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Summary

The market of crude oil and derivative products that derive from it, constitute a

high percentage of energy used by people and businesses in economic activity. So

we expect a positive correlation between the price of Brent crude oil and the retail

gasoline price.

In this dissertation we examine the causal relationship between the retail price

of gasoline and the price of Brent crude oil and investigate possible price asym-

metries in terms of convergence in the long-term balance that connects the two

variables. We also examined the causal relationship between the retail price and

gasoline price for the Greek oil market for the period from January 2005 to March

2020 with frequency, weekly observations.

For econometric specification we used the symmetric and asymmetric error

correction model. In addition, we present the results of the fully modified ordi-

nary least squares estimator (FMOLS) and the dynamic ordinary least squares

estimator (DOLS) in order to compare the stability and the robustness of the

results.

The contribution of the article is based on the detailed description of the error

correction models of both symmetric and asymmetric. Also the contribution lies

in the empirical analysis and the finding of asymmetry in the price of gasoline in

the Greek oil market and the stability of the results from the two methods used

in the valuation process.

From empirical analysis, we show that time series are cointegrated and that

there is a long-term relationship between variables. The main conclusions of the

symmetric model showed that the retail price performance of gasoline depends on

the performance of gasoline with five lags and the performance of crude oil with

five lags. Also from the asymmetric error correction model we observed that the

rate of convergence is greater when we are below the long-term equilibrium than

when we are above the long-term equilibrium. The results shall be verified both

FMOLS and DOLS which take into account the asymptotic bias.

Keywords: Asymmetry, Gasoline, Crude Oil, Greek oil market structure

JEL Classification: C22, D40, Q40, Q48
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Περίληψη

Η αγορά του αργού πετρελαίου και τα παράγωγα προϊόντα που απορρέουν από αυτό

αποτελούν υψηλό ποσοστό της ενέργειας που χρησιμοποιείται από τους ανθρώπους

και τις επιχειρήσεις στη καθημερινή οικονομική δραστηριότητα. Επομένως αναμέ-

νουμε να υπάρχει θετική συσχέτιση ανάμεσα στην τιμή του αργού πετρελαίου και

της βενζίνης στην σχετική αγορά της διύλισης.

Στην διπλωματική εξετάζουμε την σχέση αιτιότητας ανάμεσα στην τιμή λιανικής

πώλησης της βενζίνης και της τιμής του αργού πετρελαίου (Brent) και διερευνούμε

πιθανές ασυμμετρίες στις τιμές ως προς την σύγκλιση στην μακροχρόνια ισορροπία

που συνδέει τις δύο μεταβλητές. Επίσης εξετάσαμε την σχέση αιτιότητας ανάμεσα

στην τιμή της λιανικής τιμής και της βενζίνης για την ελληνική αγορά πετρελαίου για

το χρονικό διάστημα από τον Ιανουάριο του 2005 μέχρι τον Μάρτιο του 2020, για

την συχνότητα επιλέχθηκαν εβδομαδιαίες παρατηρήσεις.

Για την οικονομετρική εξειδίκευση χρησιμοποιήσαμε το συμμετρικό και το ασύμ-

μετρο υπόδειγμα διόρθωσης λαθών. Επίσης ως προς την εκτιμητική διαδικασία

παρουσιάζουμε τα αποτελέσματα με την μέθοδο εκτίμησης ελαχίστων τετραγώνων

πλήρους τροποποίησης και του εκτιμητή δυναμικών ελαχίστων τετραγώνων ώστε να

συγκρίνουμε την ευστάθεια και την αξιοπιστία των αποτελεσμάτων, αποκομίζοντας

τα καλύτερα αποτελέσματα ανάλογα την εκτιμητική διαδικασία.

Η συνεισφορά της διπλωματικής βασίζεται στην αναλυτική περιγραφή των υπ-

οδειγμάτων διόρθωσης λαθών τόσο του συμμετρικού όσο και του ασύμμετρου. Επίσης

η συνεισφορά έγκειται στην εμπειρική ανάλυση και την διαπίστωση ασυμμετρίας στην

τιμή της βενζίνης στην ελληνική αγορά πετρέλαιού και στη ευστάθεια των αποτε-

λεσμάτων από τις δύο μεθόδους που χρησιμοποιήθηκαν στην εκτιμητική διαδικασία.

Από την εμπειρική ανάλυση αρχικά διαπιστώσαμε ότι οι χρονοσειρές είναι συν-

ολοκληρωμένες και ότι υπάρχει μακροχρόνια σχέση ανάμεσα στις μεταβλητές. Τα

βασικά συμπεράσματα του συμμετρικού υποδείγματος έδειξαν ότι η απόδοση της

λιανικής τιμής της βενζίνης εξαρτάται από την απόδοση της βενζίνης με πέντε χρονικές

υστερήσεις και από την απόδοση του αργού πετρελαίου με πέντε χρονικές υστερή-

σεις. Επίσης από το ασύμμετρο υπόδειγμα διόρθωσης λαθών παρατηρήθηκε ότι η

ταχύτητα σύγκλισης είναι μεγαλύτερη όταν βρισκόμαστε κάτω από την μακροχρόνια
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ισορροπία από όταν βρισκόμαστε πάνω από την μακροχρόνια ισορροπία. Τα αποτελέσ-

ματα επαληθεύονται με την εκτιμητική διαδικασία ελαχίστων τετραγώνων με πλήρη

τροποποίηση και των δυναμικών ελαχίστων τετραγώνων τα οποία λαμβάνουν υπόψη

την μεροληψία.

Λέξεις κλειδιά: Ασυμμετρία, Βενζίνη, Αργό Πετρέλαιο, Δομή Ελληνικής αγοράς

πετρελαίου

iii



Contents

1 Introduction 1

2 The Structure of Greek oil market and

the legislative framework 3

3 Literature Review 6

4 Methodology & Econometric Specification 10

4.1 Cointegration Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

4.1.1 Engle and Granger Test . . . . . . . . . . . . . . . . . . . . 10

4.1.2 Johansen Test . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.2 Vector ECM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4.3 Error Correction Model . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.3.1 Asymmetric Error Correction Model . . . . . . . . . . . . . 13

4.4 Fully Modified OLS & Dynamic OLS Estimation . . . . . . . . . . 13

4.4.1 Dynamic OLS Estimation (DOLS) . . . . . . . . . . . . . . 14

4.4.2 Fully-Modified OLS Estimation (FMOLS) . . . . . . . . . . 14

5 Data 15

6 Empirical Results 18

6.1 Cointegration tests . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

6.2 Long-run equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . 19

6.3 ECM with FMOLS Estimation . . . . . . . . . . . . . . . . . . . . 20

6.4 ECM with Dynamic OLS Estimation . . . . . . . . . . . . . . . . . 23

7 Concluding remarks 25

iv



List of Figures

1 Oil structure market of Greece . . . . . . . . . . . . . . . . . . . . . 5

2 Brent oil price & retail gasoline price (Euro per litre) . . . . . . . . 16

3 Return of gasoline without taxes . . . . . . . . . . . . . . . . . . . . 17

4 Return of Brent oil . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

v



List of Tables

1 Descriptive Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2 Johansen Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3 Engle and Granger’s Cointegration test . . . . . . . . . . . . . . . . 19

4 Long-run relationship . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5 ECM with FMOLS Estimation . . . . . . . . . . . . . . . . . . . . 22

6 ECM with Dynamic OLS Estimation . . . . . . . . . . . . . . . . . 24

vi



1 Introduction

The asymmetry transmission between crude oil and the price of retail gasoline is of

great interest and concerns many fields of economic theory such as industrial orga-

nization and competition policy, finance, macroeconomic policy and econometrics.

Asymmetry is defined as the non-equal change in the price of retail gasoline to a

change in the price of crude oil. In other words, looking at the existence of asym-

metry, we want to check at whether retail gasoline prices are adapting as quickly

to declines in the international oil price as they are to its increases Bragoudakis

& Sideris (2017). If the price adjustment is not symmetrical then the existence of

asymmetry is confirmed. This asymmetric price transmission is commonly known

as "Rockets & Feathers" phenomenon Bacon (1991).

In perfect competition, the change in marginal cost is transferred to the price

(P = MC). However, because the oil market is oligopolistic, this condition does

not apply and so it is useful to study whether the intensity of adjustment in price is

the same for crude oil and the retail gasoline price Zbaracki et al. (2004) Rothschild

(1947). Especially the inefficiencies in oligopolies such as the interdependence, the

asymmetry, the power of market, the barriers to entry and the pricing strategies

Adams & Williams (2019), Zhao et al. (2017), prevent the condition of perfect

competition (P = MC).

In the literature there are many studies for a large number of countries as we

discuss in detail in in the next chapter. For the Greek economy the studies of

Bragoudakis & Sideris (2017); Bragoudakis et al. (2019);Polemis (2012);Polemis

& Fotis (2013) do confirm the presence of asymmetries in oil market. This disser-

tation differs from previous research and contributes to the following :

The size of the sample: I use weekly data for the period from January,

2005 through March, 2020. This time interval includes the Global Financial Crisis

(GFC), the European sovereign debt crisis (ESDC) and the corona virus crisis,

and we see if there are asymmetries during recessions, economic and political
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instability and high fluctuations in commodities and in the price of gasoline.

The econometric specification and the techniques of estimation : We

present the results from error correction models where the error correction term

is estimated from cointegrating regression estimated using from fully modified

ordinary least squares (FMOLS) and fully dynamic ordinary least squares (DOLS).

The results from FMOLS and DOLS estimation allow us to compare the empirical

results between the two methods. Also the fact that the results of both methods

are similar allows us to more strongly reinforce the asymmetry. DOLS seeks to

address asymptotic bias contained in the OLS estimate by including leads and

lags of the difference d series. According to Kao et al. (1999) DOLS outperforms

FMOLS approach. Not only DOLS is computationally simpler but also it reduces

bias better than FMOLS. The t-statistic from DOLS approximates the standard

normal density much better than the statistic from OLS or FMOLS.

The remainder of this dissertation is organized as follows. Section 2 presents

the structure of Greek oil market and the legislative framework. Section 3 presents

the literature review. Section 4 describes the econometric specification of ECM,

AECM, VECM models and FMOLS and DOLS estimators. In section 5 we de-

scribe and analyze the data. In section 6 we show the empirical results. Section 7

concludes.
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2 The Structure of Greek oil market and

the legislative framework

The Greek oil market according to the current legislation, mainly N. 3054/2002,

divided into three levels. The first segment is the refining, the second is the

wholesale and the third is the retail. For each level, a special permit is provided

by the legislation. The refining license, granted by decision of the Ministry of

Development and Investment, allows the refining and distribution of petroleum

products to trading companies, to supplier cooperatives or consortia of gas sta-

tion’s owners, to consumers and to Army. The marketing license, which is also

granted by decision of the Minister of development and Investment, allows the

owner-company to dispose of petroleum products in gas stations and consumers.

As regards trading, five types of individual licences are provided for. The license

to trade all liquid fuels sold on the domestic market, the license to trade duty-free

marine or aviation fuel respectively, the license to trade gas and the license to

trade asphalt. Finally, the retail distribution license granted by the competent

Prefectural Administration and allows the disposal of petroleum products to final

consumers.

The law (N. 3054/2002), which replaced the earlier N. 1571/1985, brought

about significant changes in the structure and mode of operation of the petroleum

products market. In particular, it changed the legal contributed to the harmo-

nization of Greek legislation with European law.

The structure of the Greek oil market and the competitive conditions is one of

the most sections in our analysis. The Greek downstream oil industry is segmented

in three markets that is refining, wholesale and retail market.

In the refining segment are active two companies. The Hellenic Petroleum

S.A. and Motor Oil Hellas S.. Continuing, at the segment of wholesale in Greece

there are more than 20 companies of petroleum products, which are classified in

the following categories. Initially, companies with a vertical degree of cointegra-

3



tion, such as EKO SA and BP which is 100% a subsidiary of ELPE group and

AVINOIL, SHELL and CYCLON, which belongs to the group of MOH. There

are also companies which are not vertically cointegrated. For example (JET OIL,

AEGEAN, DRACOIL, ELINOIL, ETEKA, KAOIL, REVOIL, SILK OIL). For

the best performance of the market structure and related competitive conditions,

a useful tool is the concentration indicators based on market share 1.

The retail is the third segment and it includes sales of gasoline, diesel, and heat-

ing oil to the final consumer, carried out primarily by retail service stations. This

division into relevant product markets takes place in a similar way in the wholesale

segment. The retail distribution station are divided into three categories. Thus

we distinguish the called COCOs (company owned-company operated), which are

self-managed stations, which are stations owned by the marketing company and

managed by itself (thus having the ability to control the resale price). The called

CODOs (company owned-dealer operated), which are stations owned by the mar-

keting company but managed by the gas station as an independent entrepreneur,

who determines the resale price. Finally, the called DODOs (dealer owned dealer

operated / managed), which are owned by the gas station and managed by himself

as an independent entrepreneur, freely setting the resale price, while he can as the

owner of the service station to change relatively easily supplier.

The Greek oil market according to the current legislation, mainly N. 3054/2002,

divided into three levels. The first segment is the refining, the second is the whole-

sale and the third is the retail. For each level, a special permit is provided by the

legislation. The refining license, granted by decision of the Ministry of Develop-

ment and Investment, allows the refining and distribution of petroleum products

to trading companies, to supplier cooperatives or consortia of gas station’s owners,

to consumers and to Army. The marketing license, which is also granted by deci-

sion of the Minister of development and Investment, allows the owner-company to

dispose of petroleum products in gas stations and consumers. As regards trading,
1Herfindahl-Hirschman Index (HHI) and CR-4
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five types of individual licences are provided for. The license to trade all liquid

fuels sold on the domestic market, the license to trade duty-free marine or aviation

fuel respectively, the license to trade gas and the license to trade asphalt. Finally,

the retail distribution license granted by the competent Prefectural Administration

and allows the disposal of petroleum products to final consumers.

The law (N. 3054/2002), which replaced the earlier N. 1571/1985, brought

about significant changes in the structure and mode of operation of the petroleum

products market. In particular, it changed the legal contributed to the harmo-

nization of Greek legislation with European law

Figure 1: Oil structure market of Greece

Note: source Fafaliou & Polemis (2012)

5



3 Literature Review

In recent years, many studies have been conducted on the asymmetric response of

the retail price of gasoline to changes in the price of crude oil. It has been observed

that the price of retail gasoline responds more quickly to an increase in the price

of crude oil than to a decrease. In the international literature many researchers

studied the asymmetries in the retail price of gasoline due to changes in the price

of crude oil by various econometric specifications. Peltzman (2000) investigated

this issue and identified asymmetries as much in producer goods markets as in

consumer goods markets. He showed that output prices tend to respond faster to

input increases than to decreases. Another important survey on asymmetries is

of Borenstein et al. (1997) who showed that retail gasoline prices react faster to

increases in crude oil prices than to declines. More specifically, this investigation

found that the most significant asymmetry occurs in the response of retail prices to

changes in wholesale prices. Based on article of Borenstein et al. (1997), Bachmeier

& Griffin (2003) opposes and showed symmetrical adjustment of the price of crude

oil, estimating an error-correction model (ECM) with daily spot gasoline and

crude-oil price data. The main differences between these two surveys are found on

the one hand in the methodology and on the other in the frequency of the data

used. The use of daily as opposed to weekly data shows little evidence of price

asymmetry.

Many analyzes have also been made of the United States of America with

different econometrics techniques to determine asymmetries in oil market prices.

Chen et al. (2005) using a TAR model studied the contagion between the crude

oil and retail gasoline price in US oil market. They found that asymmetric trans-

mission is found both in the crude oil spot markets and in refinery gasoline and

through their future markets. Further data also show that the observed asym-

metry in price transmission occurs mainly in the downstream market. Polemis &

Tsionas (2017) investigated the gasoline price adjustment to changes in the input
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cost price for a panel of 48 US. They used a nonlinear threshold panel VECM and

the Bayesian MCMC model. The key findings show that high margin situations

have a slower adjustment and a more asymmetric response to input price values.

Finally, they attributed the fluctuations in gasoline prices to cost shock inputs,

arguing that the maximum responses that occur one month after the shock are

short-lived. Contrary to previous research, Douglas (2010) using a TAR-ECM,

he found little evidence of asymmetry for the vast majority of observations and

that the asymmetry is being driven by a small number of outlying observations.

Bumpass et al. (2015) examined the long-run relationship between the spot oil

price and retail and wholesale gasoline prices. He determined that there is a sym-

metrical price response to both the retail price price of gasoline and wholesale in

the long-run period.

From the literature we find the same results for European countries. Opinions

about the asymmetries in the prices of gasoline and crude oil are ambiguous as

there are studies that support strong asymmetries but also research that supports

weak or no asymmetries.

The case of the UK retail petrol prices studied by Bacon (1991) which de-

fined this asymmetric behavior as a phenomenon rockets and feathers. He found

that prices are rising faster than they are falling in cost changes. Grasso & Man-

era (2007) using the ECM and the TAR-ECM for the asymmetries, they studied

the gasoline markets of France, Germany, Italy, Spain and UK over the period

1985–2003. They found that the asymmetric ECM prescribes that long-run price

asymmetries are most likely to be found in the second stage of the transmission

chain for Spain, UK and Germany, while asymmetries mostly affect the whole re-

tail gasoline price-crude price relation for Italy and France. Clerides et al. (2010);

Apergis & Vouzavalis (2018) examined many European countries and they found

different results depending on the country. Also Polemis & Fotis (2013) confirmed

the studies for asymmetric responses.
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Many researchers, studied the case of Greece in the literature so far. Among

them are Angelopoulou & Gibson (2010) examined the relationship between retail

prices of petrol, international oil prices and tax rates in Greece. This research

focuses not only on the asymmetric response of prices and the pass-through rates

of tax increases, but also use the cross-sectional dimension of the data to explore

whether the existence or otherwise of market power affects retail prices. o conduct

the survey were used a panel of weekly retail petrol and diesel fuel prices, at the

level of the 52 Greek prefectures (NUTS 3 2), covering the period from November

2004 to February 2009. Concluded that there is a small degree of asymmetric

price response and a lack of competition in the fuel market, while on the other

hand there is a strong price reaction to tax changes.

Polemis (2012) investigated the issue of asymmetries in the co-movement of

shocks to input prices and exchange rate onto the wholesale and retail price of

gasoline respectively. Using the error correction model (ECM) on monthly data

covering the period of January 1988 to June 2006 he determined asymmetric re-

sponse of the retail gasoline prices to cost increases and decreases both in the

long and the short-run. Furthermore, he checked the effect of competition on the

dynamic adjustment of gasoline price to which has been paid scant attention in

the past by using impulse response functions.

Bragoudakis & Sideris (2017), emphasized in the impact on the pricing dynam-

ics of the market, the structural reforms of 2010 in the gasoline market. They used

weekly data for the period January 2005 – September 2015 (the lowest frequency

available for gasoline prices in Greece) and applied the TAR-ECM cointegration

technique for identifying such kind of asymmetries and the results are provided

symmetrical behavior after the reforms, which was not the case before their im-

plementation. The analysis was done with categorized data in three periods, the

whole period, and the periods before and after the implementation of structural re-
2the NUTS classification (Nomenclature of territorial units for statistics) is a hierarchical

system for dividing up the economic territory of the EU and the UK.NUTS 3: small regions for
specific diagnoses
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forms in the Greek gasoline market and they concluded in a symmetric adjustment

of prices only for the period following the structural reforms in the market.

A more recent survey of Bragoudakis et al. (2019), studied the asymmetries

in oil Greek market. Taking into account consideration the whole supply chain,

assess whether the refineries’ mark-up responds asymmetrically to the global oil

prices and subsequently whether the retailers’ mark-up shows an asymmetric be-

haviour relatively to changes in the refineries’ fuel prices. In contrast to previous

studies, in this research were used daily data from 7th January 2014 to 10th April

2018, employing a short-run model and focusing on the mark-ups of refineries and

retailers, rather than on fuel prices They come up with the existence of asymme-

try in the refineries mark-up relatively to changes in the global oil prices, which

is then passed through to the retailers and consumers.

In addition, in the most recent literature, the contribution of spatial economet-

rics models to the finding of spatial dependence between markets is increasing. For

example Eleftheriou et al. (2019) explored the impact of spatial dependence on

gasoline retail price formation by using for the first time an asymmetric spatial

error correction model (ASpECM). The spatial error correction model follows sim-

ilar methodology with classic ECM, with an extra term that denotes a spatially

lagged variable.The elements of spatial matrix include the driving distance of spa-

tial units. Their finding suggests that empirical studies that ignore the role of

spatial dependence and local competition may miss an important element of the

nature of the gasoline price adjustment mechanism. Furthermore, they observed

that the oligopolistic nature of the local gasoline market along with spatial depen-

dence create the asymmetric price adjustment path.

Furthermore Verlinda (2007) studied the effect of spatial differentiation influ-

ences price response asymmetry. Especially he studied the asymmetry varies with

a station’s spatial characteristics using a highly detailed station-level data set. The

results showed that the brand identity, operation type, and local market features

and demographics influence a station’s predicted price-response asymmetry.
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4 Methodology & Econometric Specification

The econometric method is followed by corresponding surveys for the examination

of the existence of asymmetry is the error correction models (ECM) Engle &

Granger (1987);Granger & Lee (1989).

4.1 Cointegration Tests

4.1.1 Engle and Granger Test

The purpose is to determined if there is long-run equilibrium and this relationship

is reflected in the equation 1:

pgt = β0 + β1p
b
t + ut (1)

where pgt and pbt present the logarithms of Pg
t and Pb

t respectively. The parameter

β0 is the constant term and it usually denotes a fixed cost that includes refining,

promotion and costs distribution. The parameter β1 is defined as the effect of the

oil price on the price of gasoline in the long run and ut denotes the residuals that

express the deviations from the equilibrium relationship.

Engle & Granger (1987) proposed Dickey-Fuller tests on residuals ut, if both series

pgt and pbt are I(1). Dickey & Fuller (1979) checked the hypothesis that %=0 or

%<0 according to the equation 2.
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∆ut = %ut−1 + vt (2)

where ∆ is first difference and % is the mean of residual’s intensity of adaptation.

4.1.2 Johansen Test

The equation for the Johansen test Johansen (1988) in a VARmodel can be written

as follows

∆Zt = β + Γ1∆Zt−1 + Γ2∆Zt−2 + · · ·+ Γn−1∆Zt−n+1 + ΠZt−1 + εt (3)

where Γ denotes the matrix of coefficints ,Π denotes the n×n matrix of coefficients

,β denotes the n×1 vector of constant term ,∆ denotes the difference operator ,Z

denotes the n× 1 vector of independent variables and ε denotes the n× 1 vector

of disturbances.

According to Johansen (1988),there are two test statistics for testing the number

of cointegrating vectors (or the rank of Π) in the VAR model. The first is trace

test and the second test statistic is Maximum-Eigen values test (L-max).

4.2 Vector ECM

We first analyzed the vector auto-regressive model. A VAR model describes the

evolution of a set of k variables over the same sample period (t = 1, ..., T ) as a

linear function of only their past values. The VAR(p) model can be written as :

yt = c+

p∑
i=1

iYt−i = A1yt−1 + A2yt−2 + · · ·+ Apyt−p + et (4)

Where y is the (n × 1) vector, (c) is the (n × 1) vector of constant term, is the

n× n matrix of parameters, et is a n× 1 vector of white noise, t denotes the time

and I denotes the length of lags. For simplicity we present the VAR(1) model for
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two variable (k = 2) and the model can be presented as

y1,t
y2,t

 =

c1
c2

+

a1,1 a1,2

a2,1 a2,2


y1,t−1
y2,t−1

+

e1,t
e2,t

 , (5)

If y1 and y2 are I(1) and cointegrated, then the system of equations is modified

to allow for the cointegrating relationship between the I(1) variables. Introducing

the cointegrating relationship leads to a model known as the vector error correction

(VEC) model. So the vector error correction model(VECM) is written as

∆yt = c+
n−1∑
i=1

Γi∆yt−i + Πyt−n+1 + et (6)

where ∆ is the difference operator, where Γ is the coefficient matrices , yt are

the set of variables and the matrix Π gives the cointegration properties of the

model. Especially the matrix Π can be written as

Π = αβ′ (7)

where α and β are (n × v) matrices where v denotes the cointegrating rank of

system. The α denotes the speed and the direction of adjustment of the system

and β is the long run parameters.

4.3 Error Correction Model

If residuals are stationary, short-run applies equation 8 which is the general form

of the symmetric error correction model: The ECM for one equation is a special

form of VECM. So the equation 6 can be written as :

rgt = β0 +

k1∑
i=1

β1,ir
g
t−i +

k2∑
i=0

β2,ir
b
t−i + αut−1 + εt (8)

where α<0 and k1,k2 are lags of parameters. According to equation 8 in the short-

run retail gasoline price changes rgt are determined by gasoline price changes in
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previous periods,
∑
rgt−i, oil price changes in previous periods

∑
rbt−i, and the

trend of gasoline prices to return to their long-run equilibrium, as expressed by

αut−1.The parameter α denotes the speed of adjustment to the long-run equilib-

rium and expected to take negative values.

4.3.1 Asymmetric Error Correction Model

The difference with asymmetric error correction model (AECM) is that opposes

the hypothesis of symmetrical adaptation of the dependent variable to long-run

equilibrium, while considers symmetrical adjustment of residuals. In this case,

there is a differentiation of residuals as positive (+) and negative (-) and the model

is estimated by maintaining this differentiation as we can see in the equation 9.

rgt = β0 +

k1∑
i=1

β1,ir
g
t−i +

k2∑
i=0

β2,ir
b
t−i + α1u

−
t−1 + α2u

+
t−1 + εt (9)

where u−t−1 presents the negative and u
+
t−1 the positive deviations of p

g
t from equilib-

rium , α1<0 and α2<0. In case of α1 and α2 are not equal then there is indication

of asymmetric adjustment that can be tested. (Symmetric hypothesis: α1 = α2)

4.4 Fully Modified OLS & Dynamic OLS Estimation

DOLS and FMOLS are superior to the OLS for the following reasons:

1. OLS estimates are super- consistent , but the t-statistic gotten without sta-

tionary or I(0) terms are only approximately normal

2. OLS estimates may suffer from serial correlation, heteroskedasticity

3. DOLS & FMOLS take care endogenity by adding the leads & lags (DOLS).

DOLS seeks to address asymptotic bias contained in the OLS estimate by including

leads and lags of the series. According to Kao et al. (1999) DOLS outperforms

FMOLS approach. Not only DOLS is computationally simpler but it reduces

13



bias better than FMOLS. The t-statistic from DOLS approximates the standard

normal density much better than the statistic from OLS or FMOLS.

4.4.1 Dynamic OLS Estimation (DOLS)

Dynamic OLS Estimation Saikkonen (1991), Stock & Watson (1993) is based on

parametric regressions and is an approach to create an effective estimator that

eliminates feedback in the integration system. This method essentially augments

the cointegration regression with lags and leads of ∆Xt:

yt = X ′tβ +D′1tγ1 +
r∑

j=−q

∆Xt+jδ + u1t (10)

where q present lags and p leads of regressors. These differences absorb the long-

run correlation between u1t and u2t, and the estimates of the least squares of

θ = (β′, γ′)′, using the equation 10, will have the same asymptotic distribution as

the corresponding estimates resulting from the FMOLS method.

4.4.2 Fully-Modified OLS Estimation (FMOLS)

Fully-Modified OLS Hansen & Phillips (1990) estimation proposed for better es-

timations of cointagration regressors. This method modifies the OLS method in

order to take into account the effects of linear correlations and the endogenity of

regressors, resulting from the existence of an aggregation relationship.

The FMOLS estimator uses preliminary estimates of symmetric and one-sided

matrices of long-run covariances of residues and can be written as follows:

β∗NT = N−1
N∑
i=1

[
T∑
i=1

[Xit −Xi]
2]−1[

T∑
i=1

[Xit −Xi]]Y
∗
it − T τ̂i (11)

where

Y ∗it =
(
Yit − Yi

)
− L̂21i

L̂22i

∆Xit, τ̂i4 = Γ̂21i + Ω̂21i

0
− L̂21i

L̂22i

(
Γ̂22i + Ω̂22i

0
)

(12)
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5 Data

In this section we present and describe the data that used in our analysis. Data on

the retail price of gasoline in Greece Pg
t and on the international oil price Pb

t are

weekly for the period January 2005-March 2020, with total observations (N=793).

On the origin of the retail price data for gasoline come from the European Com-

mission’s oil Bulletin3 and selected the series of the price of 95 octane unleaded

gasoline (before taxes), as it holds the highest percentage of car consumption in

the Greek economy. Data on the spot price of Brent crude oil, which is considered

a reference price for price formation in Europe, came from Fred’s database4. The

price is expressed in dollars per barrel and converted into euros per liter to be

comparable to retail prices based on the correspondence 1 barrel=158,987 liters.

In table 1 we present the descriptive statistics of returns. We see that the

descriptive statistics shows that the returns have negative skewness and the kur-

tosis determines a leptokurtic distribution. Also kurtosis shows that the returns

has fat tails. The negative skewness determines asymmetries. The unconditional

distribution is negative skewed showing that extreme negative returns are more

often. The above results confirm the stylized facts of returns. Stylized facts are a

set of common features of financial data.

Table 1: Descriptive Statistics

Returns

Mean Std. dev Min Max Skewness Kurtosis

Brent oil 0,0005 0,049 -0,41 0,341 -0,641 9,26
Gasoline 0,0006 0,023 -0,116 0,108 -0,471 4,07

Note: Brent oil (Euro per litre), Gasoline price (Euro per litre)

In figure 2 we see the evolution of the price of Brent oil and the retail price

of gasoline. We observe that prices are highly volatile and declining during the

global financial crisis (GFC) and the European sovereign debt crisis (ESDC) and
3https://ec.europa.eu/energy/data-analysis/weekly-oil-bulletin_en
4https://fred.stlouisfed.org/series/DCOILBRENTEU
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the start of Corona Virus crisis. In particular, we see that prices have the same

direction. From 2005 until the end of 2008 prices were constantly rising until

2009 when markets began to decline rapidly. By April 2009, markets have fallen

dramatically. From April 2009 to November, according to the FED, we are in

a period of stabilization. The European crisis begins on November 5, 2009, as

Greece unveils its fiscal deficit. The onset of crisis was in late 2009 when the

Greek government disclosed that its budget deficits were far higher than previously

thought Copelovitch et al. (2016). From 2016 to 2020 was a period of stability

that stopped due to Covid-19, as there was a decrease in economic activity and

demand for oil resulting in lower prices5.

Figure 2: Brent oil price & retail gasoline price (Euro per litre)

Returns have high volatility during economic and financial instability as we can

see from the figures 3,4.

5https://blogs.imf.org/2020/04/14/the-great-lockdown-worst-economic-downturn-since-the-great-depression/
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Figure 3: Return of gasoline without taxes

Figure 4: Return of Brent oil
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6 Empirical Results

6.1 Cointegration tests

In the first step, we test the stationary and the cointegration of two series. We

investigate the unit root tests on the sample we are considering, which is the

logarithm of the international price of crude oil pgt and the logarithm of the retail

price of gasoline pgt . The tests applied on our series were the Dickey-Fuller unit

root test Dickey & Fuller (1979) and Dickey-Fuller GLS test Elliott et al. (1996)

and they showed that the two time series are integrated of order 1, I(1). Then

we continue the checks by making Johansen’s cointegration test Johansen (1988)

which used to establish the rank of β and the results of which are presented on

table 2.

Table 2: Johansen Test

Rank Hypothesis Tests Statistics
H0 H1 Max Eigenvalue Trace

0 r=0 r>0 37,737*** 43,307***
1 r ≤ 1 r>1 5,5702 5,570

Notes: The statistical significance at the level of 1% is denoted by asterisks (***).

According to table 2, in the first column we see the cointegration rank which

states the number of cointegration vectors. When rank equal to 0 then there is

no cointegration. When rank equal to 1 then there is stastionarity. In second and

third columns there are the H0 and H1 hypotheses. In the fourth and fifth columns

there are the statistic results of Johansen test. As we can see, the non-stastionarity

is rejected, and the assumption that they are cointegrated is not rejected.
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Table 3: Engle and Granger’s Cointegration test

Engle and Granger’s Cointegration test
H0 : ρ = 0
-Engle-Granger t-statistic -5,005

(0,000)
-Engle-Granger z-statistic 33,00

(0,000)
Notes: parentheses refer to p-value values.

According to Engle Granger test if two time series are aggregate then there is

a long-term equilibrium relationship between these variables. In order to support

the existence of cointegration, each of the individual series should be I(1) but some

linear combination of the series should be I(0). According to the results of the

table 3 we see that there is cointegration.

6.2 Long-run equilibrium

In the second step, we estimate the long-run relationship between the international

price of crude oil and the domestic retail price of gasoline. Table 4 presents in

the first column the OLS estimates of the long run relationship (cointegrating

relation according to the previous test results) between gasoline and oil prices, in

the second column the results of the FMOLS estimates and in the third column

the DOLS estimates. We see the results of the long-term relationship between

the two sizes we study using the OLS, FMOLS and DOLS method. β0 presents

constant while β1 estimates the relationship between the international price of oil

and the retail domestic price of gasoline.

Table 4: Long-run relationship

Long run relationship OLS FMOLS DOLS

β0 0,037*** 0,095*** 0,029***
(0,008) (0,0216) (0,0055)

β1 0,617*** 0,674*** 0,608***
(0,008) (0,0204) (0,0052)

Notes: Standard error in parenthesis. The statistical significance at the level of 1% is denoted by asterisks (***).
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The OLS estimation has large small sample bias although it is super-consistent

and also has inefficiencies that prevent us from using the relevant t-statistics for

statistical inference. However, for comparison purposes table reports the OLS

estimation results.

According to these results, Equation 1 present the OLS estimates and can be

written as follows:

pgt = 0, 037 + 0, 617pbt + ût (13)

According to equation 13, the long-run oil price elasticity of domestic retail

gasoline prices takes the value 0.61. This means that a 10% change (rise or fall)

in crude oil prices causes a 6.1% change or decrease, respectively in retail gasoline

prices.

The FMOLS and DOLS estimates are shown in detail in the equations 14 and

15:

pgt = 0, 095 + 0, 674pbt + ût (14)

According to equation 14, the long-run oil price elasticity of retail domestic gasoline

prices takes the value 0.674.

pgt = 0, 029 + 0, 608pbt + ût (15)

According to equation 15, the long-run oil price elasticity of retail domestic gasoline

prices takes the value 0.608. It is evident that all the coefficients are statistically

significant and have the anticipated signs.

6.3 ECM with FMOLS Estimation

The asymmetric and symmetric ECM Model estimated with two methods, one of

which is FMOLS Estimation. On table 5 presented the results of this estimation.
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Symmetric ECM with FMOLS

The estimates of the symmetric error model are based on Equation 8. This re-

lationship describes the short-term changes in the price of gasoline. The results

of the assessment of this relationship are presented in the first column of the ta-

ble 5. The majority of the interpretative variables of the model are statistically

significant at least at a level of statistical significance of 5%, with the exception

of three of them. According to the results of the symmetric model, the changes

in the price of gasoline in the current week are determined by the changes in the

price of gasoline in previous weeks (in the weeks we see them as lags rgt−1 to rgt−5.

In the same way we see the changes in the oil price in previous weeks (in the weeks

we see them as lags rbt−1 to rbt−5 and the error correction term α is the trend of

returning to long-term equilibrium. The intensity of adjustment to the long-term

balance receives the value a=-0.07. According to this value, 7% of the deviation

of the retail price of gasoline from the long-term relationship 13 presented in the

previous week is corrected within the current week. It takes 14 weeks to reach the

long-term balance.

Asymmetric ECM with FMOLS

The estimates of the asymmetric error model are based on Equation 9. This

relationship describes the short-term changes in the price of gasoline. The results

of the assessment of this relationship are presented in the second column of the

table 5. We note that the results of the symmetric model are very close to the

results of the asymmetric model. On the other hand, we see that the α factor

is statistically significant in significance level of 1%. (The coefficients α1 and α2

measure the asymmetric adjustment of gasoline price towards long-term balance

are statistically significant and differ from each other). The rates are α1=-0,14 and

α2=-0,018 and show that retail gasoline prices gasoline price move more quickly

upwards when they are below their equilibrium price.
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Table 5: ECM with FMOLS Estimation

Symmetric ECM Asymmetric ECM

Constant µ0 0,00016 −0,003026***
(0,0006) (0,001064)

rgt−1 β1,1 0,07155** 0,063939*
(0,0357) (0,03553)

rgt−2 β1,2 −0,02166 −0,030231
(0,0356) (0,035382)

rgt−3 β1,3 0,08826** 0,088015**
(0,03491) (0,034630)

rgt−4 β1,4 0,09112*** 0,097925***
(0,03275) (0,032539)

rgt−5 β1,5 −0,03475 −0,025018
(0,02928) (0,02915)

rbt−1 β2,1 0,18007*** 0,17724***
(0,01614) (0,01603)

rbt−2 β2,2 0,14463*** 0,147877***
(0,01705) (0,01693)

rbt−3 β2,3 0,04836*** 0,05334***
(0,01778) (0,01769)

rbt−4 β2,4 0,03590** 0,041067**
(0,01749) (0,0174)

rbt−5 β2,5 −0,008627 −0,0034234
(0,01697) (0,01689)

ût−1 α −0,07075***
(0,0131)

û+
t−1 α+

1 −0,01895
(0,01902)

û−t−1 α−1 −0,149218***
(0,024734)

Adjusted R2 0,423744 0,43318
F-statistic 53,54345 51,057
DW 1,999883 1,992089

Note: Hansen & Phillips (1990)

Our results shows that the gasoline price reacts only in negative changes of

Brent crude oil. The gasoline price is undervalued when the price is below the

long-term equilibrium. So the price of gasoline will tend to rise to reach long-term

equilibrium. On the contrary, when the short-term price of gasoline is above the

long-term equilibrium, no correction is made to the price of gasoline price because

a1=-0,018. Therefore we have an indication of asymmetries

22



6.4 ECM with Dynamic OLS Estimation

The second method of estimating the symmetrical and asymmetric error correction

model is the Dynamic OLS method, the results of which are presented below.

Symmetric Error Correction Model with DOLS

In the first column of Table 6, presented the results of the estimates of the sym-

metric error correction model using the Dynamic OLS method. We note that the

difference between the results of the two assessment methods (FMOLS and DOLS)

is minimal. The degree of statistical significance of some interpretative variables

has changed from 5% to 1% while the rate of adjustment in the long-term balance

(α) receives the value α=-0,077 and is statistically significant at a level of 1%.

According to this value, 7% of the deviation of the retail price of gasoline from the

long-term relationship 13 presented in the previous week is corrected within the

current week. Similar to the results we received from the ECM with the FMOLS

method we see that it takes 14 weeks to reach the long-term balance too.

Asymmetric ECM with DOLS

In contrast to the results obtained with the FMOLS method, with the DOLS

method we see a slightly greater differentiation between the results of the sym-

metric and asymmetric ECM model. The results of the interpretative variables

are clearly differentiated and in terms of statistical significance we see that fewer

interpretative variables are statistically significant. In addition, we see that the

α1 factor is statistically significant in significance level of 1%. The rates are α1=-

0,129 and α2=-0,03 and show that retail gasoline prices gasoline price move more

quickly upwards when they are below their equilibrium price.
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Table 6: ECM with Dynamic OLS Estimation

Symmetric ECM Asymmetric ECM
Constant µ0 0,0001 −0,0022**

(0,0006) (0,0009)
rgt−1 β1,1 0,07302** 0,0675

(0,0356) (0,0671)
rgt−2 β1,2 −0,0189 −0,0272

(0,0355) (0,0704)
rgt−3 β1,3 0,0915*** 0,08901*

(0,0348) (0,046)
rgt−4 β1,4 0,0948*** 0,0976***

(0,0327) (0,0373)
rgt−5 β1,5 −0,02906 −0,02199

(0,0292) (0,0398)
rbt−1 β2,1 0,1774*** 0,1788***

(0,01603) (0,01822)
rbt−2 β2,2 0,1434*** 0,148***

(0,01691) (0,0235)
rbt−3 β2,3 0,04784*** 0,05295**

(0,0176) (0,0266)
rbt−4 β2,4 0,03571** 0,04082

(0,0173) (0,0247)
rbt−5 β2,5 −0,0089 −0,0031

(0,01689) (0,02)
ût−1 α −0,0778***

(0,01343)
û+

t−1 α+
1 −0,03

(0,021)
û−t−1 α−1 −0,129***

(0,025)
Adjusted R2 0,4269 0,4323
F-statistic 54,237 37,914
DW 1,9988 1,988

Note: Saikkonen (1991), Stock & Watson (1993)
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7 Concluding remarks

The aim of this dissertation is to detect the relationship between the international

oil price (Brent Oil) and the retail gasoline price in Greece. We investigate if the

gasoline prices respond to possible changes in the international oil price and we

identify possible asymmetries.

The contribution of this dissertation lies on the one hand in the sample size

as the sample is one of the largest that has been used so far for Greek data and

covers a period of 15 years during which three major economic crises took place.

f course the economic crises to which reference is made are the Great Recession of

2008-2010, the European sovereign debt crisis (ESDC) and the health crisis due

to COVID-19 which develops into an economic one due to the huge recession it

caused.

On the other hand, the contribution of this dissertation is particularly im-

portant in terms of the evaluation process and the methods of assessment. The

method followed is the Error correction model, and the estimate was made in two

ways. Initially, the overall long-term balance of these two sizes was checked and

then the symmetric and asymmetric error correction model was assessed initially

with the Fully Modified OLS (FMOLS) method and at a second stage with the

Dynamic OLS (DOLS) method.

We see that the price of gasoline responds more quickly to an increase than to

a decrease in the international price of oil and asymmetry confirmed. From the

symmetric model we saw that the retail price of gasoline depends on the interna-

tional price of oil and from the asymmetric we saw that the speed of convergence

is faster when we are below the long-term average price.

The investigation of this issue is of particular importance for the industrial

organization and regulation of markets as petrol is the most common fuel for motor

vehicles. On the other hand, the existence of asymmetry very often leads to the

conclusion that there is sympathy between petrol dealers who, taking advantage of
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the shocks of the international oil price, are aiming at speculation at the expense

of consumers.

Finally, the main limitation of this research is the frequency of observations

in the sample, which makes it particularly attractive for subsequent surveys with

different frequency or even for spatial analysis.

Concluding this dissertation, it is important to propose a possible extension of

this study by examining the relationship between the international price of Brent

crude oil and the domestic retail price of gasoline with an additional methodol-

ogy that is the TAR-ECM model. According to this model unit root tests show

different rate residual’s adjustment to equilibrium price, when price is lower or

higher of threshold price τ . This method is considered the most reliable statisti-

cally method for controlling asymmetric adjustments in the behavior of a variable

and it would be interesting to show any similarities or differences in relation to

the results obtained in this research.
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