI
index for refining on a level of 0.52 in the year 2020 and for the wholesale fuel market on
a level of about 0.5. (In general, the assessment of the value of an HHI index should be
market-specific and depends on the purpose of its calculation. As a point of reference for its
values in the sense of the degree of concentration, the USA Department of Justice’s merger
guidelines are often used, where the value of the HHI index greater than 0.180 indicates
high market concentration.) There exist capacity constraints for domestic production and
high barriers to entry (due to logistic infrastructure and regulations). The key refined
products are homogenous motor fuels (according to E.U. regulations, there are: unbranded
diesel oil for road transport 10 ppm Sulphur, unbranded unleaded 95 octane gasoline
10 ppm Sulphur). A second important factor that directly influenced APT research is an
implied mechanism of price creation at the wholesale level. Based on the author’s previous
research [42,43], one can assume that the pricing mechanism of the players corresponds
to the well-known import parity pricing (IPP in short) formula. The IPP is based on the
assumption that fuel for road use is a tradable good, and the ex-refinery price depends
indirectly on the price of crude and the costs of refining at domestic refineries but directly
on the price that the purchaser has to pay for this product in a relevant hub plus transport
costs and other relevant spreads for the site chosen for storage. Theoretically, the IPP is
the maximum level that the domestic producers” wholesale price can reach if there are no
obstacles to import. In the context of the APT study, the IPP schema allows inclusion as
a price determinant (cost factor) a properly chosen benchmark price for each wholesale
product. That reference price could be an equally important price determinant as crude
price or exchange rate (especially in the short term, say a week), and hence, a pass-through
of that reference price to the wholesale prices should be examined.

To summarize, it should be stated that the market under examination is a duopolis-
tic one with high concentration and homogenous products. Demand for products is
relatively inelastic. Prices of the downstream products are strategic variables for the play-
ers and are fully transparent. Both industry and market exhibit high barriers to entry
(capital, logistical, and political). There are capacity constraints for domestic production.

All of the factors are considered as fostering collusion in an industry. That statement is
based on noncooperative game theory models of the competition showed in [2], and listed
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factors belong to the so-called “plus factors” set, used in antitrust litigation ([44,45]). This
supports the hypothesis of possible anticompetitive behavior of the players in a market
and potential abuse of market power by them. It allows for direct connection to APT
examinations with the assessment of the competitiveness of the Polish liquid fuel market,
as possible APT is an effect of anticompetitive behavior of the players.

The presented study is performed for the sample covering the period 2015-2020. The
downstream prices under examination for APT were: wholesale price of an unleaded
standard 95 octane gasoline reported by PKN in PLN per m?, the wholesale price of an
unleaded standard 95 octane gasoline reported by LOTOS in PLN per m?, the wholesale
price of standard diesel oil for road transport (brand name of PKN: Ekodiesel) reported
by PKN in PLN per m3, the wholesale price of standard diesel oil for road transport
(brand name of LOTOS: Eurodiesel) reported by LOTOS in PLN per m?>.

As important cost factors or IPP determinants of downstream prices, the following
inputs are used: Brent crude oil spot price, published by EIA, in USD per m?, New York
Harbor Regular Gasoline spot price, published by EIA, in USD per m® (possible IPP
benchmark price), New York Harbor Ultra-Low Sulfur No 2 Diesel spot price, in USD
per m? (possible IPP benchmark price), USD/PLN average exchange rate, reported by
Polish Central Bank.

All of the series are observed daily. They have undergone the necessary transfor-
mations. The series have been synchronized to a five-working-day regular daily series.
The units of measure have been unified to 1 m>. All of the series have been logarithmi-
cally transformed to allow interpretation of the multiplayer as a percent change. Trans-
formed variables are named as: L_Diesel, L_Gas95, O_Diesel, O_Gas95, Brent, NYH_Gas,
NYH_Diesel, USD_PLN, where prefix L stands for Lotos and O stands for Orlen. Domestic
prices are not transformed to USD to allow examination of asymmetry in reaction to de-
preciation/appreciation of domestic currency (PLN). A similar approach was used in [46]
and [47]. The phenomenon under examination is connected with inherently dynamic
processes, though the author only focused on dynamic modeling. As a process-generating
theoretical model, the nonlinear, autoregressive-distributed lag (NARDL) specification is
used. The NARDL model was proposed in [46]. NARDL approach was used in a context
of APT research previously (e.g., [24,26,27,30,47]). A NARDL unrestricted specification
and bound testing of cointegration allow for asymmetries in both the short- and long-run
parameters. The ability to simultaneously estimate both long and short-run asymmetries
in a computationally simple and tractable manner is a very flexible approach and provides
a straightforward means of testing both long- and short-run symmetry restrictions. In a
visual layer, one can assess the asymmetry of dynamic adjustment using asymmetric,
dynamic multipliers graph calculated on the basis of estimation of NARDL parameters.

The structure of NARDL (p, 4) model derives from the ARDL (p, q) model ([48,49]):

p

q
ye=wo+ ) Py + ) O+ @
= =0

The NARDL (p, g) model can be understood as an extension of the model (1). Its
specification is based on an approach to modeling asymmetric cointegration based on
partial sum decompositions, which has been applied in [50]. The starting point is the
following asymmetric long-run regression equation:

Yyt = ‘3+’x;+ + ﬁ_,xt_ +uy, Axp = vy, )

where y; is a scalar I(1) variable; x; is a k X 1 vector of regressors defined such that
x=x+x +x and xf = T Ax] = ¥ max(Ax;,0); and vy = Y, Ax; =
Z§:1 min(Ax;,0) are partial sum processes of positive and negative changes in x; around
known threshold zero.
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In the NARDL (p, q) in-levels, model (2) is embedded into (1), and the final equation is
written as follows:

/ o
v =g+ f:1¢jyt,j+ jzo(efxﬂ,ﬁej X ) +e, )

where y; is a scalar dependent variable; x; is a k x 1 vector of regressors decomposed as
Xy = xo + x;r +x;; qu ‘s are the autoregressive parameters; B;F and 9]7 are the asymmet-
rically distributed lag parameters; and ¢; is an iid process with zero mean and constant
variance 2.

The key role in APT examination plays conditional error correction form (conditional
ECM, sometimes called CECM; see [46,48]):

-1 -1 / 1 - / o
Ay = p&q + Zle YiAye—j + Z]Lo (7T]'+ Axtyj+ s Axmy ) te=py, g+ 0T T+ 07Xt

@)
-1 1, 4 o
+Z;g:1 YiAye—j + 2?20 (71']+ Axty_ i+ T Ax t—j) + et
where & = vy — /3+le + ,B_/x[ is the nonlinear error correction term, with g+ = — % and
B = % being the asymmetric long-run parameters (long run multipliers); 7;" and 7;”

parameters capture short-run asymmetries; and p is an error correction coefficient.

The APT examination based on CECM (4) involves falsifying hypotheses of coin-
tegration existence, detailed tests of symmetry restrictions, and visual exploration of
adjustment’s paths.

For cointegration testing, two tests for the existence of a stable long-run levels rela-
tionship may be used. The tgpy statistic proposed by Banerjee et al. in [51] tests:

Hp: p = 0 (no long-run level relationship)
Hi: p<O

and the Fpgg statistics by Pesaran, Shin and Smith, described in [48], tests:
Hp: p26+:9_:0
Hi: p=6"=6"#0.

The asymptotic distributions of tgpy and Fpsg test statistics are nonstandard under
their respective null hypotheses, and their exact asymptotic distributions are generally
complicated to derive. Therefore, Pesaran et al. in [48] proposed the “bound testing”
approach for cointegration testing in ARDL/NARDL specification.

Tests for asymmetry of pass-through can be divided into long-run and short-run

asymmetry tests. The NARDL model in the form (4) allows for three general forms
of asymmetry:

long-run amount or “reaction asymmetry”, associated with B # ~;
short-run amount or “impact asymmetry”, associated with the inequality of the
coefficients on the contemporaneous first differences Ax;" and Ax; ;

e speed asymmetry or “adjustment asymmetry”, captured by the patterns of adjustment
from initial equilibrium to the new equilibrium following an economic perturbation
(i-e., the dynamic multipliers). Adjustment asymmetry derives from the interaction of
impact and reaction asymmetries in conjunction with the error correction coefficient, p.

The null and alternative hypotheses for long-run asymmetry have a form:
Hp: B' = B~ (restriction of long-run symmetric reaction)
Hi: B # B~
Short-run asymmetry is tested by testing a restriction:
Ho: Z?;(} 71';r = Z?;& 7, (additive symmetry)
against alternatives of inequality.

Another form of restriction to be tested in short-run cases is the so-called “impact
multipliers symmetry restriction”:
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Brent

Hy: ny =my
which can be tested to capture a one-period asymmetry reaction.
All symmetry restrictions (both long and short-run) can be tested by the Wald test.
Speed asymmetry could be inferred from NARDL on the basis of dynamic multipli-
ers calculation.
As [46] showed, it is possible to derive asymmetric dynamic multipliers associated
with unit changes in x;” and x;, respectively, on y;. The cumulative dynamic multipliers can
be calculated as follows from the NARDL-in-levels representation (3) or from CECM (4):

nooOerj ho Yt
m;lr:Zj:l ax;"'mh :ijl ox forh=0,1,2, ... (5)

In addition to the main research tool, which is the NARDL model and set of statistical
tests connected, standard integration tests such as the ADF test ([52]), KPSS test ([53]), and
Zivot-Andrews test [54] being used.

4. Results

The study begins with a visual and statistical analysis of time series. The graphs of
the series and descriptive statistics are reported in Figure 3 and Table 2.

L_Diesel L_Gas95 NYH_Gas

: : N

8.0 - EER

NYH_Diesel O_Diesel 0_Gas95 USD_PLN
Figure 3. Time series under examination.
Table 2. Descriptive statistics.
Statistics Brent L_Diesel L_Gas95 NYH_Gas NYH_Diesel O_Diesel 0O_Gas95 USD_PLN
mean 5.806 8.185 8.192 6.011 6.057 8.185 8.192 1.336
median 5.838 8.182 8.182 6.047 6.084 8.181 8.182 1.335
maximum 6.294 8.375 8.377 6.374 6.465 8.371 8.376 1.451
minimum 4.049 7.946 7.903 4.742 5.069 7.933 7.903 1.199
std. dev. 0.271 0.094 0.083 0.237 0.236 0.094 0.083 0.047
skewness —1.368 —0.050 —0.459 —1.693 —0.781 —0.057 —0.459 —0.233
kurtosis 6.873 2.252 3.574 7.967 3.244 2.259 3.575 3.502
Jarque-Bera 1393.352 35.307 72.549 2238.746 154.786 34.803 72.664 29.049
observations 1487 1487 1487 1487 1487 1487 1487 1487

Visual exploration of the time series leads to three conclusions: First, at the beginning
of 2020, a structural disturbance resulted in a significant drop in prices. This disturbance
hit Brent, NYH_Gas, and NYH_Diesel particularly hard. Secondly, the prices of wholesale
products also collapsed during the period, but a similar collapse took place at the beginning
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of 2016, which is especially visible in the case of diesel oil. Thirdly, the price’s response to
the disruption of 2020 is different for a class of products (gasoline, diesel oil) but similar for
both players by products.

Table 2 shows that empirical distributions are lightly or moderately negatively skewed,
except for Brent and NYH_Gas series, which have substantial long left tails. It confirms
the conclusion from visual examination to some extent. Both of the series are significantly
more leptokurtic than others, as well. The normality of distributions is rejected in all of
the cases.

For the bound testing for cointegration based on (4), the key step is an integration’s
order testing. This approach yields consistent estimates of the long-run coefficients that are
asymptotically normal irrespective of whether the underlying regressors are I(1) or 1(0), but
the bound test could lead to spurious results in the presence of I(2) variables. Therefore,
the unit root tests—Augmented Dickey—Fuller (ADF) and Kwiatkowski-Phillips—-Schmidt-
Shin (KPSS) are carried out to check the stationarity and number of integration order of the
variables. As visual exploration shows a high possibility of structural breaks in a series,
the Zivot-Andrews unit root test with automatically detected breaks is performed, as well.
Results of ADF and KPSS tests show Tables 3 and 4.

Table 3. ADF test results—levels and first differences.

Variable Prob. * Variable Prob. *
Brent 0.094 A(Brent) 0.000
L_Diesel 0.243 A(L_Diesel) 0.000
L_Gas95 0.054 A(L_Gas95) 0.000
NYH_Gas 0.092 A(NYH_Gas) 0.000
NYH_Diesel 0.318 A(NYH_Diesel) 0.000
O_Diesel 0.308 A(O_Diesel) 0.000
0O_Gas9%5 0.077 A(O_Gas9b) 0.000
USD_PLN 0.037 A(USD_PLN) 0.000

Note: * one-sided p-values from [55].

Table 4. KPSS test statistics.

Variable Value of Test Statistics
A(Brent) 0.0396
A(L_Diesel) 0.0627
A(L_Gas95) 0.0558
A(NYH_Gas) 0.0319
A(NYH_Diesel) 0.0633
A(O_Diesel) 0.0621
A(O_Gas95) 0.0583
A(USD_PLN) 0.0648

Note: Asymptotic critical values *: 0.739 (1%) 0.463 (5%) 0.347 (10%), [53], Table 1.

Given the results in Table 3, we will reject the null at all significance levels, since the
p-value is 0 for each of the differenced series under consideration and the null hypothesis
is a unit root. In particular, since the test is conducted under first differences, it shows that
there are no unit roots in first differences, and so each of the series must be either I(0) or I(1).
The results of the KPSS test (Table 4) confirm the stationarity of differenced series. As there
is a high possibility of structural breaks in the series, the next step deals with that problem.
Figure 4 depicts Zivot—-Andrews test statistics with estimated structural break date.

One can observe that the most significant break in almost all of the series (except
USD_PLN series) is detected at the beginning of the 2020 year. The exact dates of estimated
breakpoints and test for integration in the presence of those breaks are contained in Table 5.
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Figure 4. Zivot-Andrews breakpoints (marked by vertical, grey line).

Table 5. Zivot—-Andrews unit root test.

Variable Estimated Break Date Zivot-Andrews Test Statistics  Integration
Brent 1/07/2020 —3.7864 yes
L_Diesel 1/08/2020 —4.0122 yes
L_Gas95 1/22/2020 —3.9042 yes
NYH_Gas 1/07/2020 —3.5573 yes
NYH_Diesel 1/07/2020 —3.7869 yes
O_Diesel 1/07/2020 —4.0752 yes
O_Gas95 1/22/2020 —3.9317 yes
USD_PLN 4/24/2017 —4.6356 yes?

Note: Test critical values: —5.34 (1%), —4.93 (5%), —4.58 (10%).

Values of the Zivot-Andrews test statistics are higher than the critical value for 10%
significance level (except USD_PLN series), which implies integration of variables of
order at least one. The same test repeated for the first differences showed no higher level
integration. The test confirms that the beginning of a pandemic in 2020 caused the most
important structural breaks in a whole sample period for all of the series besides exchange
rate (where the break is located in the 2017 year).

The second and the main objective of the study is to find out how the COVID-19
outbreak affected the price behavior of market players. As structural changes in all of
the series (except USD/PLN exchange rate) that took place at the beginning of 2020 were
confirmed, it was therefore justified to move to the next stage of the study. This stage
consisted of three steps: The first step was an APT examination of the 20152020 sample
period; the second step was APT research in a subsample of the 2020 year, only; and
the final step was a comparison of the results of two previous steps. General research
assumption considers the empirical model of a form:

The wholesale price of a product of player i = f (exchange rate USD/PLN, upstream price)

As there are two players, two downstream products, and two possible upstream inputs
(the price of crude or price of an appropriate benchmark), there are eight pass-through
models to examine. Each model consists of an independent variable and two regressors.
A testable model using NARDL specification, derived from (4) had a form:

(6)
”@Ausft—j + n;Axﬂfj + ﬂ,?ij’t,j) + &4,

where y; = L_Diesel, L_Gas95, O_Diesel, O_Gas95 (downstream prices); us; = USD_PLN
(important cost factor); and x; = Brent, NYH_Gas, NYH_Diesel (upstream prices). Fol-
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lowing (6), B} = f%, By = f%, B = f%, and By = f% are the asymmetric long-

run parameters; 7'[;],, T 7'[2,
7'[;0, 00 7'[;), 7o, the impact parameters; and p is an error correction coefficient.

To check for the existence of asymmetric pass-through, we estimate the unrestricted
NARDL models (6) with a maximum order of lags chosen based on the AIC information
criterion for all of the possible empirical specifications. Cointegration tests and symmetry
tests were performed next, on the basis of estimation. The naming convention of symmetry
restriction is as follows: W_LR_u denotes the test of restrictions imposed on long-run
multipliers associated with a positive and negative change in the exchange rate; W_LR_x
denotes the test of restrictions imposed on long-run multipliers associated with positive
and negative changes in the regressor x; W_SRa_u and W_SRa_x denote short-run additive
symmetry restrictions (exchange rate, regressor x); and W_SRi_u and W_SRi_x denote
short-run impact symmetry restriction (exchange rate, regressor x). The values of test
statistics for symmetry restrictions are Wald'’s test t-statistics. Table 6 reports the most
important results of the estimation and testing phase.

Considering the results presented in Table 6, one can see that, in all cases, the estimated
coefficients of the error correction term, the asymmetric long-run parameters, and the
impact parameters (capturing the most direct short run asymmetric transmission) are
significant at 1% level in all of the estimated models. The values of statistics FPSS and
tBDM of the cointegrations tests allow us to reject the null hypothesis of non-cointegration
in all of the cases. That implies that the USD/PLN exchange rate and the prices of Brent
crude oil, NYH_Gasoline, and NYH_Diesel are important drivers for wholesale fuel prices
in the Polish market in the long run. The models with IPP benchmark prices perform
slightly better in terms of R? and Akaike criteria. The long-run coefficient values are all
below 0.5 for both players, which indicates that wholesale consumers are fairly insulated
from fluctuations in the prices of inputs in the long run. The estimated error correction
term values are consistent with the theoretical structure of a model (all are negative). Speed
of adjustment toward the long-run equilibrium is about 1.4 to 1.8 % in the case of crude oil
and about 2.3 to 2.6 % in the case of benchmarks. This supports the possible IPP schema
of pricing.

APT evaluation in a given sample period consisted of testing symmetry restriction and
visual exploration of the graphs of asymmetric multipliers. Figures 5-8 contain multipliers’
graphs for each of the players and wholesale price as a reaction to change in upstream
price and USD/PLN exchange rate. The name of a regressor x is given in parenthesis in the
graphs of multipliers for an exchange rate.

7,; parameters capture short-run asymmetries, especially

Table 6. NARDL estimation results—whole sample.

Dependent Variable y L_Gas95 0O_Gas95
Regressor x Brent Brent
Model Estimated NARDL (2,3,6,1,1) NARDL (2,3,6,2,1)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
p —0.0184 4.6142 0.0000 —0.0183 —4.6289 0.0000
,Bx+ 0.3447 5.9610 0.0000 0.3388 5.8663 0.0000
Bx 0.3327 7.0445 0.0000 0.3302 7.0074 0.0000
B 0.4424 2.5902 0.0097 0.4650 2.7388 0.0062
By 0.4922 2.7103 0.0068 0.4992 2.7616 0.0058
7'(;) 0.1015 14.7830 0.0000 0.1057 15.5825 0.0000
o 0.0460 8.6850 0.0000 0.0414 7.8978 0.0000
”;0 0.1709 4.8705 0.0000 0.1573 4.5288 0.0000
o 0.1742 44618 0.0000 0.1225 3.1735 0.0015

0
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Table 6. Cont.

Cointegration tests Stat. Value Stat. Value
F_PSS 4.4084 4.3978
t_BDM —4.6063 —4.6288
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_LR_x 0.8047 0.4211 0.5774 0.5637
W_LR_u —0.8020 0.4227 —0.5516 0.5811
W_SRa_x 0.0891 0.9290 0.0168 0.9865
W_SRa_u - - 1.2112 0.2260
W_SRi_x 5.5583 0.0000 6.5196 0.0000
W_SRi_u —0.0532 0.9575 0.5664 0.5712
Diagnostics Stat. Value Stat. Value
Adjusted R-squared 0.4626 0.47465
Akaike criterion —7.8763 —7.9000
Dependent variable y L_Gas95 0O_Gas95
Regressor x NYH_Gas NYH_Gas
Model Estimated NARDL (5,7,7,6,1) NARDL (2,7,7,6,1)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
p —0.0235 —4.7419 0.0000 —0.0255 —5.2034 0.0000
T 0.4076 8.6752 0.0000 0.3973 9.2056 0.0000
Bx 0.4088 10.5452 0.0000 0.4023 11.2861 0.0000
x 0.5157 3.9843 0.0001 0.5199 4.3534 0.0000
By 0.4852 3.4795 0.0005 0.4738 3.6835 0.0002
7'[;0 0.0860 11.9715 0.0000 0.0888 12.3307 0.0000
o 0.0839 14.0467 0.0000 0.0743 12.4278 0.0000
”;0 0.1975 5.8268 0.0000 0.1911 5.6277 0.0000
o 0.1839 49148 0.0000 0.1302 3.4724 0.0005
Cointegration tests Stat. Value Stat. Value
F_PSS 4.6027 5.5271
t_BDM —4.7419 —5.2034
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_LR_x —0.0951 0.9242 —0.4082 0.6832
W_LR_u 0.5614 0.5746 0.9220 0.3567
W_SRa_x 0.5465 0.5847 0.6168 0.5375
W_SRa_u 4.2265 0.0000 5.0797 0.0000
W_SRi_x 0.1976 0.8433 1.3517 0.1767
W_SRi_u 0.2274 0.8201 1.0173 0.3092
Diagnostics Stat. Value Prob. Stat. Value Prob.
Adjusted R-squared 0.5179 0.5135
Akaike criterion —7.9667 —7.9642
Dependent Variable y L_Diesel O_Diesel
Regressor x Brent Brent
Model Estimated NARDL (6,7, 6,5, 4) NARDL (6,7,4,5,1)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
P —0.0145 —3.2293 0.0013 —0.0180 —3.9953 0.0001
BT 0.2685 3.7197 0.0002 0.2962 5.3192 0.0000
Bx 0.3045 5.1427 0.0000 0.3270 7.1528 0.0000
b 0.4298 2.2871 0.0223 0.4646 3.0276 0.0025
B 0.2485 1.1875 0.2352 0.3066 1.8294 0.0676
7Tx+o 0.0842 14.7962 0.0000 0.0914 15.2815 0.0000
o 0.0473 10.8075 0.0000 0.0501 10.8846 0.0000
”;0 0.1896 6.6684 0.0000 0.1579 5.2730 0.0000
- 0.1119 3.5508 0.0004 0.0813 2.4530 0.0143
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Cointegration tests Stat. Value Stat. Value
F_PSS 3.0988 3.9556
t_BDM —3.2293 —3.9953
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_LR_x —2.2093 0.0273 —2.2677 0.0235
W_LR_u 2.5808 0.0100 2.7004 0.0070
W_SRa_x —0.6325 0.5271 —0.0655 0.9477
W_SRa_u 3.5810 0.0004 5.0124 0.0000
W_SRi_x 4.4120 0.0000 4.7040 0.0000
W_SRi_u 1.5481 0.1218 1.4506 0.1471
Diagnostics Stat. Value Prob. Stat. Value Prob.
Adjusted R-squared 0.5393 0.5023
Akaike criterion —8.3062 —8.2045
Dependent Variable L_Diesel O_Diesel
Regressor x NYH_Diesel NYH_Diesel
Model Estimated NARDL (4, 5, 6, 3, 3) NARDL (6, 5, 6, 5, 3)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
p —0.0237 —4.1402 0.0000 —0.0260 —4.2966 0.0000
T 0.3608 9.1020 0.0000 0.3477 9.0231 0.0000
Bx 0.3900 14.1542 0.0000 0.3836 14.3144 0.0000
x 0.5357 5.3596 0.0000 0.5354 5.5299 0.0000
By 0.4072 3.5731 0.0004 0.3840 3.4447 0.0006
7T;LO 0.1035 13.9049 0.0000 0.1042 13.1859 0.0000
o 0.0988 14.3219 0.0000 0.1056 14.4689 0.0000
71';0 0.1571 6.0076 0.0000 0.1330 4.7955 0.0000
o 0.1499 5.1160 0.0000 0.1197 3.8509 0.0001
Cointegration tests Stat. Value Stat. Value
F_PSS 3.6012 3.8066
t_BDM —4.1402 —4.2966
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_LR_x —1.5487 0.1217 —1.9532 0.0510
W_LR_u 1.9250 0.0544 2.3293 0.0200
W_SRa_x —0.1349 0.8926 —0.2044 0.8380
W_SRa_u 0.0375 0.9701 0.8145 0.4154
W_SRi_x 0.3926 0.6946 1.4799 0.1391
W_SRi_u 0.1539 0.8777 0.2683 0.7885
Diagnostics Stat. Value Prob. Stat. Value Prob.
Adjusted R-squared 0.5973 0.5696
Akaike criterion —8.4677 —8.3487

Notes: F_PSS, t_BDM: F-statistics of F_PSS and t-statistics of t BDM bound testing approach; the critical values for Case 3 unrestricted
intercept and no trend; k = 4 and usual significance levels: F-stat. 1(0), I(1); t-stat. 1(0), I(1), 1%: 3.74; 5.06; 1%: —3.43; —4.6; 5%: 2.86; 4.01; 5%:
—2.86; —3.99; 10%: 2.45; 3.52; 10%: —2.57; —3.66. * For symmetry restrictions, hypothesis values of a Wald test t-statistics are reported.
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Figure 5. Dynamic multipliers—whole sample, wholesale Gasoline 95, and Brent crude.
Lotos gaesoline 95 price response to 1% change in price of NYH gascline Lotos gasoline 95 price response to 1% change in USD/PLN exchange rate (NYH gas)
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Figure 6. Dynamic multipliers—whole sample, wholesale Gasoline 95, and NYH_Gasoline.
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Lotos diesel price response to 1% change in price of Brent crude oil Lotos diesel price response to 1% change in USD/PLN exchange rate (Brenf)

PKN diesel price response to 1% change in price of Brent aude cil

— Response to positive changes (+)
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Figure 7. Dynamic multipliers—whole sample, wholesale diesel, and Brent crude.

Lotos diesel price response to 1% change in price of NYH diesel Lotos diesel price response to 1% change in USDYPLN exchange mte (NYH diesel)

PKN diesel price response to 1% change in price of NYH diesel PKN diesel price response to 1% change in USD/PLN exchange rate (NYH diesel)

— Response to positive changes (+)
== Response to neagtive changes ()
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Figure 8. Dynamic multipliers—whole sample, wholesale diesel, and NYH_Diesel.
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Tests of restrictions imposed on long-run multipliers associated with positive and
negative changes in the regressor x and USD/PLN exchange rate shows that the difference
between long-run multipliers of negative and positive changes is statistically significant
in the case of the price of diesel oil (for both of the players). However, positive APT
took place in the case of exchange rate pass-through, only. It means that, in the long run,
Brent or NYH_Gasoline prices’ reduction has a greater impact on wholesale prices than its
increase, and, on the other hand, the reaction of wholesale prices to a depreciation of Polish
national currency is significantly stronger than to appreciation. This result is similar to the
findings in [47], where negative long-run asymmetry was found in the case of crude and a
positive one in the case of the exchange rate. Figures 7 and 8 confirm the strong, positive
asymmetric long-term impact of USD/PLN exchange rate in the case of Lotos and PKN
when Brent price is the second regressor in a model and moderate positive asymmetry
when NYH_Diesel price is in a model.

Given that the study is conducted on daily data, the short-term effects are more
important than the long-term asymmetry. Taking the short-run asymmetric effects into
account, one should analyze the results of W_SRa_u and W_SRa_x (additive symmetry)
and W_SRi_u and W_SRi_x (impact symmetry) restrictions’ tests.

Significant immediate asymmetric effect (impact) is detected in the case of wholesale
Gasoline 95 price and Brent price (both players) and wholesale diesel oil price and Brent
price (both players). As values of estimated, positive impact parameters 7}, are greater
than negative ones, and the asymmetry is positive. Additive short-run asymmetry is
confirmed in the case of Gasoline 95 price and USD/PLN exchange rate (both players, with
NYH_Gasoline price as a second regressor) and in the case of wholesale diesel oil price and
USD/PLN exchange rate (both players, with Brent price as a second regressor). Table 7
exposes the type of additive short-run asymmetry.

Table 7. Aggregates of significant positive and negative short-run multipliers of USD/PLN exchange rate.

Additive Asymmetry Cases

Dep.endent L_Gas9 0O_Gas95 L_Diesel O_Diesel
Variable y
Regressor x NYH_Gas NYH_Gas Brent Brent
qg-1__—
Zj:q um 0.1840 0.1302 0.0864 0.0813
q—1 +
ijo i 0.5716 0.5856 0.4416 0.4440

In the next step, APT examination in a subsample of the 2020 year is undertaken. The
same methodology is utilized in that step to maintain comparability with the study of a
whole sample, although with the limitation regarding the length of the sample. One-year
sample and daily data are not sufficient to obtain reliable information about the long-term
direction of adjustments. Therefore, the study of asymmetry in the short run was the main
objective for the year 2020.

Table 8 shows the most important results of the estimation and testing phase for
the year 2020, and Figures 9-12 contain multipliers’ graphs for each of the players and
wholesale price in a comparative form for the whole sample and for the year 2020.
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Table 8. NARDL estimation results—subsample 2020.
Dependent Variable L_Gas95 0O_Gas95
Regressor x Brent Brent
Model Estimated ARDL (6,2, 5,0, 3) ARDL (6,2,5,0,1)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
P —0.0462 2.5828 0.0104 —0.0486 —2.9338 0.0037
BT 0.2495 3.3400 0.0010 0.2820 4.4925 0.0000
Bx 0.2236 3.3332 0.0010 0.2504 4.4645 0.0000
by 0.1881 0.3911 0.6961 0.0980 0.2375 0.8125
B 0.3943 0.9253 0.3558 0.3418 0.9245 0.3563
71;0 0.0397 3.3883 0.0008 0.0526 4.7411 0.0000
T 0.0373 5.0291 0.0000 0.0246 3.5135 0.0005
+
nuO - - - - - -
0 0.4292 4.3122 0.0000 0.2263 2.4923 0.0134
Cointegration tests Stat. Value Stat. Value
F_PSS 2.9956 2.8553
t_BDM —2.5922 —2.9338
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_SRa_x —0.8379 0.4030 0.09758 0.9223
W_SRa_u 3.1099 0.0021 # - -
W_SRi_x 0.1484 0.8820 1.8299 0.0686
W_SRi_u 4.3121 0.0000 * 2.4923 0.0134
Dependent Variable L_Gas95 0_Gas95
Regressor x NYH_Gas NYH_Gas
Model Estimated ARDL (6,4,7,7,1) ARDL (6,7,7,7,1)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
p —0.0855 —4.6819 0.0000 —0.0701 —3.5041 0.0006
T 0.3100 10.1975 0.0000 0.3428 7.4012 0.0000
Bx 0.2536 9.0014 0.0000 0.2839 7.3037 0.0000
+ —0.3228 —1.3753 0.1705 —0.3067 —1.1416 0.2550
By 0.1429 0.7430 0.4583 0.1663 0.7544 0.4514
77;) 0.0452 3.3190 0.0011 0.0517 3.7601 0.0002
o 0.1022 10.8636 0.0000 0.0880 9.6893 0.0000
”;Lo 0.0112 0.1297 0.8969 0.0360 0.4404 0.6601
o 0.3345 3.5947 0.0004 0.1446 1.6596 0.0985
Cointegration tests Stat. Value Stat. Value
F_PSS 5.3190 3.8499
t_BDM —4.6819 —3.5041
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_SRa_x —2.1276 0.0345 —0.4210 0.6742
W_SRa_u 1.8355 0.0678 2.6802 0.0080
W_SRi_x —2.9530 0.0035 —1.8721 0.0626
W_SRi_u —2.2063 0.0284 —0.7883 0.4314
Dependent Variable L_Diesel O_Diesel
Regressor x Brent Brent
Model Estimated NARDL (4, 3, 6, 3,0) NARDL (2,7,6,0,0)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
p —0.0059 —0.3117 0.7556 —0.0155 —0.8097 0.4190
T —0.2080 —0.1470 0.8833 —0.1949 —0.3417 0.7329
Bx 0.0074 0.0086 0.9932 —0.0605 —0.1368 0.8913
x 7.6790 0.3161 0.7523 3.5930 0.8075 0.4203
By 4.9486 0.3098 0.7570 2.3159 0.7668 0.4440
n;) 0.0298 2.8343 0.0050 0.0263 2.3960 0.0174
o 0.0315 4.6786 0.0000 0.0377 5.3614 0.0000
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”;0 0.1649 2.1591 0.0319 - - -
Tao : : : : : :
Cointegration tests Stat. Value Stat. Value
F_PSS 3.1019 5.3472
t_BDM —0.3117 —0.8097
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_SRa_x —2.7660 0.0062 —3.0494 0.0026
W_SRa_u 2.0877 0.0380 # - -
W_SRi_x —0.1115 09113 —0.7400 0.4601
W_SRi_u 2.1591 0.0319 % - -
Dependent Variable L_Diesel O_Diesel
Regressor x NYH_Diesel NYH_Diesel
Model Estimated NARDL @3, 3, 3,0, 0) NARDL (3,2,4,7,0)
Parameter Value t-Statistic Prob. Value t-Statistic Prob.
p —0.0654 —2.8151 0.0053 —0.0393 —1.5343 0.1264
Bt 0.4366 6.5535 0.0000 0.3249 2.7693 0.0061
Bx 0.3764 8.2960 0.0000 0.3310 4.5467 0.0000
B 0.4809 1.5299 0.1274 1.0687 1.2534 0.2114
B 0.7260 2.2759 0.0238 0.9641 1.5069 0.1333
njo 0.1241 7.0029 0.0000 0.1121 6.2631 0.0000
T 0.0716 5.3219 0.0000 0.0787 5.7187 0.0000
o - - - 0.0035 0.0506 0.9597
Tao : : : : : :
Cointegration tests Stat. Value Stat. Value
F_PSS 3.8007 3.2311
t_BDM —2.8151 —1.5343
Symmetry restrictions * Stat. Value Prob. Stat. Value Prob.
W_SRa_x 0.6069 0.5445 6.5847 0.0017
W_SRa_u - - —0.1498 0.8810 *
W_SRi_x 1.9710 0.0499 0.6839 0.4947
W_SRi_u - - 0.0506 0.9597 *

Notes: F_PSS, t_BDM: F-statistics of F_PSS and t-statistics of t_BDM bound testing approach; the critical values for Case 3 unrestricted
intercept and no trend; k = 4 and usual significance levels: F-stat. 1(0), I(1); t-stat. 1(0), I(1), 1%: 3.74; 5.06; 1%: —3.43; —4.6; 5%: 2.86; 4.01; 5%:
—2.86; —3.99; 10%: 2.45; 3.52; 10%: —2.57; —3.66. * For symmetry restrictions, hypothesis values of a Wald test t-statistics are reported. # For
the null hypothesis that sum/value of short run parameters is equal to 0.
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Lotos gasoline 95 price response to 1% change in price of Brent crude oil

Lotos gasoline 95 price response to 1% change in price of Brent crude oil
2020

1 3 5 7 9 1 15
Lotos gasoline 95 price response to 1% change in USD/PLN exchange rate (Brent) Lotos gasoline 95 price response to 1% change in USD/PLN exchange rate (Brent)
20:
4
024
0.0
-0.24 P,
/ — -~‘“‘~"-----’
e -~
04 ~N~———————
-064 I S T
.08
-4 T T — — T — T — — T d
+ 3 5 7 9 1 13 15 B e o s e e e LA S ps a S S
1 3 5 7 9 1 15
Lotos gasoline 95 price response to 1% change in price of NYH gasoline Lotos gasoline 95 price response tZOO;Zo change in price of NYH gasoline

8+ 8-

— .
R s s ) )
—— Response to neagtive changes (-) P g
==== Asymmetry Plot

= Asymmetry Plot

Figure 9. Dynamic multipliers for Lotos Gasoline 95 (a) whole sample; (b) year 2020.
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PKN gasoline 95 price response to 1% change in price of Brent crude oil
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Figure 10. Dynamic multipliers for PKN Orlen Gasoline 95 (a) whole sample; (b) year 2020.
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Lotos diesel price response to 1% change in price of Brent crude oil

Lotos diesel price response to 1% change in price of NYH diesel

Lotos diesel price response to 1% change in USD/PLN exchange rate (NYH diesel)
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Figure 11. Dynamic multipliers for Lotos Diesel (a) whole sample; (b) year 2020.
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PKN diesel price response to 1% change in price of Brent crude oil

PKN diesel price response to 1% change in price of NYH diesel
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Figure 12. Dynamic multipliers for PKN Orlen Diesel (a) whole sample; (b) year 2020.
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Analysis of Figures 9-12 starts the final step of stage two of the research, which is the
comparison of APT in a whole sample and a subsample of the year 2020. In these figures,
the multipliers for a specific type of product and player for the entire sample (panel a) and
for the year 2020 (panel) are presented next to each other.

The analysis of the potential effects of the pandemic on APT is carried out simultane-
ously on the basis of Table 8 and Figures 9-12 and broken down by individual players to
capture possible differences in price behavior. Only the differences in APT in the impact
(next day effect) and short-run (few days) are assessed. In order to facilitate the evaluation
of the research results, they are presented in tabular form. Table 9 summarizes the results.

Table 9. Comparison of the effects of impact and short-run APT—whole sample and 2020 subsample.

Wholesale Price Input Whole Sample APT The Year 2020 APT
L_Gas95 Brent Positive impact APT No significant APT
L_Gas95 USD/PLN (Brent) No significant APT Negative impact and additive APT
L_Gas95 NYH_Gas No significant APT Negative impact and additive APT
L_Gas95 USD/PLN (NYH_Gas) Positive additive APT Negative impact and additive APT
O_Gas95 Brent Positive impact APT Positive impact APT
O_Gas95 USD/PLN (Brent) No significant APT Negative impact APT
O_Gas95 NYH_Gas No significant APT Negative impact APT
0O_Gas95 USD/PLN (NYH_Gas) Positive additive APT Positive additive APT
L_Diesel Brent Positive impact APT Negative additive APT
L_Diesel USD/PLN (Brent) Positive additive APT Positive impact and additive APT
L_Diesel NYH_Diesel No significant APT Positive impact APT
L_Diesel USD/PLN (NYH_Diesel) No significant APT No significant APT
O_Diesel Brent Positive impact APT Negative additive APT
O_Diesel USD/PLN (Brent) Positive additive APT No significant APT
O_Diesel NYH_Diesel No significant APT Negative additive APT
O_Diesel USD/PLN (NYH_Diesel) No significant APT No significant APT

Note: The name of a second regressor is given in parenthesis for an exchange rate input.

Results contained in Table 9 show clearly that the outbreak of the pandemic did have
an impact on a short-run APT and, hence, on competition in a wholesale fuel market in
Poland. In 5 of the 16 analyzed cases, the positive asymmetry detected for the entire sample
is replaced in 2020 by a negative asymmetry or no asymmetry. Moreover, in five cases, a
negative asymmetry is detected in 2020, where there was no significant asymmetry in the
entire sample. Only in three cases did positive APT remain unchanged, and in one case,
positive impact asymmetry is detected in 2020 when there is no APT in a whole sample.

5. Discussion

The research shows that the first pandemic season of the year 2020 caused structural
breaks, which were the most important in a sample period under consideration for almost
all of the examined time series. Therefore, the question of the impact of the changes
observed that year on the intensity of market competition is completely justified. The paper
tries to answer that question on the basis of a well-established connection between positive
APT and a possibility of anticompetitive behavior on a relevant market. The results of the
research are obtained by an examination of APT in reference sample (whole sample period
of 5 years) and comparison with the research done on the subsample of the year 2020.
Individual price data of the two major players (with a cumulative market share of 90%) in
a Polish market on a wholesale level of distribution are utilized.

Although this study has different goals than those previously encountered in the field
of APT research, it is necessary to briefly discuss the results in the context of other studies
of the relevant or similar market. In [18], the authors attempted to determine whether
an APT can be identified in the Polish wholesale gasoline and diesel motor oil price data
from the dominant player PKN Orlen. Using weekly data, they found that the wholesale
price response to crude oil price increase was faster than the response to crude oil price
decrease in every case. Wholesale price’s response to the increase in the price of regular
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gasoline was found more intensive than to the decrease with a distinct maximum in the
second week. The period of full adjustment was asymmetric in total length—in the case
of upward movement of regular gasoline price, it lasted approximately three weeks. In
the case of downward change, it lasted about five weeks. The study [30], encompassing
the period 2006-2016, revealed significant short-run asymmetries in the transmission of all
downstream price determinants and showed that the USD/PLN exchange rate was the
main driver underlying a positive asymmetry in the wholesale prices’ paths. In that work,
dynamic price adjustment paths for the major players were also compared and common
patterns detected (this kind of analysis was not a subject of the current paper). That suggests
a strong possibility of parallel pricing, which supports the claim about competitions
distortions on the market. The current examination of a whole sample (2015-2020) showed
that positive long-term APT in a reference sample took place in a case of exchange rate pass-
through. It means that, in the long horizon, reaction of wholesale prices to a depreciation
of Polish national currency is significantly stronger than to appreciation. Figures 7 and 8
confirm a strong, positively asymmetric, long-term impact of USD/PLN exchange rate
in the case of Lotos and PKN when Brent price is the second regressor in a model and
moderate positive asymmetry in when NYH_Diesel price enters a model. It confirms the
results of [30] and is in line with [46], where authors showed that Korean gasoline prices are
more sensitive to exchange rate depreciations than to appreciations. The author’s finding
seems to confirm very clearly, using individual major players’ price series, that positive
asymmetry in a national currency exchange rate versus USD pass-through is a common
pricing practice. This finding is coherent with the conclusion in [47] that fluctuation of
an exchange rate is “less clearly perceived” and therefore may encourage players to use
“rocket and feathers” pricing. It is further consistent with empirical results from [26]. The
results of the study also confirm the existence of IPP price creation schema, as models with
benchmarks (NYH_Gas and NYH_Diesel quotations) are slightly better fitted in terms of
the Akaike criterion.

For the realization of the study’s main objective, most important was the study of
the reaction asymmetry in a short horizon. There are at least three reasons why short-run
asymmetry is more important: At first, the comparative analysis with the subsample of
2020 was justified only for short-run asymmetry measures. Second, the wholesale price
levels are announced publicly daily, which encourages exploring short-term price behavior.
At third, using high-frequency data and concentrating on short-run pricing policy, one
can eliminate justification of positive APT proposed in [13], saying that inventory policy
may result in differences in pass-through. The author noticed that refineries might find it
difficult to increase production in response to cost decreases, whereas the possibility to cut
output through the accumulation of inventories can be implemented immediately. This
mechanism, however, includes rather mid- or long-term reactions to change in demand-
cost condition, not day-by-day pricing reactions according to some IPP schema.

In the present research, a significant positive impact asymmetric effect is detected
analyzing a whole sample in a case of transmission of Brent price to Gasoline 95 price
and transmission of Brent price to the wholesale diesel oil price. Additive short-run
asymmetry is confirmed in the case of Gasoline 95 price and USD/PLN exchange rate
(with NYH_Gasoline price as a second regressor) and in the case of wholesale diesel oil
price and USD/PLN exchange rate (with Brent price as a second regressor). These results
are in line with the results in [30].

The most important result of the study is the comparison of the 2020 subsample to the
entire sample in terms of the presence of short-run APT. After positively verifying the hy-
pothesis that significant structural changes in the analyzed processes (all except USD_PLN)
were observed in 2020, it became reasonable to ask whether such turbulences, caused
undoubtedly by the COVID-19 pandemic, contributed to the weakening or strengthening
of competition on the market under examination. Assuming that positive asymmetry of
price reduces end-user’s welfare and could be connected with abuse of market power of
the players, the study revealed (Table 9) that rapid changes in the economic environment
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observed at the beginning of the COVID-19 pandemic did mitigate this potential abuse
of market power. The conclusion from this study could be stated as an implication: a sig-
nificant positive APT had been observed in a history of a market; then, in the economic
environment, major perturbations occurred, as a consequence of which the positive asym-
metry of the reaction was largely eliminated. The word “consequence” should be treated
with caution in this context, meaning correlative rather than causative effect. However,
it must be stressed that the author’s results showed the positive asymmetry is not the
necessary element of price creation mechanism on the wholesale market, and, in some
conditions (demand shocks, increased uncertainty in running a core business, global mar-
ket instability), this positive APT could almost vanish. It implies that the market became
more competitive. This conclusion is somehow similar to results presented in [29], where
gasoline pricing in Hungary was investigated. At the wholesale level of the Hungarian
market, there exists the dominant player MOL. The pricing practices of that player were
investigated by Hungarian Competition Authority. During its investigation, the Hungarian
Competition Authority scrutinized the market behavior of MOL under E.U. and Hungarian
legal provisions on the prohibition of abuse of dominant position. Authors of [29] detected
positive short-run APT in wholesale pricing of MOL in a period before the Authority’s
investigation. In a period directly after the conclusion of the investigation, the company’s
pricing on the wholesale market becomes more symmetric. Similar to this paper’s results,
it means that “rocket and feathers” pricing patterns are not an intrinsic property of the
liquid fuel pricing mechanism and may be eliminated by external factors.

6. Conclusions

The empirical investigation of asymmetric pass-through in the Polish wholesale fuel
market reveals a significant change in the short-run pass trough of inputs to wholesale
prices in the first year of the COVID-19 pandemic. These changes may signal that players
could not use market power, and the market became more competitive. Moreover, it means
that downward sticky pricing patterns are not necessarily determined by the technological
or business properties of the market but are maybe dependent on the deliberate pricing
policy of the players. In the author’s opinion, the results confirm a positive relationship
between market power and pass-through asymmetry. From the policy perspective, there
are two implications that are important. At first, as direct evidence of market power
abuse is hard to obtain, such indirect markers as APT should be used to monitor the firms’
behavior. Second, monitoring should be done frequently, especially whenever there are
significant changes in the structure of a market or macroeconomic environment. This is
especially true for the Polish refining industry at the moment, as there is the merger of PKN
and LOTOS planned. The postmerger pricing behavior of the dominant player should be a
subject of the subsequent study. This study should account for the retail level of the market
as Orlen and Lotos are owners of about 30% of filling stations in Poland. The following
open questions to consider are, “how persistent the players’ change in behavior will be”
and “what can be a theoretical mechanism generating such a change”. The answers to
these questions should be the subject of further studies, as well.
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