Aston University

Some parts of this thesis may have been removed for copyright restrictions.

If you have discovered material in AURA which is unlawful e.g. breaches copyright, (either
yours or that of a third party) or any other law, including but not limited to those relating to
patent, trademark, confidentiality, data protection, obscenity, defamation, libel, then please
read our Takedown Policy and contact the service immediately




Asymmetric Price Transmission

Szymon Szczepan Wlazlowski
Doctor of Philosophy

Aston University!

June. 2008

"This copy of the thesis has been supplied on condition that anvone who consults it is
understood to recognise that its copyright rests with its author and that no quotation from the
thesis and no information derived from it may be published without proper acknowledgement.



ASTON UNIVERSITY

THESIS SUMMARY

Asymmetric Price Transmission
Szymon Szczepan Wlazlowski
Doctor of Philosophy
Aston University - 2008
This doctoral research reports on the presence and character of asymmetrics in price dy-
namics of the European Union petroleum markets. We focus on the asymmetry between
fast responses of downstream prices to margin-decreasing cost increases and slow adjust-
ment after favourable cost developments as it might result in a politically sensitive welfare
transfer from the end consumers to “Big Oil” companies opcrating upstream.

We start by proposing a classification of pricing non-linearities and use it to review
previous research on this topic and to identify its deficiencies. In particular, we find that
most of the studies offer limited scope for comparisons across crude oils, end products,
countries and pricing tiers. Similarly, applied research suffers from the lack of in-depth
analysis of the economics of petroleum markets, in particular its diversified quality / sup-
ply structures and patterns of causality and endogeneity in market prices. Furthermore,
commonly used modelling techniques impose excessive assumptions about the character
of pricing behaviour. Last but not least, the explanations of the asymmetry phenomena
proposed in the literature have never been presented and reviewed in a coherent and
consistent manner.

We rectify those issucs by performing an analysis based on multi-country, -product,
-tier and -crude datasct. We start by analysing the issucs of causality and cndogeneity
in the petroleum markets and find that while the traditional benchmark oil prices still
drive the EU market, the Russian crudes increase in importance both on global and
European markets. In the core part of this analysis, we study price transmission using
a smooth-transition modelling framework that allows us to (i) test for the presence of
asymmetries in the equilibrium restoring process without imposing excessive restrictions
on their nature, (ii) test for the shape and properties of thosc non-normalitics and (iii)
simulate price dynamics. We conclude that when using more detailed market data and less
restrictive assumptions, non-lincaritics, although still widespread, are more intricate than
previously assumed. Firstly, we find that apart from the traditional two-regime sctting,
a three-regime pricing behaviour is visible in the markets. Sccondly, the regime change
is found to be gradual rather than immediate and full as previously assumed. Thirdly,
in many cases the existence of non-lincaritics docs not automatically imply a significant
welfare transfer but rather the presence of slow adjustment for small market disequilibria.

We finish by tackling two neglected aspects related to petroleum product pricing.
Firstly, we analyse intcractions between petroleum taxation and cross-country price dy-
namics and find that the pricing mechanism is consistent with the “fuel tourism” phenom-
ena which can have a significant effect on taxation revenues and environment. Secondly,
we review the explanations of non-lincarity phenomena and find that those usually quoted
in the literature (market abuse and scarch costs) find little support in the results obtained
and industry statistics, while others should be analysed jointly so as to create a new, co-
herent theoretical framework that explains mechanisms of petroleum pricing.
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Nomenclature

(O] Element-by-clement multiplication

o Hadamard Product

Q.  Borel sigma-field o for a time scries given information from ¢
B Borel Ficld - sigma algcbra

I{...) Indicator Function

ADF Augmented Dickey-Fuller

AIC Akaike Information Criterion

APT Asymmetric Price Transmission

AR  AutoRegressive

ARCH AutoRegressive Conditional Heteroscedascity
AT  Austria

BE Belgium

BST DBritish Summer Time

cif  Cost, Insurance and Freight inclusive price as specified by INCOTERMS (Interna-
tional Commercial Terms) 2000

CPI Consumer Price Index

CRDW Cointegrating Regression Durbin - Watson

CUSUM Cumulative Sum of Recursive Residuals
CUSUMSQ Cumulative Sum of Squared Recursive Residuals
CY Cyprus

CZ  Czech Republic

d.o.f Degrees of freedom

DE Germany
DF  Dickey-Fuller
DK Denmark

DOLS Dynamic Ordinary Least Squares
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DSP Downstrcam Price

DW Durbin Watson

ECM Error Correction Model

ECT Error Correction Term

EE Estonia

EGARCH Exponcntial GARCH

ES  Spain

EUR Euro

EURO EURO-95 Unleaded Petrol - ULP
FI  Finland

fob  Free on Board conditions as specified by Incoterms
FR  France

FSU Former Sovict Union

GARCH Gencralized ARCH

GB  United Kingdom

GBP Pound sterling

GR  Greece

HGasoil Gasoil / Heating Oil

HHI Herfindahl-Hirschman Index

HQC Hannan-Quinn Information Critcrion
HU Hungary

IE  Ircland

Incoterms International Commercial Terms 2000
IT Italy

JB  Jarque-Bera

KS Kolmogorov-Smirnov

KSS Kapetanois, Shin and Snell

LP  Lcaded Petrol

LPG Liquefied Petroleum Gas

LR Long Run

LS  Least Squares
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LT Lithuania
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Med Mediterrancan

MENA Middle East North Africa

MON Motor Octanc Number

MPE Markov Perfect Equilibria

MSE Mecdium (and) Small Enterprise

MSP Midstrcam Price

MT Malta
NL  Netherlands
NO Norway

NYMEX New York Mercantile Exchange
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p-value probability value

PADD Petroleum Administration Defense District
PAM Partial Adjustment Model

PL  Poland

PO  Phillips-Ouliaris
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PPI Produced Price Index

ppm Particles per million

PT Portugal
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Chapter 1

Introduction

This chapter describes the motivation for this PhD rescarch, the problems tackled and
methods employed for that purpose. In the first part of the chapter, we introduce basic
concepts used throughout the thesis, explain the significance of the research problem and
how it is usually classified in the literature. The second part of the chapter describes the
petrolcum markets in the Europecan Union, summarizes the rescarch aims and presents

the outline of the rest of the disscrtation.

1.1 Evidence from the Markets

Economics worldwide rely heavily on fossil fuels, especially on crude oil, the prices of which
(as the experience of oil shocks in the 1970s has shown) can affect the global economic
climate. Given that, no wonder that the crude oil price hikes that follow wars, hurricancs,
strikes and terrorist attacks make the headlines all over the world. One of the issucs that
attracts consumers’ attention is how those remote events affect their lives through the
changes of the prices of cnergy products they buy every day.

This rescarch aims to analysc thosc linkages for major petroleum products in the
Europcan Union. The focus is on the presence of non-linearitics in the pricing process and
potential welfare transfer associated with it. The following sections explain the rescarch

problem in detail and discuss its significance.

1.1.1 Illustration of the Research Problem

To familiarize the rcader with the petroleum pricing terminology, it helps to visualise
the pricing process occurring as crude oil and its derivatives are transported down the
river - which was one of the first ways of transmitting oil from the natural seepages

located upstream the rivers all the way down to refiners, wholesalers and final users
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downstream - Yergin (1991). In line with this analogy, the rclationship between prices is
called price transmission, initial tiers in price transmission (thosc related to crude oil) are
labelled upstream, those for processed products - midstream and thosc at the retail stage
- downstream. In this dissertation we abbreviate upstream, midstrcam and downstream
prices as USP, MSP and DSP, accordingly.

More formally, the concept of price transmission could be illustrated by the following

example. Given that (by dcfinition) prices along the stream are related:

e in the abscnce of external shocks, some kind of cquilibrium rclationship between

upstrcam and downstrcam prices should cxist;

i
o external shocks should trigger short- and long-run adjustments towards the long-run

cquilibrium, since:

— rational cconomic agents price their goods so as to maximise their underlying

utility function;

— in the long run prices of goods should reflect their scarcity.
Civen the above, assume that:

the commodities analysed arc:

— crude oil - global upstrecam, and

— petroleum motor fuel - local downstream;

o the market for petroleum in question is small compared to market for crude oil - in

terms of quantitics traded, so that prices downstream cannot drive those upstream;

in the short-run, only crude oil prices drive petrolcum prices (i.e. prices of other

inputs arc assumed to be constant);
e no substitutcs to petrolcum are available in the short-run.
In such a sctting, onc might expect that:
e increascs and decreases in crude oil prices trigger appropriate changes downstream;
e the resulting changes arc symmetric in terms of absolute size / timing.

This Symmetric Price Transmission (here SPT) is predicted by all canonical industry /
market pricing models (perfect competition, monopoly, cte. - sce Kirchgassner & Kubler

(1992) for a discussion). In this disscrtation we focus on situations when transmission is

16



not symmetric, in particular those when increascs in crude oil prices Icad to immediate
increases in the petroleum prices, but decreases in crude oil prices are passéd downstream
with a dclay. Posncr (2002) refers to this phenomenon as price hysteresis, Deltas (2004)
uscs the term price gouging, Manning (1991) calls it downward stickiness, whilc Bacon
(1991), Reilly & Witt (1998) and Galeotti, Lanza & Mancra (2003) usc a more graphic
term - rockets and feathers. In this disscrtation we call it simply Asymmetric Price
Transmission (here APT), as this term is deeply rooted in the litcrature and does not
have equivalents in other fields of economics.

A further discussion of types of asymmetries is presented in scction 1.2, where we
also develop a uniform classification of APT, necessary for the purposes of the literature

review. But first, we discuss the significance of the research topic.

1.1.2 Motivation

The issuc of APT deserves rigorous and in-depth rescarch for a varicty of reasons. Firstly,
because of the size of the petroleum markets, the global dependence on oil products and
the share of income spent by the average houschold on petroleum products, APT is im-
portant from the welfare point of view. Onc must remember that APT might imply
a welfare redistribution from agents downstrcam to agents upstrcam (compared to sit-
uation prescribed by canonical theorics). Because such a redistribution would be from
ordinary citizens (voters) to multinational companies opcrating upstrcam, it has scrious
political and social consequences. Secondly, petroleum product prices can affect (at least
temporarily) numerous costs in several industries, and thus affect the efficiencies and
compctitivencss of cconomic systems.

The presence of non-lincarities in price transmission is clearly acknowledged by gov-

crnment institutions - the House of Commons Report (2001, p. 1) states that:

The link between the oil component of petrol prices and crude prices is neither

lincar nor automatic.

The possible welfare transfer related to the presence of non-linearitics also attracts
significant attention from the public. The following quotes from Karrenbrock (1991, p.
20) cover the early 1990s, when issues about stability in the Gulf Region led to the first

of many price spikes in the last two decades:

“Those who arc doing the gouging will hear from the president” - Treasury

Sccretary Nicholas Brady. The Wall Street Journal, August 9, 1990
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“Retail prices go up much faster than they come down” - a spokesman for
the Automobile Association for America, The Wall Street Journal, August 9,
1990

“Pump prices arc fast to respond to rising prices but slower to fall when crude

prices fall” The Wall Street Journal, August 3, 1989

“Whenever oil prices fall, there is always the stickiness in gasoline prices on
the way down. You never sce this stickiness on the way up.” - New York
Times, July 2, 1990

“When crude prices go up, product prices tend to rise with crude prices. But
when crude prices go down, product prices tend to lag - they go down slowly”
St. Louis Post-Dispatch, Junc 19, 1990

Thirdly, APT is still largely an unexplained phenomenon which offers plenty of room
for more empirical research. This is duc to the fact that the current literature offers only

casual explanations of APT phenomena and, in the words of Mcyer & Cramon-Taubadcl

(2004, p. 2):

(...) a variety of often conflicting theories (...) co-exists. While there has
been progress made in the scnsc of statistical and empirical sophistication
(...) (existing tests) arc not discerning in the scnsc that they make it possible
to differentiate between competing underlying causes on the basis of empirical

results.
Peltzman (2000) confirms this view by stating that (emphasis added):

(...) Output prices tend to respond faster to input increases than to decreascs
(...) it is found as frequently in producer goods as in consumer goods market

(...) (and) suggests a gap in the essential part of economic theory.

The above quote points to the last argument in favour of APT rescarch. The presence
of APT is not in line with canonical economic theorics (c.g. perfect competition and
monopoly), which predict that under some regularity assumptions (such as non-kinked,
convex / concave demand function) downstrcam responses to upstream changes should
be symmetric in terms of absolute size and timing. Therefore, research into APT offers a
perfect opportunity to bring the cconomics closer to real business life and address issucs

that concern the public.
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1.2 Types of Asymmetries

This scction presents the proposed catcgorisation of APT followed in this disscrtation.
Such a classification is uscful as a framework for the literature overview and allows us to
make consistent comparisons of the results obtained by previous rescarchers.

The most obvious classification of asymmetries would be to split them depending on
their dircction which also imply the direction of the welfare transfer. This was first for-
malized by Peltzman (2000) and should be scen as a most fundamental way of classifying
the non-lincarity phenomenon. The two other attempts to categorise different kinds of
asymmctrics arc by Meyer & Cramon-Taubadcl (2004) and Frcy & Mancra (2007).

Meyer & Cramon-Taubadel (2004) propose the following classification criteria:

e direction of the price transmission - vertical (upstream to downstrcam) or spatial

(c.g. geographical on the same market level or arbitrage);

e naturc of the asymmetries in vertical transmission - whether the downstream ad-
justment to impulse shock upstream is asymmetric with respect to time or size (or

combination of both);

e direction of the welfare redistribution occurring during vertical transmission - up-

strcam (positive asymmetry) or downstrcam (negative asymmetry).

Obviously, given that we focus on transmission along onc transmission chain, we focus
on vertical asymmetrics (the spatial pricc dynamics are analysed in section 6.1). The
proposed classification is consistent and clear, however one should remember that under
the standard PT assumptions, the sizc asymmetry cannot occur on its own, otherwise
upstream and downstream prices would ultimately drift apart. Since they are are by
definition related to each other, this cannot be the case. Accordingly, size asymmetry can
occur only together with time asymmetry and only when the LR relationship between
prices is restored after the impulse shock to upstream prices.

Frey & Mancra (2007) distinguish no fewer than eight main types of asymmetry:

e contcmporancous impact (COI) - said to exist when the contemporaneous down-
strcam price responses to an impulse upstrcam cost change at ¢ arc asymmetric in

terms of the sizc;

o distributed lag effect (DLE) - said to exist when the follow-up downstrcam price
responses to an impulse upstrcam cost change at ¢ are asymmetric in terms of the

size;
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e cumulated impact (CUI) - said to exist when the accumulated downstream price
responscs to an impulse upstream cost change at t over a period of time are asym-

metric in terms of the size;

e rcaction time (RTA) - said to cxist when the accumulated downstrcam price re-
sponscs to an impulse upstream cost change at ¢ arc asymmetric in terms of time

necessary for the completion of the transmission;

e cquilibrium adjustment path (EAP) - said to cxist when the downstream price
responses to impulse upstream cost change at ¢ are asymmetric in terms of size, with
asymmetry depending on the size of the disequilibrium between actual downstrcam

prices and their LR equilibrium levels sct by upstrcam costs;

e momecntum cquilibrium adjustment path (MEAP) - said to exist when the down-
stream price responses to an impulse upstrcam cost change at { arc asymmetric
in terms of size, with asymmetry depending on the change in the discquilibrium

between actual downstream prices and their LR equilibrium levels;

e regime effect (RE) - said to exist when the downstream price LR adjustment speeds

differ depending on the level of upstrcam prices;

e rcgime cquilibrium adjustment path (REAP) - said to exist when the downstream
price LR adjustment speeds differ depending on the change in the discquilibrium

between actual downstream prices and their LR cquilibrium levels.
The above classification does have some drawbacks, most significantly:

e distinction between COI and DLE - onc must remember that the real time or tick
data arc not available, so virtually every obscrvation is de facto an aggregate over
a period of time. Since frequency of data used in APT rescarch differs, asymmetry
classified in some cases as COI (e.g. using weekly data) would be classified as DLE

in others (e.g. using monthly data), thus invalidating comparisons;

e COI/DLE, CUI and RTA all refer to the same phenomena, i.e. asymmetric SR
downstrcam price responses to onc-time impulse change in upstrecam costs. The

difference lics only in the way asymmetry:

— is analysed - cither in terms of time (RTA) or size (CIU/DKE and CUI);

— is presented and measured - cither at even intervals (COI/DLE) or in a cumu-
lative way (CUI); again in such a case the classification is arbitrary and rules

out comparisons between different studies;
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e mcasurcs of RTA asymmetry depend heavily on the units of time chosen. Since
researchers utilize data with different levels of aggregation over time (daily, weekly,
bi-weekly, monthly), classification based on RTA criteria hinders meaningful com-

parisons between studies.

For the sake of simplicity, we propose a joint classification unifying contributions by
Frey & Mancra (2007) and Meyer & Cramon-Taubadcl (2004) in the spirit of Peltzman
(2000). The proposed classification focuses on two intertwined elements of non-linearities,
i.e. (i) the nature of APT and (ii) its welfare effect. Accordingly, with respect to the
characteristics of asymmetry, following Meyer & Cramon-Taubadcl (2004) we distinguish

the following asymmectrics:

e time asymmetry - referring to a situation when the downstrcam response is not
symmetric with respect to timing of the downstream price responses to upstream

cost impulse change (illustrated by the bottom right pancl of Figure 1.1);

e combinations of the time asymmetry and size asymmetry above (illustrated by the

bottom right panel of Figure 1.3).}

However, one has to remember that given the imperfect monitoring of prices and ag-
gregation across transactions and over time (which cannot be casily avoided), the above
distinction in most cascs is purcly academic - if anything, most scries will display only
combined time / sizc asymmetry as pure sizc asymmetry will be lost in the data.

All asymmetrics described above induce welfare transfer compared to the SPT. The
unit effect is represented by the shaded areas in the Figures 1.1-1.3. With respect to
the welfare effect, following Peltzman (2000) and Meyer & Cramon-Taubadel (2004), we

distinguish between:

e ncgative asymmetry, said to exist when downstream prices react more fully or
rapidly to upstrcam price decreascs as opposed to increascs, thus inducing transfer

of the welfare to the agents opcrating downstream; and

e positive asymmetry, said to exist when downstream prices react more fully or rapidly
to upstream price increases as opposed to decreascs, thus inducing transfer of the

welfare to the agents operating upstrcam.

1Size asymmetry refers to a situation when downstream response is not symmetric with respect to
size of the responses to USP impulse change (illustrated by the bottom right panel of Figure 1.2). As
discussed above, this asymmetry can appear only together with time asymmetry.
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Figure 1.1: Examples of SPT and APT - Time Asymmetry
Symmelnc pnce iransmission Asymmelnc price lransmission

4

Crude ol prices
Cruds oil prices

Pelroleum pnoes
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The proposed nomenclature should not be analysed from the normative point of view,
as negative asymmetry implies welfare gains for downstream agents which usually is con-
sidered desired (i.e. positive), but rather in terms of additional time necessary for adjust-
ment to upstream shocks. Figure 1.4 depicts the idea of positive and negative asymmetries

(arrows represent the direction of the welfare transfer).

1.3 Petroleum and Oil Markets

This section presents the overview of the EU petroleum transmission chain. We start with
a brief overview of the pricing chain and then discuss how prices are set. We continue
with a discussion of various price transmission issues related to upstream, midstream and
downstream tiers.

The pricing chain begins with the extraction of crude oil, which is done in numerous
locations throughout the world. The crude ready to be refined (so-called feed) is then
transported to refineries where it is broken into several end products. Those products are
then sold either to wholesalers who supply their own chains of retailers or independent
retailers. Alternatively, the finished products could be sold by the refiners themselves,
again either to vertically integrated retailers or independents. Figure 1.5 presents an

overview of this chain.
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Figure 1.2: Examples of SPT and APT - Size Asymmetry
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At every tier in the chain, the processed products are priced, either in an actual
transaction or for bookkeeping purposes. As required by tax laws worldwide, all pricing
agents set their prices as a sum of three profit and loss accounts (i) costs of good sold; (ii)
SG&A portion, i.e. marketing and transportation costs; (iii) above-the-line exogenous
price components, mainly taxes. Asplund, Eriksson & Friberg (2000) report that the
Swedish office of Shell sets the end-product prices every day. For independent US retailers,
Davis (2007) finds that prices are changed less frequently - only on 8%-14% of the days,
but still often enough to reflect changes in upstream costs. Given the higher average value
of the transaction, one might suspect that the frequency of price adjustments increases
upstream with crude oil benchmarks being priced in real time.

Costs of goods sold include fully loaded purchase price paid on the previous tier, with
the additional costs set according to the appropriate Incoterms.? This is the main element
of price transmission and the one that links all subsequent tiers. In this dissertation we
focus on that component. This is typical in the literature - Chouinard & Perloff (2007)
analyse the determinants of petroleum prices in the US and find that the variation in the
price of crude oil has been virtually the only major factor contributing to downstream

price variations. Tax variations and mergers contribute substantially more to geographic

2Incoterms are sets of model contracts and sets of interpretive rules for international business, including
delivery rules - Braithwaite & Drahos (2000).



Figure 1.3: Examples of SPT and APT - Combined Asymmetry
Symmelnc price lransmission Asymmelric price lransmission
1l

r

Crude oil pnces
Crude oil pnees

Pelroleum pnces
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price differentials than price discrimination, cost factors, or pollution controls. A similar
approach is also taken by virtually all other researchers - see chapter 3 for an overview.
Therefore, given that this analysis focuses on net-of-tax prices at a national level, it is
safe to conclude that retail prices of all petroleum products are driven by the upstream
costs.

Other costs in this category are incurred mainly at the refining stage and include in-
ventory and storage, chemicals and catalysts, blending component purchase and storage
costs, energy inputs (gas and electricity), financing and labour - Posner (2002). Denni &
Frewer (2006) proxy them into three major groups (i) transportation costs; (ii) marginal

Figure 1.4: Positive and Negative Asymmetries

Negative Asymmetry Positive Asymmetry
Upstream Upstream
Downstream Downstream
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Takble 1.1: Refining Costs

Aston University

Source: Denni & Frewer (2006). llustration removed for copyright restrictions

refinery operating costs (related to chemicals, additives and catalyst); and (iii) credit al-
lowance, As presented in Table 1.1, those costs are cither constant or negligible compared
to per-barrel upstream cost.

According to Scherer (1996), at other stages the most significant costs include (i)
transportation (refinery to terminal and then station); (ii) terminal operation expenses
(labour, encrgy, rent and some taxes); (iii) inventory, storage and maintenance costs; (iv)
costs of additives (methanol) and blending. Again, those costs do not depend on upstream
costs and / or remain fairly stable.

The SG&A costs originate on each transmission level as the agents finance their every-
day operations. Those costs include fixed ad valorem depreciation and unionized labour
costs, so onc can assume that they change infrequently and by small amounts - see Sumner
(1990) for a UK study accounting for labour costs.

Since (by definition) taxes are either ad velorem or infrequently adjusted lump-sum
(in most EU countrics the excise duty is adjusted once a year) they are of little interest
in transmission analysis - Energy Information Agency (1999, p. 17). Wlazlowski, Binner,
Giulietti, Joscph & Nilsson (2006) analyse the issue in greater detail,

Below we discuss scveral issucs related to the above described pricing ticrs that are

important from the point of view of price transmission.

Crude 0il

Crude oil is an unprocessed mixture of hydrocarbons, found in the portions of the carth's
upper strata. It is the main source of so-called petroleum products, i.e. materials con-
taining large fractions of reclatively volatile hydrocarbons, described later on. Given the
global dependency on those products, crude oil is one of the most important commodities
used and traded globally - Chaudhuri (2001).

The geographical and geophysical heterogencity of its sources causes the crude oil
to come in hundreds of varieties that differ with respect to their chemical composition,
usually dubbed gquality - Gilen (1997), Giilen (1999). In terms of quality, crudes are split

into (i) light, medium or heavy (based on the density of the crude measured in degrees
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of API), and (ii) sweet and sour (based on the low / high sulphur content). Figure 1.6
presents the product yields for different qualities of crudes. The most important point
is that refining of high quality crudes results in a greater share of high quality and high
margin products, i.e. motor spirits (unleaded petrol - ULP and Diesel oil).? As new

Figure 1.6: Comparison of Refinery Yields by Crude Quality.

Aston University

ustration removed for copyright restrictions

Source: Natural Resources Canada (2005).

fields are discovered and utilised and old fields are depleted, this quality composition of
crude oil supply constantly evolves - see Eni SpA Report (2006). Figure 1.7 presents a
simplified classification of ca. 500 varieties of crude oil traded globally. The most visible
characteristics are (i) the enormous number of different varieties, and (ii) the diversity of
crudes with respect to taste, gravity and geographical origins.

Although hundreds of crude oil varicties are physically traded, only few high quality
crudes are actually priced. The remaining crudes are traded on over-the-counter markets
and their prices are linked to those of benchmark erudes traded in the spot market - Platt's
(20064a). Such a situation is a result of costs necessary to price numerous products but also
represents an artefact of the early days of the industry when crude oil was extracted only
from easily accessible fields which offered high quality erudes. With time, however, the
steadily increasing demand on the global markets emptied the old, high quality ficlds and
caused the increase in the share of low quality crudes - according to Montepeque (2005)
those crudes recently accounted for almost 50% of the general supply. Furthermore, the
technological advances still increase the available supply of low quality crudes, e.g. via
access to lower portions of older fields with steam flooding - Bahree & Gold (2006).
Pulling in the opposite directions are the harsher environmental policies which increase
the demand for high quality crudes and make it easier to supply the market with low
sulphur end products - Platt’s (2006a).

3For a more detailed overview of yields during topping and cracking phases see Platt’s (1999), Natural
Resources Canada (2005) and Health Administration (2007).
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As the result, the spot market is steadily emptied of the high quality crudes which
makes the traditional benchmark crudes less reliable as market indicators, since they rep-
resent only a fraction of supply to a relatively small spot market - Wilkinson (2004). This
potentially might diminish their reliability for the purposcs of price transmission analysis,
especially with the significant reliance of over-the-counter markets on spot exchange which
becomes increasingly volatile - Giilen (1997) and Giilen (1999). This issue is discussed at
length in scction 4.2.1.

With the exception of Denmark and the UK, none of the EU countrics has any signif-
icant crudc oil reserves that could satisfy the local demand, Table A.3 presents the share
of imports in the overall inputs to the refineries over the sample period (in percent). It
shows that all EU countrics rcly on imports to cover over 90% of their consumption,

The composition of those imports is diversified and difficult to re-construct based on
aggregated data. Fortunately, as pointed out by McQuilling Services Report (2006), the
country/region of origin is a valuable indicator of the quality of crude cxtracted there.
Therefore, although the exact quality composition of crudes used in the EU is unknown,
onc can assume that the shares of the Russian, US and North Sca crudes represent the
maximum shares of (respectively) Ural, WTI and Brent crudes in the EU feed. Industry
statistics presented in Tables A.4 - A.7 indicate that:

e FSU crudes tend to be the main source of refinery inputs in the majority of the EU
countries, especially those with an casy access to the Russian pipclines (Eastern and

Central Europe);

o over the last 10 ycars FSU crudes have gained market share, which might be duc to
increasing global prices and volatile supply from clsewhere. This is especially visible

in Austria, Grecce, Germany and the Netherlands;

e OPEC countrics are the sccond biggest source of feedstocks. The countrics most
dependent on OPEC crudes are Austria, Belgium, Germany, France, Greece, the
Netherlands, Spain and Portugal. The geographic pattern follows the infrastructure
and proximity to major sca-routcs uscd to transport crude from the OPEC countrics

(Mcditcrrancan Sca and Atlantic Occan);

e North Sea crude is a major source of feedstock in Denmark, Sweden, Ircland and the
UK. Its share declines which might reflect closure of the fields and growing impact
of the FSU crudcs;

4The remaining imports come mainly from the OPEC countries. Because OPEC crudes do not have a
marker crude (other than so-called reference basket) their prices cannot be included in the analysis (for
a detailed discussion see chapter 4).
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Table 1.2: Product Yiclds

Product Yields
Product Hydroskimming Cracking
Naptha 6.49 9.08
Petrol 17.00 28.56
Keroscne 9.39 8.88
Gasoil 35.98 37.45
Fuel Oil 28.41 14.36
Total 97.27 98.32
Refinery Fuel / Losses 2.73 1.68

Source: IEA - Monthly O:l Market Report - August 1996.

e US crudes are not used in the EU countries, with the exception of the UK.

Once domestic or imported crude oil is purchased it has to be transported to a refinery.
Thosc complexes are one of the world’s most expensive industrial plants - according
to Scherer (1996) a cost of one can be anything between USD 800 million and USD
2 billion, with the minimum scale of profitable operation equal to 200,000 bpd. This
effectively constrains entry into the industry and upholds the status quo with a handful
of companics opcrating upstrcam. Traditionally, until the 1990s those companics were
labelled the “Old Seven Sisters” and included ExxonMobile, Royal Dutch Shell, Anglo-
Persian Oil Company, Standard Oil of New York, Standard Oil of California, Gulf Qil
and Texaco. The Financial Times issue of 2007 March 11, additionally identifies the
“New Seven Sisters” - Saudi Aramco (formerly Aramco), JSC Gazprom, CNPC, NIOC,
PDVSA, Petrobras and Pctronas. Closed entry caused by significant entry costs results
in stable processing capacity - as for 2006, the USA has not build a new refinery in thirty
years while in Europe no refinery was built in twenty ycars - Ghanem (2005). This ensures
stable supply and pricing of petroleum products at a national level.

Bascd on the results of the analysis presented above, we start the applied analysis by
cxamining the global crude oil market in order to identify which kinds of crude lead the
price trends (scction 4.2) and the nature of the relationship between crude oil prices and

prices of its derivatives (scction 4.3).

End Products

The refining process yields several end products. Table 1.2 presents the percentage yields
and losses from the two most popular refining techniques - hydroskimming and cracking,

Since every product has different characteristics and uses, they also have distinctive
markets. The only difference is with respect to low and high sulphur fucl oil, which differs

mainly with respect to compliance with environmental regulations and in principle could
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be used interchangeably.

End Products - Midstream Prices

In Europe, finished products are refined at home from crude bought from other coun-
tries or imported from foreign refineries. In both cases, products pass through the EU
trade hub located around Antwerp, Rotterdam and Amsterdam (ARA) region - Manzano
(2005). The predominance of Low Countries in the petroleum trade results from (i) their
geographic position which facilitates the maritime trade and ensures proximity to the key
end markets (France, Germany and the UK) and (ii) their early entry into oil exploration
business (Royal Dutch Shell) - Yergin (1991).

Both imported and home-refined products are priced in a similar way (via price formu-
lac) at the same level (as the markets are liquid, some arbitrage is possible and, because of
the geographical cxpansion of international companics, commodity swaps are widespread).
Given that, the processed bulk product prices should be secen as uniform across Europe
and (unlike the internationally intcgrated crude oil markets) scparated from the global
market. Hammoudeh, Li & Jeon (2003) examine the time-serics behaviour of 22 daily
scries of spot and futures prices for three petroleum products: crude oil, heating oil and
gasoline, traded at five different international trading hubs within and outside the United
States (including the ARA region) over the period 1986-2001. The authors group prices
into five sets based on their maturity, type and location, and then investigate horizontal
/ vertical links within cach group using cointegration, error-correction representation and
GARCH modecls. The authors find that for petroleum products there is no price serics
dominating more than one international market.

Apart from straightforward short-long transactions, players buy and sell products
using invoices, remittance guides, purchase orders and swaps. As a result, fucl trade
might be casily scparated from its physical delivery. Accordingly, the activitics on the
ARA level do not involve significant sunk costs or entry barriers, which results in a large
number of companices trading.

The midstrcam ticrs comprise also national wholesale ticrs on which end products are
traded in the same currency as retail prices. Unfortunately, those prices are not available
on any consistent basis for the EU countrics. This issuc is discussed at length in section
3.2;

The last remaining problem is that the wholesale prices published by the official sources
do not account for inter-company (transfer) prices. This constrains the data to prices

paid in transactions between independent partics and excludes prices paid in transactions
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between vertically integrated wholesalers or retailers. This issue cannot be dismissed
lightly as the predominance of such companies in the oil scctor indeced suggests that their
(undisclosed) wholesale prices might be substantially lower thus giving ’tied’ resellers
substantial advantage. Fortunatcly, in this study we use prices quoted further upstream
(in the ARA rcgion) which refer to fully processed, standardized products which act as
opportunity costs both for the independent and dependent companices - Hosken, McMillan
& Taylor (2007).

End Products - Retail Prices

European Commission (1999) specifics seven major groups of petroleum products com-

monly uscd in the EU. Thosc are:
¢ motor fucls:

— ULP (i.e. premium unleaded petrol);
— LP (i.c. premium lcaded petrol);
— Diescl;

- LPG;
¢ domestic heating oil - gasoil;
¢ industrial fuels:

— RFO.1 - fucl oil with more than 1% sulphur for wholesale market deliverics;

— RFO.2 - fucl oil with less than 1% sulphur for wholcsale market deliveries.

The details of the data-gathering methodology are presented in Appendix B.

Unfortunately, while this group covers all the major markets, it is not complete. When
refined, crude oil also yields some naphtha and kerosene (jet fuel). Those products are not
covered by the standard EU statistical reporting procedures and thus are not analysed in
this disscrtation.

This analysis covers pricc transmission for the all above-listed products. This cnsures
sufficient market coverage and allows us to compare the results across products of different
uses (motor spirits and fucl oils) and different stages of development (LI is phased out,

while ULP is steadily gaining popularity).> Given that the EU refincrics have constant

50ne has to remember that the same product can be used for different purposes, e.g. heating oil can
be burnt in domestic furnaces (legal use) or used as a motor spirit (illegal use). Given that the details
about the illegal (mis)usage of energy products are not available, the above split represents the most
detailed classification available for cross-national analysis in the EU.
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and high utilization rates (Arpa, Cuaresma, Gnan & Antoinette (2005) claim it reachcs
85%), there is also no significant room for inter-product substitution. Lastly, since the
EU market has common pollution laws, balkanization of the market does not occur.®

Tables A.12 - A.16 present the yearly consumption of the products analysed (in thou-
sands metric tonnes).” The most significant trends include (i) almost complete climination
of LP; (i) growth in significance of Diescl; (iii) steady decrease in significance of less pro-
cessed fuels - RFOs and gasoil.

The data indicate a steady increasc in consumption of petroleum products, despite
their increasing prices. The most likely explanations for this include stcady cconomic
growth, widespread dependence of modern cconomics on carbohydrates, steady supply
(discussed before) and low clasticity of individual demand. Graham & Glaister (2002)
present a comprehensive overview of ca. 50 international estimates of Icaded and unleaded
petrol price clasticities. The average short-run clasticity is -.27 with a standard deviation
of .18, while those for the long-run are on average -.71 with the standard deviation of .41.
However, onc should remember that this range includes studies that disregard problems
of stationarity and spurious regression. When thosc issucs are properly accounted for,
the elasticity of the demand for petroleum products is significantly lower. Bentzen (1994)
analyses the Danish market and finds the price elasticity equal to -.32 and -.41 respectively
in the short and long run. Samimi (1995) repeats the exercise for Australia and finds
elasticities equal to -.02 and -.12. For Kuwait, Eltony & Al-Mutairi (1995) find elasticities
equal to -.37 and -.46, while Ramanathan (1999) finds the values for India to be equal
to -.21 and -.32. Posner (2002) reports values of other studics, concluding that even the
doubling of retail prices would only bring a 4% decline in demand for motor spirits. While
comparable clasticity estimates for petroleum products other than ULP are not available,
they should not be significantly different.

Last but not lcast, despite ongoing integration within the EU, the member states
retain significant discretion over taxation of petroleum products and use it to strengthen

their national budgets. As stated by Joumard (2002, p. 112):

(...) fuel and vehicle taxes have usually been introduced for fiscal rather than
cnvironmental reasons. (They) rcpresent a much higher share of GDP in the

EU countrics than in most other OECD countrics (...)

The resulting differences in taxation of petroleum products combined with the freedom of

6Balkanization of the industry refers to a situation when different countries introduce their separate
laws (mainly related to environment) which prohibits products from being traded internationally. Posner
(2002) argues that this might have a significant impact on pricing policies in the USA.

7The monthly data used for the calculations do not include MT,
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movement within the EU (due to the on-going implementation of the Schengen accord)
can in principle lead to some cross-border purchascs of cheaper (duc to lower taxation)

petrolcum products. This introduces a new, horizontal dimension to the petroleum price

transmission.

1.4 Research Aims and Outline of the Thesis

Given the importance of analysing price dynamics in petroleum markets discussed above,
this rescarch has several aims. Firstly, to review the evidence on asymmetric price trans-
mission presented so far and asscss the economic and cconometric frameworks used to
date. Sccondly, to analyse the patterns of causality and endogencity in petroleum mar-
kets and address the above-described issues regarding crude oil supply structure. Thirdly,
to conduct a cross-country, -product and -ticr analysis of non-lincaritics in price trans-
mission that accounts for the specifics of the EU markets, in particular the presence of
the ARA trading hub. Fourthly, to review the theorctical underpinnings of asymmetric
price transmission and assess their applicability to the casc at hand. We also attempt to
analyse whether the geographic and economic diversity of the EU countries (in particular
differences in taxation) can affect price transmission via cross-country linkages.

This chapter has outlined the overall framework of this thesis and justified the under-
taking of the rescarch. We started with a presentation of the research problem and dis-
cusscd its significance. We proceeded with an overview of different kinds of non-lincaritics
and presented a uniform classification to be used throughout this thesis. We also sketched
the EU price chain, discussing its rcliance on numerous imported crudes, importance of
the ARA trading hub and constraints coming from insufficient data on national wholesale
market and increasing vertical integration.

The outline of the rest of this disscrtation is as follows. Chapter 2 explores the esti-
mation techniques. We review the available cconometric tools employed in the literature
from the point of view of their reliability and usability. The idea is to discuss their defi-
cicncics and identify a supcrior sct of tools that could be applied in the price transmission
analysis. Chapter 3 discusses cxisting rescarch utilizing those techniques. We focus on
areas for improvement outside the field of econometrics, which when properly addressed
could bring the rescarch closer to the cconomics of price transmission. The focus is on
quality and reliability of the data and the functional depiction of the transmission. Chap-
ters 2 and 3 both draw heavily from Wlazlowski (2003a) and Wlazlowski ct al. (2006) and

aim at identifying room for improvement to be addressed further on in the dissertation.
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Chapter 4 applies the econometric tools identified as appropriate in chapter 2 to anal-
yse price transmission and to address the drawbacks in the previous literature identified
in chapter 3. We start with an in-depth analysis of the global erude oil markets and iden-
tify crudes that act as markers and lead the global encrgy markets. Those crudes reflect
the true price information and are best suited to be used in the price transmission study.
Following that, we analyse the relationship between the identified marker crudes and re-
tail prices in order to account for previously neglected issues of endogencity and long-run
relationship between prices. This allows us to analyse price transmission without the in-
ference from other factors and in line with the cconomic propertics of the market. Chapter
4 is based on Wlazlowski (2003a), Wlazlowski ct al. (2006) and Wlazlowski (2007).

Chapter 5 analyscs the transmission from Brent oil to retail prices via mid-strcam ARA
markets utilizing the set of non-linear estimation tools identified in chapter 2. Based on

those tools we improve on the previous studics by:

¢ accounting for the non-lincar cointegration with the application of tests from Kapetan-
ios, Shin & Sncll (2006);

e testing for the presence of non-lincaritics in the equilibrium restoring process using

tools developed by Terésvirta (1994);

e establishing the character and welfare effect of the non-linearities, by applying the

testing strategy developed by Escribano & Jord4 (2001);

e cstimating the propertics of the non-lincar process of equilibrium revision and sim-

ulating the market adjustment to upstream price shocks.

The analysis presented in chapter 5 improves past rescarch which did not test for
the presence of non-lincaritics and / or assumed only one particular kind of non-lincar
behaviour. Last but not least, previous litcrature did not analyse the actual dynamics of
the adjustment, focusing on one part of the adjustment and neglecting the impact of the
auto-regressive part of the models. Our study shows that this approach might lcad to
overestimation of the welfare transfer and, as such, can affect the results of the analysis.
Chapter 5 is based on Wlazlowski, Binner, Giulictti & Milas (2007a).

Finally, chapter 6 tics up the loose ends of the analysis by addressing the issucs of
robustness of the analysis and the impact of cross-country dynamics on price transmission.
We also review the explanations of APT phenomena presented in the literature and discuss

their applicability. This chapter is based on Wlazlowski, Binner, Giulictti & Milas (2007b).
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In chapter 7 we summarise the contribution of this rescarch, present policy implications

resulting from this work and evaluate the research process.
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Chapter 2

Modelling Techniques

This chapter describes the modelling techniques which can be employed in the APT stud-
ics. It draws heavily from Wlazlowski (2003a), Wlazlowski ct al. (2006) and Wlazlowski
ct al. (2007a) and attempts to guide the rcader through the developments in the esti-
mation techniques employed in the literature since the carly 1990s and to present the
STAR modecls which were not previously applied in this context. The aim is to facilitate
the understanding of the literature review presented in chapter 3 and to discuss relative

strengths, weaknesses and suitability of various modclling techniques.

2.1 Notation

The following notation is used throughout this and the following chapters:

e z, denotes the upstream price (MSP or USP) at time ¢ (might be in logs);

v denotes the downstream price (MSP or DSP) at time ¢ (might be in logs);

ex, denotes an exchange rate between upstrecam and downstream price currencics

at time ¢ (might be in logs);
o ¢ denotes contemporancous time period;
o T / n stand for the length of period analysed (sample size);

a / & stands for the constant in LR equilibrium equations or ECMs;

o & stands for the coefficient in the LR equilibrium equation;

o Az, denotes backward difference, so that Az, = 7, — 2415
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Az, if Az >0
DiEAIg <0

01f&$;>0

[ ] (AI;)+ = .
Az, if Azy <0

and (Azg)‘ = [

e * and ~— denote coefficients on variables split in a Wolfram's manner as described

above;
e ¢ / v denotes a disturbance in a lincar stochastic equation that is:

— scrially uncorrelated with mean zero and variance o2, and

— uncorrclated with all variables on the right-hand-side of the equation;

e discquilibrium in the LR equation is said to be positive when y;-3 — 8 — 81241 > 0,
i.e. when current price is above its long-run cquilibrium level, distributors’ margins

are enlarged and the adjustment requires lowering the downstream prices;
e EU denotes the member states of the European Union, including:

— “old” EU-15 countrics, i.c. Austria, Belgium, Denmark, Germany, Finland,
France, Greece, Italy, Ircland, Luxembourg, the Netherlands, Portugal, Swe-
den, Spain and the UK;

— “new” EU-10 countrics, i.c. Cyprus, the Czech Republic, Estonia, Hungary,
Lithuania, Latvia, Malta, Poland, Slovakia and Slovenia;

e “Euro-zone” denotes countrics that have introduced the common EU currency, i.c.
Austria, Belgium, Germany, Finland, France, Greece, Ircland, Italy, Luxembourg,
the Netherlands, Spain and Portugal.

When discussing statistical significance, the standard 5% is assumed, unless stated

otherwise.

2.2 Price Transmission Models

This scction attempts to classify various models used in price transmission analysis. We
start with modecls of LR cquilibrium relationship between upstrcam and downstrcam prices
and then proceed to models of asymmetrics in the revision to that cquilibrium.
Following Gewcke (2004), Meyer & Cramon-Taubadel (2004) and others we omit the
portion of litcrature that disrcgards the issucs of spurious regression, as specified by Engle
& Granger (1987). The carly inquirics into APT which disregard the order of integration

and presence of long-run relationship sufler from issues of spurious regression which makes
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them unrcliable for the purposcs of APT analysis. For cxample, Karrenbrock (1991)
claims to find the signs of APT in the USA, but when his dataset is revisited by Shin
(1992) with the help of techniques that support use of the error-correction mechanism,
the results indicate no signs of APT - sce Cramon-Taubadel (1998) and scction 2.2.3 for
further details.

Furthermore, we focus on the methodology applied to cnergy markets. While this
could be scen as an unnccessary constraint, cross-industry studics and meta-analyscs by
Meyer & Cramon-Taubadel (2004) and Frcy & Mancra (2007) indicate that studics in all
industries share the same models and approach to APT. In fact, thanks to its importance,
energy product price transmission analysis is usually the first to apply any new (usually
sophisticated) methods and lcads the development of methodology. As such, the decision
to focus this review on models applied to petroleum markets is justified.

All of the models discussed analyse non-linearities in a deterministic framework, i.e.
assume the presence of distinct regimes into which actual obscrvations fall with certainty.
While this strict approach does not reflect the true unpredictability of the market and
imperfections in market monitoring / data gathering procedures, it has its advantages.
In particular, it allows the rescarchers to pinpoint periods of time in which a modelled
regime was observed which leads to additional conclusions with respect to origins and /
or conscequences of APT.

The altcrnative approach based on the stochastic framework introduces the clement of
uncertainty into the regime change process, simply by replacing the deterministic regime-
switch function with a Markov process which represents the probability of switching from

rcgime j into ¢ at time ¢ conditional upon the last period’s state:
P[S; = i|Si-1 =j] = p,; (2.1)

Such a stochastic approach based on Hamilton (1989) finds little application in price
transmission studics - so far only Radchenko (2005) and Wlazlowski ct al. (2006) uscd it
in the petroleum product price transmission analysis. The former focuscs on the Baycsian
estimation, while the latter uscs it as an auxiliary tool, nccessary to confirm the results

of the deterministic tools.

2.2.1 Types of Models - Long Run Models

Although relative demand and prices of petroleum products and crude oil vary over time,

thanks to low demand clasticity, stable supply and agents’ ability to adjust the production
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/ distribution mix and (more importantly) to store the finished products, relative prices
between those commoditics remain fairly stable - Denni & Frewer (2006). The above,
coupled with the fact that petroleum products are used worldwide in a plethora of roles,
strongly suggests the cxistence of a LR relationship between commoditics’ prices. In this
scction we discuss how such a relationship can be modelled within the price transmission
framework.

Testing for APT hinges upon the manner in which downstrcam prices revert to the
LR equilibrium dcterminced by prices upstream. Therefore, to test for the presence of
APT, one must first define that equilibrium relationship. In the traditional TP analysis
the equilibrium is assumed to be a stcady-statc one, described by Nocl (2007a, p. 4) as
a “simplcton”. In such a long-run state, it is assumed that in the abscnce of upstrecam
shocks today, the price would stay at last period’s level. This is not necessarily the case,
as it is possible that downstrcam prices would move on their own in absence of upstrcam
changes. Such a situation might exist in the SR in a small market, when retailers are
engaged in undercutting cxercises, modelled by so-called Edgeworth cycles - sce Maskin
& Tirole (1988) and section 6.2.3 for further details. The simplified version remains the
standard workhorse applicd to aggregated data.

The literature differs with respect to one or more of the following assumptions regard-

ing modeclling of such a stcady-state equilibrium:

¢ number of the transmission ticrs analysed;

cost factors present at cach tier;

e time structure of the transmission;

functional form of the relationship;

geographic scope of the rescarch;
e product scope of the rescarch.

Below we analyse each of them in detail.

Number of Tiers

As the first step in analysing the price transmission, one must establish between which
tiers the modelled transmission takes place, i.e. define from where in the supply chain
the prices should be taken. Since there is no consensus in the literature on how to

define the transmission tier, in principle every single stage in the process at which a
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new cost is added can be denoted as one. For practical purposes, however, it is possible
to determine the main stages along the transmission chain, cither based on technical /
chemical transformation undergone by the product (extraction of the crude oil, refinement
into the end product) or on the cconomic transformation (sale to the end users). This is
the approach we take in this study. Given such a definition, the applied literature covers

transmissions between:
e crude oil and wholesale markets (dircct transmission between adjacent ticrs);
¢ wholcsale and retail markets (ditto);!

e crude oil and retail markets (indircct transmission).

Input Costs

By definition of the price chain, prices downstream are a sum of upstream costs and
valuc-added costs present at the appropriate transmission level(s). Bascd on the above,
onc might define y = f(z, 2), where z stands for a vector of other variables (in principle
costs other than USPs present at analysed tier(s)).

In the simplest casc z = 0, but whenever transmission takes place between tiers on
which prices are expressed in different currencies, one can enrich the LR model by allowing
for z = ez. On the basis of the nature of the costs present at the tier(s) analysed, LR

modecls can be thercfore divided into:
¢ onc-input modcls with z = 0;
¢ modecls with more than one cost source with z # 0.

So far the most significant attempt to adjust the LR model by introduction of addi-
tional variables (other than the nccessary exchange rate) is by Kaufmann & Laskowski
(2005) (sce scction 3.1 for further details), who tried to introduce refincrics’ utilisation

rates and stock levels into the LR equation.

Time Structure

In the simplest case, DSPs depend on contemporancous USPs, so that y, = f(zy, 2¢).

Since the transmission might be inter-temporal (as frequency of the data might not be in

1A finer distinction could be made between international wholesale markets that usually do not involve
physical deliveries - spot markets, and national wholesale market, at which the physical delivery takes
place. Ilowever, such a split does not facilitate cross-study comparisons as definitions of market tiers
differ between countries - see chapter 3 and what is a wholesale market for one country (e.g. NY for US,
ARA for Benelux), might be a spot market for the other.
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line with real transmission), in some casecs it might be more appropriate to assume that
W= I(zh Loy s Tp—in " "y Tten=y 24y Zp=1y" " "y Zp=iy** * zl—'l'l')'

Bascd on the assumption of the time structure, LR modecls can be divided into:
e onc-period models n* = n* = 0;
e multi-period models n* > 0 and / or n* > 0.

Again, the suitability of a particular LR rcpresentation depends on the real-life market

dynamics and level of aggregation of available data.

Functional Form

Most of the rescarchers focus on two major functional forms characterising the relationship

between USP and DSP, i.c.:
e lincar function, under which y, = 6y + 6,2, or
¢ Cobb-Douglas function, under which y; = dozf'.

The choice between those functions has scrious implications for the LR cquilibrium

price - Manning (1991). In particular:
¢ Cobb-Douglas function assumes:

— constant percentage margin / mark-up on costs;

~ constant elasticity of downstrcam prices with respect to prices upstrcam;
o lincar form assumes:

— constant monctary margin;

— variable clasticity.
The choice also affects the efficiency of estimation itsclf - as specified by Borenstein,
Camecron & Gilbert (1997), the Cobb-Douglas function can casily transform the quadratic

trends in data into lincar oncs which arc casicr to dcal with using the standard OLS

estimation.

Geographic Scope

Crude oil and its derivatives arc traded internationally and processed / used in virtually

every country around the world. The geographic scope of the applicd rescarch is, however,
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significantly constrained. The most commonly analysed markets include UK and US. The
less popular national markets include Canada, France, Germany, Italy and the Nether-
lands. For a more detailed discussion sce scction 3.2.2. Last but not lcast, all previous
studics analyse the price transmission in a single country setting, with no cross-border

effects - see section 6.1 for details.

Product Scope

Although the crude oil refinement yiclds several end products, APT studics focus on only
some of them. The most commonly analysed petroleum products include 4 stroke engine
fuel (ULP /LP) and Diesel. The petroleum products targeted to legal entitics (RFOs and
gasoil) are usually not analysed. Similarly, the APT studies do not analyse more than

onc product.

Summary and Conclusions

The modcls described above are used to analyse the long-run relationship between up-
strecam and downstrcam prices. In the next part of this chapter we review models used in

the literature to test whether the adjustment to that equilibrium is symmetric.

2.2.2 Partial Adjustment Models

Introduction

Historically, PAMs were the first to modecl the revision of downstream prices to their LR
cquilibrium, in linc with the concept of cointegration. However, thosc models do not
allow for testing for the existence of LR equilibrium. Therefore, their uses are limited and
“genuine” PAM models were quickly replaced by their descendants - ECM models. This
section briefly discusses their characteristics and features, focusing on their deficiencies
and the way the next gencration models overcame them.
A genceral model of this class assumes that equilibrium is restored according to the
following modcl:
Ay =7(ye-1 = ¥;) + & (2.2)

where y} describes equilibrium price at ¢ and v expresses the convergence speed, at which
this arbitrarily defined cquilibrium is restored.? The main difference compared to the

mode developed models (ECMs) is the lack of a consistent definition of ;.

2[p (2.2), v has to be positive, otherwise the actual and equilibrium values would diverge.

43



APT Analysis

Bacon (1991) proposed using PAMs in APT studics by incorporating squared discquilibria

into (2.2) which results in:

Aye =1(@-1 = ¥) + @1 -4 + & (2.3)

Bacon (1991) defined y* = 6‘2’:;“_" with lags (s and v) determined so as to obtain “preferred
results” - Bacon (1991, p. 17). This arbitrary choice of key cstimation clements illustrates
the greatest drawback of PAM, i.e. discretion in determining the equilibrium price.

The PAM model in the version proposed by Bacon (1991) assumecs that the long
run equilibrium is achicved by climinating a portion (v;) of the disequilibrium and this
adjustment is regime-specific, in the sense that this adjustment might be increased (if y; >
0) or decreased (if 42 < 0) by a square of the disequilibrium. This additional quadratic
term is supposcd to capture APT, with DSPs responding faster to USPs increascs than to
decrcascs if 43 < 0A 2 > 0, and the opposite for 4; < 0 A4; < 0. However, when defined
this way, the cxtent of asymmetry increases together with the size of disequilibrium, which
might not nccessarily be truc.

In the late 1980s, additional models were advocated, but failed to attract any attention.
In particular, Bewley & Fiebig (1990) propose an estimation of the LR coefficient using

a transformation of the autoregressive distributed lag system in the form of:
QA (L)y: = @B (L)z: + € (2.4)
where ®4(L) and ®°(L) arc lag polynomials of orders m and n, into:
o = (L) Ay, + iz + PP (L) Az, + 1, (2.5)

where d; is the LR value of the cocfficient, obtained using the 2SLS under the assumption

that:

m Ars
e the ith element of the ®°(L) polynomial cquals -—Eﬁ%—u—); and

n Br:
e the ith element of the ®P(L) polynomial cquals __,_E_(_)__E ’qj“:’ (’)_
In principle, as advocated in Bewley & Ficbig (1990), the above-described transfor-
mation should provide a convenicnt framework for estimating SR and LR clasticitics,

together with their standard errors. However, given the additional computational burden
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(estimation should be done by 2SLS or minimum expccted loss estimation) and a num-
ber of unanswered questions about the model (i.e. existence of extreme estimates in the
cmpirical work and small sample propertics - sce Bewley & Ficbig (1990, p. 349)), this
approach failed to gather support.

Assessment

While suggestive and simple, PAMs suffer from several significant drawbacks which caused
them to be quickly discarded once the ECM framework was fully developed. The most
important drawback is that PAM docs not offer a framework to test for the presence of
spurious regression between I(1) variables. Given the widespread presence of first-order
integrated scrics, this basically invalidates inference based on PAM results. Another
drawback of gencral PAMs is that, given the theorctical vacuum, rescarchers have to
arbitrarily define y;, which prohibits testing for the presence of APT. Furthermore, while
accounting for the LR adjustment, PAMs disregard SR adjustments. Those problems

were addressed in the next generation of models, i.e. ECMs.

2.2.3 Error Correction Models
Introduction

As pointed out by Engle & Granger (1987), OLS cstimation using stationary time scrics
can lcad to spurious results, unless there is a linear combination of those series that is
1(0). If that is the case, the serics in question are related to cach other and revert to an
equilibrium after shocks. This cquilibrium reversion takes place in a framework described
by Engle & Granger (1987) as crror correction model - ECM.

Two common specifications of ECMs are based on:
e two-stage, scquential estimation of:

1. the “long run” relationship between USPs and DSPs, i.c.:
Yo = b+ + € (2.6)

from which the cstimates of disequilibrium (e;) are taken and used to estimate

2. cquilibrium-reversion speed, i.c. 7 in the error-correction cquation:

A =ve1+ 1 (2.7)
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e simultancous cstimation of the “long run” rclationship betwcen USPs and DSPs,
i.e. y: = do + &1 + € and the cquilibrium-reversion specd, i.c. v, as prescribed by
Stock & Watson (1993):

Ay = Y(Yyi-1 = do — S13-1) + 1y (2.8)

The differences between two specifications are related mainly to the small-sample
propertics. As argued by Bancrjee, Dolado, Galbraith & Hendry (1993), simultancous
estimation of LR and SR parameters results in lower rate of convergence of LR clasticity
of DSPs with respect to USPs. This is due to the fact that this parameter is cstimated as a
product of two variables with ¥/7' convergence rate. This reduces the overall convergence
of LR pass-through to only 7.

ECM specified according to Stock & Watson (1993) can be easily converted to ARDL
specification, so that the models could account for possible production and distribution

lags - sce scction 2.2.1. For example, the following ARDL model:
=7+ Y+ BiTi-j+u (2.9)

i=1 =0

can be easily converted to the following ECM model:

Ay =7+ (=14 Zhay ok)ye-1 + (Tieo Bi)Te-1

(2.10)
= Z?;ll (2?=j+1 Bi)Azy-j + Poldzy — Z;;]i(z’{-zk-l-l ) Ay—k + v

Equations (2.7) and (2.8) can further be enriched by allowing for short-run dynamics in:
e downstrcam prices:
m
Ay, = BiAzi—; + Y(Yi-1 = b0 = 81Z¢-1) + 11 (2.11)
=0
¢ downstrcam and upstrcam prices:

Ay =Y Dy + Y BiAZj + 7 (Ye-1 — o — 612e-1) + 14 (2.12)

=1 i=0

APT Analysis

Asymmetry might be introduced into ECMs in a number of ways, but the most common
method includes splitting left-hand-side variables in the manner first proposed by Wolfram

(1971). When applicd to (2.11), such an approach can result in models accounting for:
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¢ SR asymmctry:®

Ay, = Z;"::) 5}'(Aftt—j)+ + Tito By (Aze—)™

(2.13)
+7(Ye-1 = 6o = 617-1) + 1
e LR asymmetry (as proposed by Granger & Lee (1989)):
Ay, = YoBidz-j+ 9T (-1 — o — 6124-1)*
(2.14)
+Y" (Ye-1 = o — Q1 7e-1)" + 14
e LR and SR asymmetry:
Ay = TFobF (Azi-j)t + T B (Azi—i)”
+7+(yt—l - 60 e JlIt—l)+ + 'T-(yg_l . 50 - (5;.\"‘.‘;_1)- (2.15)

+y

Equation (2.15) represents the most general specification of the ECM class of models
used to scarch for LR and SR asymmetrics. When combined with (2.12) it becomes:

Ay = Thyalbyer+ X0 B Az )t + T B (ATe—i)
+Y M (Yi-1 = Go = 01xe-1) Y + v (Yi-1 — S0 — G1201)” + (2.16)
+uv,

which in turn might be modified to allow for asymmetry by splitting the lagged down-

stream price changes:

Ay, = E?:]. of (Aye-1)* + ey of (Aye—i)™
+ 70 B (Bze-g) " + T A (Aze—i)”
+7* (Ye-1 = Go = 61 %)t + v (Ye-1 — o — G174-1) ™

+uv,

(2.17)

As proposcd by Borenstein ct al. (1997), equation (2.17) can be used to calculate
the measures of the degrees of APT, This measure allows the rescarcher to analyse the
cumulative impact of APT after i = 1,2,...,n periods following a unit increase in the
USPs (denoted S /=) according to the following model:

30ne has to remember that with introduction of asymmetries to ECM, the interchangeability of ARDL
and ECM models does not follow (2.10). Instead, if one wants to add Wolfram-type variables to (2.9)
the resulting model would be (2.15), rather than (2.13).
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I

So = B¢

St = 8§ +Bf +v(S5 - 61) + ef maz(Sg, 0) + aymin(S¢,0)

S = ST+ B3 +v*(Sf — &) + [af maz((S} - SF),0)
+aymin((Sf - 57),0) + af maz(S§, 0) + a7 min(Sg, 0)]

Sf = Sf+pF +v*(5F = &)+ [af maz((S} - S7),0)
+aymin((Sf — S5 ),0) + a3 maz((S3 — St),0) (2.18)
+a;min((S5 — S7),0) + agmin(SF,0) + aimaz(Sg, 0)]

]

St= Si_1+ Bt +7(Sa-1 = &)
+ T2 of maz((St_; — S}.i-1),0)
+ai_min((8:—i = S:-i-l)‘o)

Accordingly, the cumulative APT following an unit decrease in the USPs, would be;

So = By

Sy = S5 +B8r +7(Sy = &) + af maz(Sy,0) + ay min(Sy , 0)

Sy = Sy +65 +77(ST - 61) + [t maz (S} ~ 57),0)

+aymin((Sy — S ),0) + a3 maz(Sy, 0) + a3 min(Sy, 0)]

S5 + 65 +77(S5 - 61) + lat maz((S} — 57),0)

+aymin((ST = Sp),0) + a3 maz((S; — S7),0) (2.19)
+a;min((S7 — S7),0) + agmin(Sy,0) + a3 maz(Sy,0)]

Sy

S;= S4By +7(Sho1— )
+ Xy of maz((Sp_i — Sp-i-1),0)
+a; min((Sp-; — Sp-i-1),0)

Unfortunatcly, both proxics are computationally burdensome and as such not widely
employed in the literature.

Two different ways of introducing the APT in the ECT adjustment arc proposed by
Granger & Lee (1989) and Drifficld, Ioannidis & Pecl (2003) and involve:

e splitting ECT according to the dircction of upstrcam price change:

{ to = I(Azy > 0)e -

= I(A.‘L'g < O)E;

48



e or using its modulus:

Ay = LT85 (Bi-5)* + T B 4 (Azes)”
+7(Ye-1 = 81,0) = S Ze-1) + ¥™|(¥e-1 = S0) = Sy ze-1)]  (221)

+u

Onec has to remember that just as in the case of normal ECMs, also the asymmetric
versions can be used for inference only if they account for the presence of LR equilibrium.
If the lagged residuals from the level equation or lagged level variables in the form proposed
by Stock & Watson (1993) are not present, the cstimates of APT are biased and not

reliable.

Assessment

Testing for the SR asymmetry in the ECM framework can be based on:

o individual tests of significance of difference between SR responses (Ho : 8 = ;)

for a given ;

o the method proposed by Bettendorf, der Geest & Varkevisser (2003), i.c. testing
the null of equality of all SR coefficients (Hj :V,‘=1W_'m(m+‘m_}ﬁj' =07)4

o if m* # m~, using the method proposed by Ye, Zyren, Shore & Burdette (2005)
(HD : Vi:l.....min(rn"‘ .m“}ﬁ;ﬂ- = 61-)

The above-listed methods allow for straightforward testing for the presence of SR APT,
but their propertics arc far from desirable. According to Ye ct al. (2005), the method
proposed by Bettendorf et al. (2003) is excessively conscrvative, as the assumption that
the coefficients on missing lags are equal to zero biases the test to under-rejecting the null
of SPT. Several studics have shown that thosc testing strategics have low power in the
asymmetric ECM framework (Cook (1999) and Cook, Holly & Turncr (1999)) and both
Galcotti ct al. (2003) and Grasso & Mancra (2007) advocate bootstrapping the standard
tests to overcome that problem.

Furthermore, as described above, apart from the fact that one cannot casily and with
confidence test for the prescnce of APT, estimating its extent is also difficult and requires
simulation of convoluted modecls given by (2.18) and (2.19).

Similarly, onc should remember that although only two regimes exist for cach variable,

the overall number of regimes, i.e. combinations of coefficients, is a function of past val-

40ne has to assume that for different lags the lacking coefficients are equal Lo zero,
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ucs of USPs and DSPs which dircctly depends on the lag structure chosen. For example,
the maximum number of regimes in (2.17) cquals 2mez(m*m™)+maz(n*.n") This prohibits
tracking down the cxtent of APT over time and identifying the impact of cconomic de-
velopments on APT.®

The last reservation towards ECM models was voiced by Chen, Finney & Lai (2005, p.
236) and is concerned with the way those models misinterpret market behaviour. Consider
two altcrnative situations: (i) at ¢ costs upstrcam increase by 5 units and then decrease
0.1 unit at ¢ + 1 and (ii) at ¢ costs incrcase by 4 units and then increase once more by
0.9 unit at ¢ + 1. The end result is exactly the same in both cases, but the ECM modecls
(2.13) - (2.17) treat them in a different way (the first case would trigger a regime switch,

the sccond would not).

2.2.4 SETAR Models

Introduction

The casicst way to avoid problems with unmanageable number of regimes and their in-
consistent classification is to create a system in which at one point in time all variables
belong to the same regime and where changes depend on the value of a significant market
indicator. Such systems stem from simple autoregressive models. Below we discuss their
main features.

Consider a simple AR(p) model, as defined by Box & Jenkins (1970) for a time series
€8

€ =+Ne-1+Y€-24 ... +Yplt-p+ W (2.22)
where:
o ; fori=(1,2,...,p) are the AR cocfficients assumed to be constant over time;
iid

o ¢ ““WN(0,0?) stands for white-noise crror term with constant variance,

or written in a vector form:

€ =Xy+on (2.23)
where:

o B = (1, €-1,€-2,-- -, €-p) is a column vector of variables;

5A possible solution to this problem would involve recursive / rolling estimation of 8+ and 4*. This
approach is used in Reilly & Witt (1998) and Wlazlowski (2003a).

6In this section we present SETAR models for disequilibrium ¢,. Alternatively, one can model one
ECM per regime.
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e 7 is the vector of parameters 70,71, 72y« Yp-

Since those models assume constant valucs of all parameters, they cannot deal with
a number of rcal-lifc phcnomena commonly observed in the benchmark scries (the fa-
mous examples include sunspots, lynx and blowfly datasets). Such features include non-
normality, asymmectric cycles, bi-modality, non-lincar rclationship between lagged vari-
ables and variation of prediction performance over state-space.

A simple way of overcoming those problems would be to introduce a mechanism that
allows for changes in the model paramecters. In the next generation of AR models, such
phenomena are modelled as regime switches triggered by the weakly exogenous variable
w, surpassing a given threshold - hence the name Threshold AR models - TAR. In such

a sctting, equation (2.23) becomes:
& = Sy + oWy, if rj-1 <wy <7j (2.24)

where:

o 79 is the vector of parameters 4, 79,48, .., 3,}, governing the process in j**

rcgime (assuming that the AR process is of the order pY) in that regime);

¢ —00 =79 < T3 <...< Ty =00 arc k — 1 non-trivial thresholds dividing the

domain of w, into k different regimes;
o j=1,2,....k

In cach of the k regimes, the model collapses to a simple AR(p) process governed by a
different set of p variables 4.7 Generally, for TAR(k) modecls, there are k+ kp unknown
paramecters © = (Y1), 9@, 48, 0®) 0@ . o®),

When w; = €4, with d (called delay parameter) sct to be a positive integer, the dy-
namics of ¢; arc determined by its own past values. After such a sclf-govcming mcechanisms

thosc models are dubbed Self-Ezciting TAR or SETAR.

APT Analysis

Dcpending on the model analysed, SETAR(k) class models can be used to test for a

plethora of non-lincaritics in price transmission, including those causing:

e lcvel shifts - if only 7 is assumed to differ between regimes:

"For the sake of the simplicity, it was assumed that the time series follow AR(p) in every regime. Of
course, p might differ for each of k regimes.
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o slope shifts - if other o parameters are assumed to differ between regimes;
¢ additive outliers or innovation - if o is assumed to differ between regimes,

or any combination of the above.

In order to develop threshold-type models, it is necessary to test for the presence
of non-lincarity in the scrics in question. The null is usually that the scries follows
AR(1)/SETAR(1), while the alternative assumes SETAR(j), with j > 1. This poscs a
nuisance parameter problem as certain parameters to be estimated are only identified
under the alternative hypothesis (sce Davics (1987) for a comprchensive overview of the
traditional large-sample theory). Two distinct ways used to overcome this problem in the

litcrature are:
e arranged autoregression and Tsay’s F Test;
e Hanscn's sup-LR Test.

Below we discuss both methods in detail.

Tsay's Approach

Tsay's approach centers on the usc of an arranged autorcgression with RLS cstimation.
In an arranged regression, the cquations in (2.24) for t = maz(d,p) + 1,...,n arc sorted
according to the threshold variable €4, which might take any valuc in Yy = €3,...,€4-4q,

where h = maz(1,p — d+ 1). Thosc sorted equations arc as follows:

€r; = Xm¥ + OVr, (2.25)
where:
ei=12,...,(n—-d—-h+1);

e m; valuc of the index in the original sample such that €, 4 is the i-th smallest value
in Ya.>

In such a sctting, for a SETAR(2) model, if there are m < n valuces in Y4 smaller than
a threshold 7y, then the first m cquations in (2.25) correspond to the first regime, while
remaining cquations correspond to the sccond regime. Similar reasoning applics to the
structures of higher order. Thus, a simple rcordering reduces testing for non-linearitics to

testing for structural change of autoregressive parameters in the arranged regression.

8For example, if €33 is the smallest value in Yq, then m=33+d, if ¢sq is the second smallest value in
Y4, then mp=56+d, etc.
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To test for the existence of the threshold regime, Tsay suggest computing RLS es-
timates of 4 in (2.25). If no threshold non-lincarity cxists, the standardised predictive
residuals g€y, from (2.25) should be white noisc and orthogonal to X,,. However, if ¢, is
a SETAR(j) process with j > 1, the RLS estimates of 4 arc biased and ¥ in the following

auxiliary regression should be statistically significant:

be = S U + vy (2.26)

To test for threshold non-lincarity in the model above, a conventional x,/_p (where n’
is the number of available obscrvations and &’ is the number of regressors in X ) could be
used. Chan, Wong & Tong (2004) propose that the number of the start-up obscrvations
should be sct as (n/10) + p.

After rcjecting the null of no threshold non-lincarity, the next stage is to estimate the
unknown parameters of SETAR(j). Tsay suggest identifying the delay parameter (d) and
the thresholds (r;) first and then LS estimation of © with given thresholds and dclays.
Given enough obscrvations in cach regime, LS estimates are consistent.

For a given p, Tsay suggest choosing d such that:

d= arg max F(p,v) (2.27)
where:
e F(p,v) is the F statistic of the auxiliary regression (2.26);
e pis the order of AR;
¢ v is the delay parameter;
e s is a sct of valucs of d to consider.

Tsay (1989) also suggests use of onc of the two ocular cconometric tools for identifying

the threshold values:

e a scatter plot of standardised predictive residuals (€5,) versus the ordered threshold

variable, and

o a scatter plot of the ¢-statistics of the residual LS estimates of 4 versus the ordered

threshold variable.

Both plots might reveal structural breaks in the re-ordered scrics occurring at the values

cqual to the threshold values in the original scries.
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Hansen’s Approach

Although Tsay's procedure is simple and intuitive, it requircs a number of arbitrary
assumptions about the nature of the process, especially the threshold values. An alterna-
tive approach, advocated in Hansen (1997) and Hanscn (1999) requires joint estimation of
threshold, delay parameters and autoregressive values, together with the AR coefficients.

In Hansen'’s approach the vector of AR parameters © together with thresholds —oco =

o <T1 <...< 71t =+00 a can be cstimated by LS as:

o i 1 N
argmin6%(ry) = argmin = 5 _ & (2.28)
w,d wy,d t=h

by scarching over:
e all possible delay parameters d €]1,d[; and

e all acceptable (i.e. non-trivial) threshold values w; for each of the dclay parameters;®

so as to minimise the RSS from the fitted model. Once the model minimising RSS is found,
for a given valucs of w, and d onc can estimate © = (y(), 4, oV, ) by traditional LS.
Such a procedure leads to super-consistent estimates of the threshold and AR. cocefficients
in cach regime - Chan (1993, p. 520) but is time-consuming and involves di computations,
where d is the maximum dclay parameter d and 1 is the number of possible thresholds for
every delay parameter. To reduce the computational burden, instead of the full sample,

w, can include:

e trimmed sample - Abdulai (2002) recommends removing top and bottom 15% from

the calculations; or
o quantiles of the sample, as advised by Harris & Silverstone (2000).

Those computational tricks work rcasonably well for k£ = 2,3. For modcls with a
number of regimes greater than 3, Hansen (1999) suggests using a computational short-
cut proposcd by Bai (1997) and Bai & Perron (1998) instcad of a full grid scarch over all
possible thresholds (which would involve di® ") estimations). The reasoning is that if the
true underlying model of the series is in fact SETAR(3), but the mis-specified SETAR(2)
model was estimated by LS:

e the delay parameter d from the SETAR(2) will be a consistent for the truc delay
parameter from the SETAR(3) model, and

9]1ansen (1999) also stresses that every regime should contain a minimal number of observations, for
example 10%.
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e the threshold estimate ry will be consistent for one of two thresholds from the real
SETAR(3) model - (ry,72).

Given the above, onc can estimate a SETAR(3) model by simply running a SETAR(2)
model, obtaining d and r;, then estimating the remaining paramcter 7, (enforcing d
and 7 to be cqual to the values obtained in SETAR(2) modcl) and then using rp to
get consistent estimate of r;.  This trick allows researchers to reduce the number of
computations neccessary to estimate SETAR(3) from 72  d to approximately da + 27.

The same reasoning applies to higher-regime models.

Tests for SETAR type non-linearities

Although estimating SETAR modecls using Hansen's mcthod is fairly straightforward, the
testing of whether a non-linear class of models should be employed in the first place is far
more complicated. To test for SETAR(i) against SETAR(j), where i = 1,2 and j = 2,3,

the following test can be used:

RSS; — RSS;

Fy=n+*—%55,

(2.29)

where:
o RSS; is the RSS from SETAR(i);
¢ RSS; is the RSS from SETAR()) given the estimated & — 1 thresholds ry;
e n is the sample size.

One has to remember that Fj;(y,d) is effectively an increasing function of the term
RSS; — RSS; over the plane spanned by (v,d). Because this pair is chosen by (2.28),
effectively:

Fij =arg r{‘lin Fi;(v,d) (2.30)

In such a sctting, every Fj;(7,d) can be thought of in a more traditional sensc, i.c. as
a conventional x? test for the exclusion of regressors specific for SETAR(j) model (i.e. gk
extra parameters compared to SETAR(i)=SETAR(j-g) model) with gk d.o.f.

Since the final test value is the maximum of a number of x? variables, the distribution
of Fj; statistic is different than that of x* with gk dof (i.c. shifted to the right). In
other words, when the Fj; test statistic is not significant compared to the traditional
x2(kg) distribution it is certainly not significant when compared to the true distribution.

However, when Fj; values are significant compared to x?(kg) applying the same logic is
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not possible. In such a case, inference must be based on the asymptotic distribution of
F;; or on bootstrap as asymptotic distributions are not readily available.

Hall (1992), Shao & Tu (1995) and Davison & Hinkley (1997) show that in finite
samples it leads to a better approximation than first-order asymptotic theory. Also the
convergence rate might be faster (although this nceds to be verified for the SETAR class
of models) and is allowed for ncar unit root or unit root processes Hansen’s approximation
works only for stationary processes). However, some bootstrap techniques impose harsh
conditions (such as indcpendence of €; on $y-;). For the details on bootstrap procedure
applicable for SETAR class - scc Hansen (1999, p. 566).

Grasso & Mancra (2007) suggest to bootstrap by drawing from a random uniform ]0; 1|
sample, multiply the regressors by it and repeat the estimation of the parameter vector
(© together with thresholds —oo = 19 < 71 < ... < ry = +00) and the test statistic Fj;
an appropriately high number of times. It remains to be scen if this approach is picked
up in the litcrature.

In traditional SETAR modcls the indicator is established based on the lagged levels
of the analysed variable. Enders & Granger (1998) suggest an alternative approach in
which the indicator triggers the regime switch when the changes of the variable exceed

the threshold. In such a sctting the indicator function becomes:

16 Aé1 >
I(é-1) = -1 (2.31)
0e AE;—] <T

This class of modcls is called Momentum Threshold Autoregressive (M-TAR) Models.'
The difference between TARs and M-TARs in both consistent and normal versions is
illustrated diagrammatically in Figure 2.1. Despite the apparent similarity, both models
differ with respect to some key characteristics. In particular, the TAR model is designed
for the potential asymmetric “deep” movements with the LR residuals, while the M-TAR
model is uscful to take into account sharp or “stecp” variations in residuals. As demon-
strated by Sichel (1993), negative “decpness” (i.c. |n'| < |n?|) of & implics negative
skewness rclative to the mean or trend - similarly to the “rockets and fcathers” phenom-
cna. The deviation of obscrvations below this mean or trend exceeds in such case the
average deviation of obscrvations above. Of course, positive decpness suggests the op-
posite. “Steepness” of the time series implies that its first differences exhibit negative

skewncess. In such a casc the sharp decreascs in the serics are larger but less frequent than

10These should not be confused with Multivariate TAR models (also denoted M-TAR) proposed by
Chen et al. (2005) and not discussed here.
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Figure 2.1: Adjustment in TARs and M-TARs
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Figure 2.2: Deepness and Steepness in Time Scrics
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Cases presented are: a) symmetric; b) steep; ¢) deep; d) steep and deep.

Given the lack of clear guidelines for application of TAR and M-TAR modecls in APT
testing, it is up to the researcher which model to use (although TAR models fit the
traditional understanding of rockets and feathers phenomena better than M-TAR models).
The usual technique, employed by Grasso & Mancra (2007) is to compare the AIC of both
models and pick the one better suited to the data.

57



APT Analysis

Since SETAR models arc basced on traditional AR framework, their application to APT
testing boils down to fitting each of the regimes to one particular pricing mechanism and
testing for the presence of threshold-type non-linearity in the adjustment towards LR
cquilibrium.

For simplicity, bclow we analyse (SE)TAR(2,1) without a constant:

A mé-1+ 0 when é4> 1y
Aby = { ‘ (2.32)

2

n2é_1 + 0@, when &4 < 1y

where 77 = 44 — 1. In such a setting, with the null of no cointegration (Hp : 7! = 7% = 0),

the conditions for stationarity (H;) can include cither:

e thosc with full regime-wide stationarity, proposed c.g. by Cramon-Taubadel &
Meyer (2001, p. 6):

Hy:7' <0An? <0A(1+7Y)(1 +7?) (2.33)

which can be tested using:

— modified ¢ tests (called ¢ —max for 7 = 0 and ¢ —maz® for T # 0), bascd on the

maximum (in modulus) ¢ statistic of cstimate of v, and ~; and critical valucs
tabulated by Enders & Granger (1998);

— non-conventional F-test (called ¢ for ry = 0 and ¢* for r; # 0) of the null, with

critical valucs tabulated by Enders & Siklos (2001);

o those proposed by Caner & Hanscen (2001), assuming partial stationarity:

< 0and 72 =0
o { i (2.34)

l=0and 7% <0

which require test statistic Ry = t31(€—q = 71) + 121(€s—a < 1) Or its onc-sided
alternative Ryr = t2I(# < 0) + 21(#? < 0), bootstrapped for better results.

Gouvecia & Rodrigues (2004) rcport that the power of all of the above tests increases
with the size of asymmetry and average adjustment speed. For testing for the presence of
non-lincar adjustment, the conventional unit root tests are also used (sce Balke & Fomby

(1997)), despite the fact that they were designed for lincar processcs.
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After ascertaining the presence of cquilibrium reverting mechanism - cither lincar
or asymmetric, the testing for the presence of threshold behaviour utilizing Tsay’s or
Hansen’s approach is allowed.

Since M-TAR modecls form a subclass of gencral SETAR class of models;

e they can be extended in a similar fashion as (SE)TAR models, e.g. by introducing

the lagged cxplanatory variables;
e utilising Chan’s approach to finding the estimate of the 7 is allowed;
e testing for cointegration can also involve:

— F tests for null of 73 = 7, = 0, described as ¢*(M) and ¢(M) (for T cqual

ZCro);

- t-max tests for null (this time denoted ¢ — maz(M) for 7 = 0 and t — maz*(M)
for r # 0).

Before applying M-TAR modecls to price data, onc has to remember that under the
momentum approach, a correction to the margin between prices at different levels of the
transmission chain docs not depend on the size of this margin at a given point in time
but rather on the magnitude and direction of its change in the previous period.

Godby, Lintner, Stengos & Wandschneider (2000) propose a combination of the tra-
ditional ECM modcl, such as (2.11) and SETAR(2) modcl, designed to capture non-
lincaritics both in LR and SR adjustments, via modelling one ECM per regime. Such a

combination results in:

i) oAy + E}L(a) _5”A:c,_,;+
'Ytl)(yl—l ot ‘50 = 6131-1) +yv, when wyg <7
@ (2 (2)
?=l O"{ )Ayi-l + Z;nz(] sz)AI‘_J"l’

g ’rm(yt-l ~ 0 = 0124-1) + v, when wy—g 2> 1

where:
e k= 1,2 stands for regimc;

e w;_g4 is the threshold variable (e.g. which could be any exogenous variable in first
differences or the ECT either in the version by Stock & Watson (1993) or Engle &
Granger (1987));

e r is the threshold;
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e n{¥) and m®) denote maximum lags of upstrcam and downstrcam prices in regime
k;

o 7*) denote speed of adjustment to the LR cquilibrium in regime k;
¢ a(®) and B®) denote SR adjustment in regime k.

As specified by Lewis (2004), (2.35) could be further enhanced by allowing APT within
cach regimes, which results in:

n(L#)

1=1 {M)Ayc 1+ Zm“ - ﬁ(l'ﬂAI:tJ
+>:nu -) 1 }Ay;_rl‘):m“ }ﬁ('l'-)tﬁzf.j
+7Y N (ye-y = bo — 617 1)+ v when wyg <7
E?:lIH (2, +)ﬂyt— 3 tha ) {'2'+)A1':+-j
+):n(z‘ (2 }Am !+2m13 )ﬁ(_Q.-)AI‘- .
-J

: +¥® (Y11 = o = 612-1) + v, when wyg > 1

Ay, = ¢ (2.36)

This class of models can be cstimated using the approach proposed by Enders & Granger
(1998) and Dibooglu & Enders (2001).

Assessment

SETAR models were developed to counter the most significant drawbacks of the tradi-
tional AR/ECM framework visible in the sample datasets. Accordingly, they are well-
suited to modcl some of the most common non-lincarity phenomena and correctly identify
underlying market regimes (sce example presented on page 50). However, their ability to
estimate the market behaviour is limited for two main reasons. Firstly, they assume that
market bchaviour changes drastically as the threshold variable exceeds the predetermined
level. Such an abrupt change might be applicable to natural sciences (gas physics and
chemistry), but is less likely to occur in the pricing behaviour. Secondly, testing for the
presence of non-linearitics is computationally burdensome and not significantly developed
duc to convoluted asymptotics. Furthermore, as proven by Enders, Falk & Siklos (2007),

construction of confidence intervals is problematic.

2.2.5 New Models - Smooth Transition Models

Similar to SETAR models, Smooth Transition AR (STAR) modcls can be thought of
in terms of an extension to a standard AR model, allowing for changes in the model

parameter. In contrast to SETAR modcls, however, STAR models assume that such a
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change is gradual (hence the name) - van Dijk, Teréisvirta & Franscs (2002). A simple
model of this family can be depicted as the following modification of (2.23):

v = XevO(1 = G(w,, ¢, €)) + Xey VG (wi, ¢, ¢) + oD, (2.37)

or cquivalently:
& =X @ + X (1) = )G (E4,¢, 0) + 0V (2.38)

where:

e G(wy, ¢, c) is the continuous transition function, bounded between 0 and 1 (described

in more detail below);
e wy, is the transition variable, which can be:

— a dclayed cndogenous variable analogous to SETAR modcls, ic. w, = y,-q,
with d (called the declay paramcter) set to be a positive integer such that
d e, dj;

— an exogcnous variable;

— possibly a non-lincar function of lagged endogenous variables involving the

paramcter vector (w), i.c. wy = h(Zy; @).
Given the above specification, STAR models could be interpreted either as:

¢ arcgime-switching model, with two regimes (associated with extreme values of tran-

sition function), wherc the transmission between regimes is smooth; or
e a continuum of regimes, each of them associated with different values of transmission

function.

Transition Functions

Regardless of the interpretation used, the exact propertics of the model arc determined

by the transition function. Most commonly applied functions include:

e first-order logistic function:

1

G(wh C: C) = 14 e-((un -c)

(2.39)

which results in logistic STAR (LSTAR) model, or
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e sccond-order exponential function:

G(wy, ,c) = 1 — e~ Swe=0)? (2.40)

which results in exponential STAR (ESTAR) model.

Figures 2.3-2.4 present the values of functions depending on their parameters and inputs.

For simplicity they were centered around ¢ = 0.

Figure 2.3: LSTAR Transition Function

Testing for non-linearity in STAR models

The STAR model rewritten as (2.38) can be tested against the linear alternative by ap-

proximating the transition function G(&-4. ¢, ¢) with the help of Taylor expansion around

¢ = 0. This leads to an auxiliary regression of the form:

& = X, 3° + X._[f,__d.-‘il R ff_dﬁ"! 4 t";;__d._.:f:s +... ]+ (2.41)

where:
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Figure 2.4: ESTAR ‘Transition Function

e v, is the error term that includes 0y, and the residual term from the Taylor

expansion,
e ¢,_4 is the argument for the transmission function.

One has to remember that since the transition variable ¢, 4 is set in the self-exciting
way, the first element in the 3' coefficient vector has to be set equal to zero, as per-
fect multicollinearity might occur otherwise. Furthermore, in such a setting X, * ¢,_4 =
(é-1,€1-2, -« + + E4-p) * &—q BN we have (€1 * €—q, €2 ¥ &g, .. ., € 4, ..., E-p*E_q). AS
such there is some interdependency between parameters when higher-than-one Taylor ap-
proximation is used. To account for that a dummy ey, i.e. a vector of length p, consisting
of zero, except for the d-th element which is set to unity, is used.

To understand the testing strategy, consider a Taylor approximation of the ESTAR or

LSTAR transition function:

To(f(2)) <o iz - a)
Tu(G))ia G(a) + G'(a)(z — a) + Tf&(z — a)? + 5@ (z — a) + ...

(2.42)

63



Now substituting the transition function one can obtain:

& = mo+ 7y * X + (70 + 7hy * X) * Ts(v(é)) (2.43)
T(GO0e = q1*(&_0) +92% (E_a® + 2% (E_0)° +...
Where:

o g1 =0G/8&:

o 9 = (1/4) x °G /&% _;

o 5= (1/6) x 8G/083 y;

To analyse how those tests could be used for testing non-linearity, consider two differ-
ent transition functions and their Taylor expansions. For simplicity, let’s start with the
expansion of the third order so as to cstablish the genceral features of the testing strategy
attributed to Terasvirta (1994). Later on, an alternative approach of Escribano & Jord4
(2001) is discussed.

LSTAR In this modecl the transition function is;!!

(2.44)

Where E = e$CE), B! = e$) x —-¢ = —¢x E, E” = (? x E. Aftcr taking the

derivatives and expanding the transition function around ¢, we obtain:
1. E(0)=e0 =1
2. G(0)=1/2-1/2=0
3. g1 =G'(0) = ¢/4
4. 4% g =G"(0)=-(*%[-2/8+1/4 =0
5. 6% g3 =G"(0) = —(3/4*[3+6/4—1] = —1/8+ (3

The end result is the following auxiliary regression (for simplicity the numerical con-

HEor the sake of simplicity, the function was scaled by 1/2, as this significantly simplifies the calcula-
tions for the Taylor expansion (see below).
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stants from Taylor approximation were grouped and denoted s).

€t

G =

G

G2

G

(4

]

G+ *Xe+ G (Xe®éooa) + (G * (Xex &) + ¢ (Xex &) + 1

Mo — T * /4% c—mop* =1/8 % (3 xc®
wil—1751tC/4*c—1r§1*—1/8*(.3*c3

eq * [mop * (/4 + oo % —1/8% (3 % 3 % 7]

Ty *CkS+3xExmy (P xs (2.45)
+eg * [3 % cxmyp * (5 * 5]

—3xcxmh *(3xs

+eq * [mog * % * 8]

mux (ks

The extra terms that appear in [...] denote ’extra’ slope coefficients that occur due

to the fact that in multiplication Xy * €4 = (€1, €-2,...,-p) * &g in cffcct we have

(fi—1 * E1-dy €42 % €1-dy ..., € g, .., E1-p * &-4). To account for that we introduced the

dummy eg4, described previously.

ESTAR The transition function is:

G(z,¢,c) =1 — eS¢ (2.46)

Taking the derivatives and expanding the transition function we have:

1. G(0)=0

2.q1= G'(O) =0

3. 4xg;=G"(0)=2%(¢

4. 6xg3=G"(0)=0

Substituting Taylor-cxpansion into the model and re-arranging, we obtain:

& = G+ *Xe+Gx(Xexéoa) +G* (Xexély) +u,
G = To+Tn**c
G = wy+myx(xcttegx[—4*xmp*( x|
G = 2xmy*(*c
+eg * [0 * (]

G = my*(

(2.47)
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Distinguishing between LSTAR and ESTAR Comparison of coefficients in the
above cxpansions can be used to distinguish between LSTAR and ESTAR. Table 2.1
presents the comparison of the values of coefficients in three different settings. The settings
correspond to the standard sctting (i.c. with constant and non-zero threshold in the
transition function) and settings more geared towards residual analysis (i.e. with constant
and/or threshold sct to zcro).

The most striking difference is that in every sctting the coefficient (4 is cqual to zcro
for the ESTAR model and different from zero in the LSTAR model. Therefore a simple
test for the presence of non-lincarity (as proposed by Terésvirta (1994)) would involve
cstimation of a model given by (2.45) and then testing for the null of (o = (3 = (4 = 0. If
the null is rejected it implics non-lincaritics of cither ESTAR or LSTAR type. If the null
is not rejected, a simple AR(p) model could be used. Once the existence of non-linearitics
is confirmed, a simple test of 4 could be used to test for whether the ESTAR family (with
threshold and constant) fits the data.

To summarize the testing strategy:
1. Hy: ¢y = (3 = (2 = 0 - if rejected proceed, if not usc AR;

2. Hy: (s =0- if rejected ESTAR model with constant and threshold cannot be used

(this is since the cubic powers of -4 are zcro when ¢ = 0);

3. Hy : (3 = 0|¢s = 0 - since the squares of .4 are zcro if mo = ¢ = 0 if rejected
LSTAR model with no constant and no threshold or ESTAR with just a threshold

cannot be uscd and proceed; rejection is not very informative;

4. Hs: ¢a = 0|¢s = (3 = 0 - if not rejected the ESTAR model can be used, if rejected
LSTAR with constant and threshold can be used or ESTAR with no threshold and

no constant.

Table 2.1: Comparison of Expanded LSTAR and ESTAR Modcls
c#O0Vmp#0 c=0Vmyp=0 c=0Amyp=0
LSTAR ESTAR LSTAR ESTAR LSTAR ESTAR

C4 #0 0 #0 0 #0 0

s #0 #0 0 #0 #0 #0

G A0 #0  #0  0  #0  #0

G #0  #0 0 0 #£0  #0

Co #0 #0 0 0 #0 #0

Note: Terdsvirta (1994, p. 211) claims that failure to reject Hy is a sign of LSTAR

in the traditional non-zero threshold with constant case.
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Since under the null the Taylor expansion equals zero, the traditional testing strategy
can be applied and testing for normality boils down to traditional LM test of Hp : 8! =
0AB° # 0, which has the standard x? distribution with p— 1 dof. The statistic is usually
denoted LA/

Although the mcthod proposcd by Terédsvirta (1994) is simple and intuitive, it has
its drawbacks. For example, when expanding the exponential transition function to the
third-order one might not capture the dynamics of the underlying data as the third-
order expansion has only one local extremum, while the fourth-order extension has three.
Simple changing of the expansion order is not sufficient since the elements of Taylor
cxpansions contain lower powers of € - for example sce the discussion about clements in
square parentheses in (2.45) and (2.47). Therefore, as advocated by Escribano & Jordd

(2001), the revised testing procedure involves estimation of:

& = G+ *Xe+x(Xpxéog)+ G*(Xexé2 )+ *(Xexéfy)

(2.48)
+C£ * (Xg # €f«—d) + v
and the following testing strategy:

1. test Ho : (5 = (4 = (3 = (2 = 0 - il rcjected proceed, if not conclude that no
non-lincaritics are present in the reversion of non-linearitics towards their LR equi-

librium;
2. test Hor : (s = (3 = 0 with the help of an F-test denoted Fp;
3. test Hog : €4 = (2 = 0 with the help of an F-test denoted Fg;
4. if the minimum p-valuc corresponds to Fg sclect LSTAR, otherwise sclect ESTAR.

This methodology is also effective when ¢ # 0 becausc the lincar and cubic trends are
then reduced to zero while the underlying model is ESTAR and quadratic and fourth-
order terms are reduced only when the underlying model is LSTAR. In such a sctting the

test for no constant in the model involves the following steps:
1. test Hp: (s = (14 = (3 = (2 = 0 - if rejected proceed, if not use AR;
2. test Hor : ¢s = (3 = 0 with the help of an F-test denoted Fi;
3. test Hog : ¢4 = (2 = 0 with the help of an F-test denoted Fg;
4. rejection of Hog and failure to reject Iy, suggests LSTAR with ¢ = 0 (LSTAR*);

5. rejection of Hor and failure to reject Hog suggests ESTAR with ¢ = 0 (ESTAR®).
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Once the shape of the transition function is determined, the v, ¢ and ¢ parameters
can be estimated using the non-lincar least squares so as to minimize the squared sum
of residuals 0¢,. The estimates can be obtained using any conventional optimization
procedure - sce Hamilton (1994) for a survey of available tools. The v and ¢ parameters
can be further scaled by the standard deviation and percentiles of the threshold variable
€;-4 to facilitate the optimization procedure - van Dijk ct al. (2002, p.21). This allows
for cross-model comparisons without the significant loss in accuracy, as even big changes
in smoothing parameter have “only a minor effect on the transition function”. Generally,
the optimization procedure is non-trivial, in particular for the smoothing paramecters,
the estimates of which are inherently imprecise - sce Bates & Watts (1988) for a gencral
discussion and van Dijk et al. (2002) for a discussion of numerical issucs related to non-
lincar estimation. Eitrheim & Terésvirta (1996) point out that problems with optimization
might result from the fact that the available tools might fail to identify the extremes if
residuals ;4 may not always be exactly orthogonal to the gradient matrix, especially
in the two-regime models. Unfortunately, this issue is not sufficiently addressed in the
literature, especially with respect to the bounded (constrained) optimization tools, which
should be used for parameters scaled with percentiles - see discussion of numecrical aspects

of estimation in Appendix C.

2.2.6 Combination of STAR and ECM modecls

As described in section 2.2.4, combining non-linear models and ECM framework offers a
convenient way to test for non-lincar cointegration. However, as opposed to the approach
advocated by Enders & Siklos (2001), thanks to using the Taylor expansion (described
in scction 2.2.5) the STAR framework covers straightforward cointegration tests against
non-lincar alternatives. This is a clear advantage over previous studics which allowed for
non-lincaritics only after the lincar cointegration was ascertained using the traditional
lincar cointegration techniques. In principle this allows for analysing systems that revert
to cquilibrium in a manner that is so non-lincar that traditional tools fail to recognize it.

A'9 set of such tools was first proposed by Kapetanios et al. (2006) for analysing the
systems in which the correction to cquilibrium is slower when the cointegrating residual
is closc to zero and increases gradually with the deviation from the cquilibrium. The
resulting Kapetanois, Shin and Snell (KSS) testing strategy involves the null of no cointe-
gration against an altcrnative of a globally stationary smooth cointcgration with the use
of tests similar in design to those of Engle & Granger (1987). To analyse this framework
consider z = (v, z})’ and rewrite (2.12) with cqual lag lengths for RHS and LHS variables
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(n=m=p)as:

p
AE; — w&xg <+ z VJjAZ(..J + i1+ v (2.49)
I=1

where:
e wisfy;
o Pis(o,0.,);
o mis —*(&o,61,...,);

or equivalently using EG specification, rather than that of Stock & Watson (1993):

P
Ay, = wAT + Y YDz + Goéy + 1 (2.50)
=1

where €,-; are the residuals from the OLS level estimation.
In such a sctting, Kapctanios ct al. (2006) suggested introducing the transition function
(2.40) with ¢ =0, so that the standard ECM becomes:

]
Ay; = qu, + Z ’!ﬂ’jAZg_.{ + 5021_1 + ']'Eg-lG('lUg, C) + 14 (251)
I=1

where:

o G(w, () =1 - e~V

-

® (=g

Given that the bulk of the cconomic theory does not predict any particular form of
the threshold variable or the non-lincarity, Kapetanios et al. (2006) conclude that d = 1
in (2.51) results in a parsimonious and reasonably flexible framework.

Such testing can be easily performed using Taylor expansion for the transition function

around a =0, i.c.:

(m)
E / (“) -a)" (2.52)
n=0
60+ 01 -0+ T2 -0+ T, 01+ T e, 0yt (259
Using such expansion (since by the chain rule —(-—:-':‘—"1 = - f’(g,-)e.f{r} and € = 1) one
can obtain: '
G(0)[14+G'(0)(ée-1 —0)+—— "(0)( €-1—0)%+ Lo (0)( é-1-0)%+ g (O)(q 1—0)4] (2.54)
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Bascd on those explanations, the following tests are possible:

e [-tost type statistic on the lagged cubed residuals €}, in the following regression:

n
Ay =wAzi+ Y DiAzn g +6_, 4w (2.55)
I=1

in this setting, the test of the null hypothesis of no cointegration (Hg : ¥ = 0) against
the alternative of ESTAR-typc cointegration (Hy : v < 0) is denoted ¢ — neg;

e i-test type statistic analogue to the one described above but similar to the standard

EG mcthodology:

P
Aby =781 + Y Vildé + (2.56)
=1

with the same null and alternative hypotheses as t —nec, this test is denoted ¢ —neg;

¢ assuming a non-instant adjustment in the outer regime:

P
Ay, = wAz, + E YDz + nE1 + 723?_1 + v (2.57)
i=1

in this sctting, the test of the null hypothesis of no cointegration (Hg : y1 = 72 = 0)
against the alternative (Hy :m # 0V v #0) is denoted Fyee:

e assuming a non-zero threshold ¢ in the transition function (2.40) Fyec becomes

F} gc in the following cquation:

P
Ay = wAT + Y Wbz + Tid1 + Maéhy + W6 1 (2.58)
=1

and the null hypothesis becomes Hp 1 = v = 13 = 0.

If onc wants to analysc the logistic alternative to (2.40), it is cnough to replace &,
with é_, in (2.57), (2.55) or (2.56). It is important to remember, however, that the
application of LSTAR type non-lincaritics in the case of cointegration is less obvious than
in the ESTAR casc and the critical valucs change - Kapcetanios ct al. (2006, p. 10).

Although STAR models offer a significant improvement over previously used tools,
they are not without flaws. Firstly, the non-linear cointegration tests are likely to pick up
outlicrs as signs of non-lincar cointegration - sce van Dijk, Franscs & Lucas (1999) and
Koop & Potter (2001). Possible solutions to that problem involve Baycsian cstimation of
space-statc models in a manner proposed by Giordani, Kohn & van Dijk (2007), robust

estimation or testing for cointegration in modcls with additive dummics accounting for
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said outlicrs and verifying if inference on non-lincaritics changes. The last solution is
the most intuitive (and simpler to compute) but requires arbitrary assumptions about a
number and position of outliers to be eliminated. Robust estimation discussed in van Dijk
et al. (2002, p. 17) involves less assumptions, but it involves a significant decrease of the
power of the tests in situations when only few outliers are present. Sccondly, diagnostics
of STAR modcls involve arc computationally burdensome and non-trivial. This is par-
ticularly dangcrous as mis-specificd models might lead to incorrect inference about the
presence and extent of non-linearities. The most significant issues in that regard involve
neglected non-lincarity, parameter constancy, autocorrclation and heteroscedasticity. van
Dijk et al. (2002) discussecs the impact those issues can have on the reliability of the analy-
sis. Wlazlowski, Binner, Giulictti & Milas (2007¢) analyscs price transmission using daily
data and notices that hetcroscedasticity-adjusted non-lincarity tests yicld results similar

to the standard tests.

2.2.7 Multivariate Framework

Above described models are by design single-cquation, and do not take into account the
interdependencics among USPs, DSPs and (possibly) other exogenous variables. Three

classcs of models that account for those possibilitics and allow for APT testing are:
e VAR modecls,
e VEC modcls;
¢ VRS models.

Below we discuss their applicability to APT analysis.

VAR and VECM Models

VAR modecls of order g can be presented as:
Y= Y1+ P2Yez+...+QYiq+ & (2.59)

where Y is xx1 vector of variables of interest, € is xx1 vector of crror terms and
®,,...,P, are nxn coefficient matrices. In such a setting, each element of Y is a sym-
metric function of its own variables and (possibly) other clements incorporated in Y.

A simple modification of the above, necessary to incorporate APT into it, involves
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splitting the vector according to Wolfram, so that it results in:

Ye=0 Y +07Y  +.. . + Q7Y+ QY +e (2.60)

As discussed above, VAR models can capture similar types of asymmetries as their
univariate counterparts, however, they also allow for relaxation of two significant assump-

tions:
¢ cxogencity of all variables - all prices are treated as endogenous;

o closed nature of the system - models might include some other non-price variables

which allect PT indirectly.

Radchenko & Tsurumi (2006) try to modcl DSJ%’s and USPs together with petrol
consumption per vehicle (here G), petroleum inventories (here I) and production (here
Q). The cxplanatory variables also included income (here Z) and scasonal variables
(D, and D, for summer and winter respectively). The final VAR model estimated by

Baycsian Montc Carlo Markov Chains is:

[ Ay= w + S Bl (Azees)t + T B o (Bze) ™+

wa2)AlL +wi3ADyg + wi g ADy; + €t

¢ Gi= we +wey +weal: + weaDe + was) Dut + €2 (2.61)
Iy = wi +wa2)li-1+wEa)Da + wiza)Due + €

Q= G+ 1, — Iy + eq

\

This approach allows the rescarchers to incorporate other, potentially important, fac-
tors into PT, however, attention must be paid to model formulation. The testing frame-
work in (2.61) docs not account for LR cquilibrium (first equation is in first differences
without the ECT) and as such cannot form a basis for inference on APT. The same

rescrvations apply to a class of VAR models proposed by Radchenko (2005b):

Ayt Ayf
Ay | =c+O(L) | Ay |+ t=1to,... ¢ (2.62)
Azt Azt

One significant arca where VAR models could be used is related to testing the possible
explanations for VAR. One of such theorics links APT with volatility of upstrcam prices
(sce scctions 6.2.1 and 6.2.2 for a more detailed discussion). It is possible by e.g. simul-

tancous cstimation of proxics for the degree of APT and indicators of market situation.
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The example below taken from Radchenko (20050) models APT proxics and upstream

VoL,
+ € (263)
APT;

volatility mcasures:
VOL,

=c+ ®(L)
APT,

where VOL, stands for a scalar measuring volatility at ¢, APT, is a scalar mecasuring the
degree of APT, ©(L) is a lag polynomial of order p, ¢ stands for a bivariate constant. The
analysis is made via Choleski decomposition and the identification via variable ordering.

VEC model of order g can be presented as:
ﬁYt =Y 1+ q’lAYt_: + ‘I’zAYt_a + ...+ (I)qﬁYt-q + v (261)

where Y} is xx 1 vector of variables of interest, v is xx 1 vector of error terms, @4,...,9,
are nxn coefficient matrices, and IT is the nxn long-run coefficient matrix, which could

be decomposed into product of matrices o and 4 (matrix of r cointegrating vectors):
M= anxr'T:-xn (2.65)

Those models could be used to cstimate non-lincaritics both in the LR and SR trans-

mission. Below, we present bivariate extensions of models (2.13), (2.14) and (2.15).

’ Ay, = EF‘:[) ﬁajj(ﬁxl—.f)-l- + g By (Bz-i)~
4 +Y(¥e-1 = O1,0) = S1,1)%e-1) + ¥

Az = E_f;':u By (Bye=3)* + Tiko B (Bye-i)~
+(ze-1 = (2,0) = S21)¥e-1) + Ve

(2.66)

*

Ay = ToBuj)Aze-j + 4 (Ye-1 = du.0) = Sa.1)Ze-1)*
+v (y=1 = b(1.0) = 61 N Ze-1)” + V¥
| Y (ye-1 = 61.0) = S(1,1)Ze-1) " + ¥4 (2.67)
Az = E7toPasyByi-j +73 (Ti-1 = S0y — S yye-1)*

+y~(z4-1 = 82.0) — S20)Ye-1)" + VfF

Ay = T8l s)(Bzis)t + o Gy (Azis)”
+1* (-1 = 80 = S Ze-1)* + 77 (ve-1 = S
‘ =6a0Te-1)” + 0 (2:68)
Azy= T8 5(Bu-g)t + Tiko B4 (Azems)”
+yH(zp-1 = O20) = Sz )¥e-1)* + 7 (2e-1 — (20
=0 Y-1)" +f
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VRS Models

Regime switching models extend multivariate framework provided by VAR and VECM

models to a case of more than one regime. As an cxample, consider extension of (2.64):

AY, = NPDayY,; +PAY, ) + 0YAY,_,
e T (I)E;”AYt—q +yy if rj-1 < YYt-l <rj

(2.69)
where:

e Y,_; is the vector of level variables lagged one period;

e 7 is the cointegrating vector, assumed to be the same in all regimes;

o AY,_;is the vector of first differences lagged 7 periods;

. @Ej) are the SR dynamics coefficients governing the process in j** regime;

e r; arc the switch triggering thresholds;

e it is assumed that the switch is triggered by the value of disequilibrium, i.c. ¥ Yi-;.

This modcl can be estimated using either the approach proposed by Enders & Granger
(1998) or the one developed by Hansen & Seo (2002). Unfortunately, despite their possible

advantages, those models failed to attract significant attention.

Assessment

Multivariate modecls arc not widely used for a number of rcasons. Firstly and most
importantly, they require data scrics of cqual frequency and time span which is rarely
availablc (e.g. in the sample used in this study only few scrics are temporarily aligned -
scc pancl A.21). Sccondly, their propertics crucial from the point of view of APT analysis
(such as regime identification, response patterns, etc.) were not addressed by econometric

theory which still focuses on single-cquation models.

2.3 Summary and Conclusions

In this chapter we analysed the econometric tools which could be used in the applied APT
studies. Our review was focused on (i) assumptions on the nature of SPT and APT those
tools imposed, (ii) their reliability when testing the null hypothesis of symmetric price

transmission and (iii) their ability to asscss the size and nature of APT.
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The results of this analysis indicate that previously used tools suffer from several
shortcomings. In particular, thc ECM models can incorrectly categorize market situ-
ations and prohibit efficient identification of the pricing regime and the simulation of
pricing responses. The SETAR models do not suffer from those problems, but instead
assume sudden and full regime switch and their application to testing the null of SPT is
problematic. Multivariatc models are still underdeveloped in terms of key requirements
for APT studics and require high-quality data, which arc not rcadily available. The anal-
ysis indicate that the STAR modcls, which were not previously applied for APT analysis,
rectify some shortcomings of previously used tools, in particular burdensome testing, un-
realistic or harsh assumptions about the regime switch (SETAR), and untraccable regime
history (ECM).

In the next chapter we continue with the review of the literature, this time with the

focus on the economic analysis of price transmission.
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Chapter 3

Overview of Previous Empirical

Research

This chapter describes previous rescarch into the asymmetric price transmission phe-
nomenon. It draws heavily from Wlazlowski (2003a) and Wlazlowski et al. (2006) and
attempts to familiarize the reader with the state of research into APT on petroleum mar-
kets and to introducc elements tackled in the applied part of this thesis - chapters 4 -
6.

The first part of the chapter identifies the key literature on testing for the presence of

APT (scction 3.1). In scction 3.2 we discuss possible room for improvement.

3.1 Testing for the Presence of APT

This section presents a chronological overview of the most significant contributions to the
APT litcrature. As in chapter 2, we omit studies which disrcgard the issuc of spurious
regression.

Unless stated otherwise, throughout this chapter: (i) the term price means net-of-tax
price; (ii) the term APT means positive APT; (iii) a hypothesis is said to be rejected if
the testing statistic is not significant at 5%; (iv) if upstream and downstream prices are
expressed in different currencies, the appropriate FEX is involved in the estimation.

Table 3.1 presents a summary of empirical work, in particular geographical / tempo-
ral coverage of cach study (Country / Coverage columns), testing framework and data
usced (Model, Tiers and Frequency columns). We also indicate if the issucs of order of
integration and causality arc addressed (/ntegration and Causality columns) and what is

the final conclusion on the presence of APT (Results column).
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The first APT study that recognized the necessity of accounting for the presence
of a LR relationship between prices was by Sumner (1990). In his rescarch into the
UK petrolcum market, he introduces a number of concepts crucial to the APT analy-
sis. Firstly, thc author recognizes that the assumption of a constant monctary margin is
unattainable in periods of variable inflation so Cobb-Douglas functions should be used
instead to model pricing relationship. Sccondly, he estimates pass-through rates, un-
derstanding that in the prescnce of other costs the Cobb-Douglas specification excludes
full pass-through. Thirdly, he introduces other costs (proxicd by labour costs) into the
pricing mechanism. With hindsight, some of the other assumptions might be criticized
(especially decisions to usc PAMs alongside ECMs and to introduce arbitrary thresholds
into Wolfram’s variable split). However, given how many later studics fail to recognize
and rectify similar shortcomings, this study should be praised for being well ahead of its
times.

Bacon (1991) revisits the UK market but using USD-denoted ARA crude oil prices as
USP proxy, as opposed to the GBP-denoted purchasing costs borne by the UK refiners em-
ployed by Sumner (1990). This constitutes an improvement as FEX can affect petroleum
prices dircctly (through changes of crude prices evaluated in home currency), indircctly
(through other open positions) and be a scparate source of APT. However, since the re-
search uscs an inferior modelling framework ((2.3) instead of ECMs) the reliability of the
results might be challenged for several reasons. Firstly, the modelling strategy does not
sufficiently address the issues of spurious regression. Sccondly, to identify the dynamics
of the system, Bacon uses the specific-to-general approach and undertakes “considerable
ezperimentation” with lag lengths so as to get “preferred results” - Bacon (1991, p. 17).
Thirdly, the functional form of (2.3) is lincar, thus implying a constant nominal crude-
petrol margin. Given that the sample covers years of variable inflation, this assumption
might be too strict - sce section 2.2.2 for a discussion. The results confirm those of Sumner
(1990), except for the pass-through, as Bacon concludes that changes in upstream costs
(causcd by exchange rates or crude prices changes) arc passed downstream fully,

Despite those shortcomings, the paper significantly contributes to APT modelling. In
particular, the author corrcctly identifics that the downstrcam prices in Europe depend on
prices quoted in the ARA area and accounts for the effects of foreign exchange, realizing
that it is a scparate source of volatility which affects agents dircctly via crude oil terms-
of-trade or through their total open positions.

Bacon (1991) is also the first to quantify APT - based on thc cstimates of mcan re-

sponse time (infinite sum of step-by-step adjustments) for increases and decreases, he con-
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cludes that the difference in adjustment speeds equals one week. This estimate, however,
might be challenged as the result is based on bi-weckly data. Maddala (1977) indicates
that whencv.cr a study utilizes data with sampling interval longer than adjustment period,
it might bias the cstimatcs.

Manning (1991) advances the APT rescarch by accounting for issucs of taxation and
causality price transmission.! The author agrees with Bacon (1991) on the presence of
APT, but differs drastically in cstimates of the extent of APT (4 months as opposed to
one week) and pass-through (only 27%-36% as opposed to full pass-through).

Norman & Shin (1991) apply Bacon’s (1991) framcwork to a supcrior US datasct and
extend the APT estimation to data of different frequencies quoted at more than two tiers
in more than one location. The authors conclude that APT is not present in the USA
and attribute the discrepancics with Bacon (1991) to the fact that the US market is more
competitive than the UK one. Interestingly, when the original dataset used in this study
is re-visited by Shin (1992) with a different methodology, the null of SPT is rcjected.

Kirchgassner & Kubler (1992) are the first to analyse transmission in a non-Anglo-
Saxon country (Germany) for a product other than ULP (heating oil). The authors
attempt to test for the structural change in price transmission following the sudden in-
crease in liquidity in January 1980 by cstimating (2.68) before and after the suspected
structural break. Since APT is found in the first and not in the second of the sub-samples,
the authors conclude there is a link between liquidity and asymmetrics. Unfortunately, no
formal tests of this hypothesis (or the existence of structural breaks for that matter) are
reported. Regardless of whether the structural change really took place, Kirchgassner &
Kubler (1992) should be credited as the first study to point to possible linkages between
market liquidity and non-lincaritics in price transmission.

Borenstein & Shephard (1996) re-phrasc the problem of APT in terms of changes
in margins carncd on transmission between two tiers. This approach is commonly used
later on, as it allows for straightforward analysis of APT as a problem of disequilibrium
(residual) climination and a shift from ECMs towards SETAR modcls. The authors focus
on the behaviour of the retail mark-up, defined as the difference between terminal and
retail prices. In particular, they analyse how mark-ups respond to expected changes in

demand and upstrcam costs.? The authors conclude that the non-lincaritics are present

1The author correctly states that cointegration techniques do not specify the direction of causality.
However, his solution is to evaluate all possible equations thus covering different directions of causality,
express them in terms of downstream prices and then choose the best fit among different specifications.
This technique however must be criticized as fuel taxes are expressed ad valorem (VAT), so causality
from taxes to crude / retail prices is impossible and should not even be analysed.

2The expected consumption is instrumented by lagged data on actual consumption, retail prices and
seasonal / trend variables. The expected costs are instrumented by modification of (2.15) with the LHS
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in transmission as margins increase whenever wholesale prices are expected to decline
and dccrcasc in the opposite case. Furthermore, contrary to the predictions of standard
non-cooperative models but in line with collusion theorics, margins do respond positively
to anticipated changes in demand and input prices.

Several comments about this conclusion should be made. Firstly, the models used
have some variables in constant feedback which is likely to affect the results.® Secondly,
the expectations arc assumed to cover only one period, while most sources claim that
collusion is enforced over a longer time horizon. Thirdly, margins are proxicd by the
difference between USPs and DSPs, which implies a full pass-through. This is not tested
and is often contested in the literature. Fourthly, petroleum markets do not resemble a
typical sctting for collusion. In retail petroleum markets, collusive behaviour would have
to be a result of a world-wide coordination, otherwise the revision to the onc-shot Nash
equilibrium level would occur immediately. The authors scem to acknowledge that such
a perfect collusion is not possible, and instead propose a slightly different explanation of
the traditional collusion story, in which scllers understand that by lowering their prices
immediately after upstrcam cost decreases they induce price cuts at other stations and
risk triggering retaliation. In such a setting, profit-maximising agents are less willing to
lower the prices, thus creating APT. Unfortunatcly, they do not present any formal model
for such a situation.

Borenstcin et al. (1997) conduct the most comprehensive analysis of US price trans-
mission up-to-date. The article uses disaggregated data on retail, terminal, NY spot and
WTI spot and futures prices that cover the entire US market. The framework of the anal-
ysis is also innovative, as it accounts for the previously ignored issucs of endogencity of
prices and causality in price transmission. The authors conclude that APT is widespread
across the markets and ticrs, however, they do not present any rigorous tests for the pres-
ence of APT other than graphs with confidence intervals. The reliability of the results is

also diminished as some assumptions made in the study are disputable. In particular:

e the specific-to-general approach used to establish the lag lengths invalidates the

modelling exercise, as it creates dependence in terms of the individual tests used;

e the constant nominal margin assumed in the lincar LR pricing functions is often

criticized as improbable.

variable replaced by contemporaneous upstream prices.
3This is indirectly supported by the fact that the change of the estimation method from OLS to 2SLS
leads to the change of sign of certain estimates - Borenstein & Shephard (1996, p. 444).
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Balke et al. (1998) revisit the work of Borenstcin ct al. (1997) but using new causality tests
and (for the first time) weekly data. The results of Granger causality tests and variance
decomposition indicate that USPs Granger-cause DSPs in all possible ticr pairings except
for the dircct transmission from nct-of-tax to all-inclusive rectail prices.* The APT tests
based on (2.13) and (2.15) give mixed results.

Eltony (1998) introduces multi-national datascts for APT analysis - he covers trans-
mission in US and UK markets. The results indicate the presence of SR APT in both
countries, but, surprisingly, the estimates indicate no cointegration - as the ECT coeffi-
cients are not negative - for example sce equations 8 & 9 in the article.

Reilly & Witt (1998) revisit the work of Sumner (1990) but utilizing (2.13) with
the pricing modecl given by a Cobb-Douglas function cncompassing the exchange rate
mechanism and with a lincar trend proxying all other costs. The authors reject the
null of SPT in both USP and FEX transmission. They are the first to analyse the
evolution of APT over time - the recursive estimation indicates that the coefficients on
APT paramecters cvolve over time,

The Encrgy Information Agency (1999) follows in the steps of Borenstein ct al. (1997)
and Balke ct al. (1998) by meticulously modelling the US transmission chain. The sample
attempts to cover all physical transmission tiers present along US Midwest transmission
chains, i.c. pump, Chicago rack and pipeline, Gulf Coast spot and WTI priccs. The
results of the testing procedure indicate widesprecad APT in all transmissions except for
the retail-crude, rack-pipeline, rack-spot, rack-crude, pipeline-spot and spot-crude. The
results indicate that the adjustment is completed after 7-9 weeks but also that some of
the transmissions have more than full pass-through, which might imply that their over-
specificd models are unreliable.

Asplund et al. (2000) introduce firm-level data into APT analysis. The results of
the estimation confirm that the rctail price responsc to cost shocks is stickicr downwards
than upwards. The results also indicate that FEX transmission is faster than product
transmission, which is explained by the volatility of the serics. This link is characterised
as follows: spot prices expressed in USD are more volatile than USD-to-local-currency
cxchange rate, crcating more uncertainty for the firm. Thercfore, scllers expect spot
prices to revert and postpone price adjustments. Converscly, less volatile exchange rates

arc less likely to revert, so that firms pass on the changes to end customers faster.

4While some authors find it puzzling (Balke et al. (1998, p. 5)), this should hardly be a surprise -
Wilazlowski et al. (2006) shows that while DSPs respond to tax changes, the responses are not homo-
geneous with respect to the direction of changes and include mainly change in the adjustment regime -
this is confirmed by the results of variance decompositions which shows a drop in the proportion of retail
price variance explained by the crude oil variance from 63.3% to 45.8% after inclusion of taxes.

82



Godby et al. (2000) cxtend the price transmission analysis to Canada with the aim
of (i) testing the possibility of price asymmetrics being triggered by a minimum absolute
increase in crude cost, (ii) asscssing the impact of deregulation of crude oil markets markets
in Canada (scc Compctition Burcau (1997) for dctails), (iii) analysing the impact of
concentration in the industry on the pass-through rates. To obtain those aims, the authors
introduce SETAR-type modecls into APT analysis. The results do not identify any non-
lincaritics but should be treated with caution as all scrics are de-scasonalised via regression
on a constant number of weekly dummies, which might bias the results since the sample
does not contain equal numbers of weekly observations in every year.

Bremmer & Christ (2002) analyse the effects of temporal and geographical data aggre-
gation. The intertemporal comparisons arc based on daily, weckly and monthly prices. To
tackle the issuc of spatial aggregation, the authors analyse the prices aggregated across (i)
the USA as a whole; (ii) five multi-state regions;® (iii) 3 sub-regions; (iv) five states;® (v)
six citics.” The authors test the null of SPT using (i) Wolfram-type split of scrics in levels
(resulting in 2.15) and (ii) Wolfram-type split of first differences in series. Unfortunately,
inference based on the latter model is invalid as it disregards the LR equilibrium revision
- Cramon-Taubadel & Meyer (2001). Results based on the former model indicate that
the estimated response to increascs in the crude price is larger for daily data than for
weekly data, which (given that SPT was not rcjected for monthly data) might indicate
that asymmetrics arc transitory and short-lived.

Eckert (2002) revisits the Canadian market with the aim of testing for the presence
of price cycles, which could be mistaken for APT - sce chapter 6.2. Since the rescarch
is mainly concerncd with sources of APT, it is discussed in greater detail later on in
this thesis. His contribution to the APT testing framework is the application of the
Kolmogorov-Smirnov (KS) test for the null of symmetric distribution of runs in USPs /
DSPs decreascs and increascs. This simple and straightforward tool allows for quick-and-
dirty testing for the possible presence of APT and / or pricing cycles. Since the core
APT testing procedure used by Eckert (2002) follows Borenstein et al. (1997), the same

reasoning applics. Furthermore, the inference on APT should be treated with caution as:
o no formal tests for cointegration between scries were reported;

e all-but-onc variable in ECM were found to be statistically insignificant at 5% which

suggests spurious regression.

5The East, the Midwest, the Gulf, the Rockies and the West regions.
6California, Colorado, Minnesota, New York and Texas.
Chicago, Denver, Houston, Los Angeles, New York City and San Francisco.
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The study by Galeotti et al. (2003) constitutes a first attempt to present a cross-
national picture of price transmission in Europe - it covers five key EU countries (Germany,
France, Italy, Spain and the UK). Furthermore, the authors are the first to identify
problems with the low power of the ECM tools and introduce bootstrap to overcome this
problem. The results should be trcated with caution as the data are not economically
linked (US prices choscn as proxics for USP do not nccessarily drive EU prices - sce
import data in scction 1.3) and the lag structure used allows only for the one-month SR
adjustment, which might lead to estimation bias. Furthermore, some coefficients on LR
ECM terms split in Wolfram’s manner (y*s and 47s) are either not statistically different
from zero at 5% and 1%, which casts doubt regarding the existence of LR relationship or
are greater than unity, suggesting explosive behaviour - sce Galeotti et al. (2003, p. 177).

Johnson (2002) analyscs price transmission within a two-product framework in order
to check for differences between Diesel and ULP. The research is motivated by a casual
obscrvation that end uscrs purchasc ULP frequently (which is costly) and therefore might
have little incentive to scarch, as opposed to Dicsel users who typically buy more fucl and
do it less frequently. Johnson (2002) tests this hypothesis using the modcl by Borenstein
ct al. (1997) with the proxics for upstrcam variance from the estimation of (2.18). The
results are mixed and the author concludes that they indicate less pronounced APT in
Dicsel transmission and support the existence of a direct link between search costs and
the degree of APT via Bayesian learning scarch model (sce section 6.2.2).

Bachmeicr & Griffin (2003) illustrate the cffect of data aggregation bias by re-visiting
the models by Borenstein et al. (1997), but using daily data and OLS instcad of 2SLS. The
results indicate no APT and are interpreted as evidence of a very cfficient market with
few rigiditics. Indircctly, this proves that the methodology applicd by Borenstein ct al.
(1997) is fragile, as either usage of daily data or application of traditional ECM framework
with OLS estimation results in the failure to rcject the null of SPT from crude oil to the
wholesale market. The superiority of ECM OLS estimation is also demonstrated by better
out-of-sample forccasting propertics. The forccasts are also used to further support the
null of SPT, as both symmetric modcls (two-stage and proposced by Stock & Watson
(1993)) performed better than their asymmetric counterparts.

Driffield et al. (2003) revisit the UK market using a framework similar to that of
Sumner (1990) and Reilly & Witt (1998), i.c. assuming the presence of other costs in
transmission (proxied by CPI), utilizing innovative techniques (2.21) and (2.68) to rcject
the null of SPT. The testing strategy, however, suffers from cxtensive assumptions, in

particular thosc of (i) full pass-through of upstrcam costs, (ii) lack of asymmectrics coming
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from the FEX, (iii) usage of CPI, rather than PPI which affects oil companies and (iv)
choice of crude oil (Saudi cil) which docs not necessarily drive UK prices.

Wilazlowski (2003a) revisits the UK market with an updated datasct and methodology
that includes (2.13) and (2.32). The author introduces the momentum TAR model into
petroleum price transmission, recognizing that for determining the pricing response, a
change in margin might be as important as the size of the margin. Results confirm those
obtained previously, in particular less-than-full pass-through and widespread APT both
in the short and the long run. The results from the M-TAR model cstimation indicate
that the pricing of petroleum products holds more intricacics than previously believed.

Deltas (2004) attempts to link state-specific wholesale-retail margin (proxied by the
difference between USPs and DSPs over the sample period) to US state-specific economic
indicators. The analysis is based on pancl estimation of (2.13) enriched by the margin

data, which results in:

Aypy) = E}“:o((ﬁ' = Te)Bk gy (Bze-5)* + Tio((Tk - Tk) Bige ) (BZ(kt-i)) ™

T o((TF — TRy (Aka-i)t + Sl (T - Ty (Byre-n)~  (B.1)
FY(Y(kt-1) = O(k,0) = Sk )T (kt-1)) + €kye)

Dcltas (2004) claims that inclusion of margins terms allows for analysis of APT scn-

sitivity to:

¢ rctail market power - the argument is that markets with lower margin exhibit little
local market power, so the presence of APT should indirectly support the explana-

tions that focus on market power;

e scarch costs - the argument is that the non-idiosyncratic components of the price
become common knowledge with time and in equilibrium customers with high / low
scarch costs buy more / less expensive products. When USPs increase, consumers

increcase the amount of scarch, which decrcases the margins.

The conclusions of the study are not credible as (3.1) links mark-ups with transmission
and not to the asymmetries in transmission. If one re-writes it using the indicator function
depending on the contemporary direction of upstream changes - I(Az,_;)), so that it

becomes:

Ay = Zro((TF = T8)Birg)(AZ(k s-5) + Z2o((Tr = T5) By (AZ(-9) I ()
Ereo((TF = T8) (k) (A¥(ke-1) + Zio((Tr = Ta)agea) (Ayre-)I () (3.2)
+Y(Yika-1) = O(k0) = Ok 1) T(ka-1)) + €(ky)
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and comparcs two imaginary “statcs“ a ncar-zero margin state and “normal” one, it is
clear that the model (incorrectly) assumes that in the first case the transmission would
take almost forever to be completed, while in the sccond case, the SR adjustment would
be almost instantancous. Furthermore, the inherent assumption in the model is that the
margins arc uniform across stations which is clearly not the case, as some of them face
additional costs (c.g. franchise costs for lessces).

Lewis (2004) is the first to analyse price transmission using station-level data covering a
distinct geographic arca. The author uscs weekly wholesale and retail ULP prices charged
by 420 retail stations in the San Diego area over the period January 2000-December 2001.
The APT testing is done with the help of panel estimation of (2.35) and (2.36) with
station-specific variables added, threshold r arbitrarily sct to 0, and ECT calculated as
in Engle & Granger (1987) but under the assumption of full pass-through and lincar
pricing function.® Although intcresting from the point of the data used, this study should
be treated with caution as it suffers from arbitrary assumptions (such as those of full
pass-through and of linear pricing specification) and lack of tests for the presence of non-
lincarities. Similarly to Wlazlowski (2003a), the non-linear framework is based only on
the Wald-test of the null of equality of coefficients in both regimes.

Further advance in terms of geographic coverage is made by Arpa et al. (2005) who
attempts to analysc price transmission in 25 EU countries. Although the issuc of APT
is not central to the analysis, the authors apply (2.35) with the indicator function mir-
roring that of Godby ct al. (2000) (i.c. sct to unity for Az,_; < 0) for the ECT only.
Unfortunately, the manncr in which this ambitious task is executed casts doubts on the
credibility of the results. In particular, the authors do not present any information on
the exact kind of crude oil and exchange rates used in the analysis. Furthermore, the
LR analysis is based on Bewley’s transformation - an old time series technique, briefly
popular in the late 1980s - sce (2.4) and (2.5) for a discussion of disadvantages of this
technique.

Grasso & Manera (2007) revisit the updated datasct analysed previously by Galeotti
et al. (2003), but using a framework that involves typical ECM modcls, TAR / M-TAR
similar of those used by Wlazlowski (2003e) and combinations of those. Intcrestingly,
the study shows that APT inference depends on the modelling framework chosen. On
the basis of the estimation, the authors conclude that there is a temporal delay in the

reaction of retail prices to changes upstrcam but the estimates vary across countries and

methodologics used. In particular:

8Full pass-through is not substantiated by the data, which indicates only 48% pass-through.
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e the asymmetric ECM supports some degree of APT in all countrics, mainly at the

distribution stage;

e the threshold ECM strongly rejects the null of SPT for France (all 3 cases), Germany
(spot-retail and crude-retail) and Italy (spot-retail);

¢ the ECM modcl with threshold cointegration indicates LR asymmetrics in crude oil

- retail transmission for all the countrics.

Kaufmann & Laskowski (2005) attcmpt to enrich price transmission analysis with
refinery utilisation rates and stock levels. The authors estimate only direct transmissions
and disregard the indircct one from crude oil to retail. Surprisingly, all price scrics arc
used in levels and Kaufmann & Laskowski (2005, p. 1588) claim that:

(...) industry definition of refinery margins (which) are calculated as the
difference between the price of crude oil and refined petroleum products. As
such, the (coefficient on USPs in the level equation) represents the change in
refinery margins that is associated with the price of crude oil. The price of
crude oil has no effect on refinery margins if (the coefficient) cquals zcro. A
value of (...) 1 indicates that refinery margins change by the same quantity

as crude oil prices.

Unfortunately, the interpretation should in fact be opposite - in the sctting presented,
the cocfficient of unity implics a full pass-through and no cffect on margin, while the
coefficient equal to zero implies that margins fully absorb changes in USPs.

The analysis of the LR level cquation reveals:

e insignificant inter-state and inter-product differences in the pass-through rates.

Those rates for all but two cascs arc not significantly different from unity at 5%;

e statistically insignificant impact of petroleum stock variables on DSPs (significantly

different from zero only in one out of 26 cases);

e significant (in 11 out of 26 cases) and negative impact of utilisation rate on the
DSPs. The results can be interpreted as a support for the notion that increased

demand lowcrs prices.

The analysis of the ECM modecls reveals no APT in the LR adjustment, which indi-
cates that the adjustment speed is the same at times of increasing and decreasing USPs.

However, the authors lower the significance threshold to 10% and then conclude that
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APT is present in the gasoil price transmission and missing for ULP price transmission.
The rcasoning is based solely on the fact that in 5 out of 13 cases the null of SPT is
rcjected in the case of gasoil price transmission, as compared with 4 rcjections for ULP
price transmission - (p. 1592). Aftcr that conclusion, the authors try to analyse (i) why
the null of APT is not rcjected for ULP and (ii) what causes APT in the gasoil market
and what welfare impact it causcs.

The authors conclude that the most likely cxplanation for the failure to reject SPT
in ULP transmission is the introduction of new variables. The reasoning is that previous
rescarch did not account for utilisation and stock variables, the scries used did not coin-
tegrate, which in turn lead to over-rejection of the null - (p. 1593). This claim is dubious

as.

¢ only one of the additional variables introduced in the study is found to be significant

(and even that not in all of 26 cases);

¢ the models presented also did not cointegrate in all cases (e.g. in the case of gasoil

price transmission the null of no-cointegration is rejected at 5% for only 3 cascs).

All in all, if the lack of cointegration results in over-rejection of APT, the authors should
first re-visit their claims that the transmission in the gasoil market is asymmetric.

The most likely reason for the unorthodox results is the flawed nature of data used.
Most importantly, the definition of utilisation used does not account for the increases in
the short-run level of supply, but instcad for the current utilization rate which mcans
that if some new refining capacity becomces available in the short-run and is utilised at
the normal rate (which is only to be expected as refinerics cannot operate below a certain
break-even point) it will not be reflected in the model, although it might have a significant
impact on the market.

Radchenko & Tsurumi (2006) extend the analysis by Kaufmann & Laskowski (2005)
by adding additional scrics on average per vehicle consumption and average carnings of
industrial workers. The authors also deflate the series using CPI index and exclude the
utilization rates from the analysis. The cstimation is done using the highest posteriori
density estimates from a Baycsian Monte Carlo Markov Chains algorithm (2.61). The
results lead to rcjection of the null of SPT. Unfortunately, the model used (2.61) docs not
account for LR equilibrium (first equation is in first differences without the ECT) and as
such it cannot form a basis for inference on APT,

Ye et al. (2005) continue the research into the effect of geographical aggregation on
APT. This is done using typical ECM fitted for ten different pricing areas (PADDs) in
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the USA. The results indicate widespread APT and differences in pass-through patterns
(degree of pass-through, lag structure, speed of adjustment, cte.) between the analysed
regions. Interestingly, the pan-regional cumulative pass-through estimate is greater than
the volume-weighted regional pass-through estimates, suggesting spatial aggregation bias.

Denni & Frewer (2006) are the first to focus solely on international petroleum markets
with the analysis of crude oil - ARA transmission. Furthermore, they introduce a GARCH
mechanism into ECM modcls. The results do not allow for rejection of the null of SPT
for all series in both SR and LR (except for RFO1 in SR and RFO2 in SR and LR). The
authors continue with the help of an enhanced model that contains additional information
on the refiners’ margins (calculated using additional data and methodology provided in
IEA Encrgy Statistics (2004)). The cnriched model rejects the null of SPT for naphtha,
kerosene, gasoil and RFO1/2.

Verlinda (2006) introduces a Baycsian framework to the spatial analysis of price trans-
mission between wholesale and retail ULP in California, USA. The APT part of the anal-
ysis is performed using (2.13) estimated in the Baycsian framework. The results indicate
widespread APT which disappcars after three wecks and (interestingly) depends on the
brand identity of the station and the degree of local competition.

Wiazlowski et al. (2006) are the first to focus solely on one distinct market using
prices of three different varieties of ULP and to verify the results of traditional, deter-
ministic APT cstimation framcwork (2.24) with the stochastic framework developed by
Hamilton (1989). The results are cohcrent across methodologics and indicate significant
cross-product differences, including co-existence of positive and negative APT on adjacent
markets for close substitutes (for cxample regular and premium petrol). Again, the full
pass-through assumption is taken, but this time it finds support in the estimates.

Hosken ct al. (2007) analysc the transmission wholesale and retail prices charged in
272 stations around Washington, DC. The analysis is focused on pricing bchaviour in
general, but the authors apply (2.13) with ECT sct according to Stock & Watson (1993)
(in the spirit of Borenstein et al. (1997)) and to Engle & Granger (1987) (in the spirit of
Bachmeier & Griffin (2003)). The SPT tests give mixed results, and only faint traces of
APT in SR adjustments arc found.

In the sccond part of the article, Hosken ct al. (2007) conclude that the distribution
of retail gasoline prices has relatively thick tails. The authors also find that while the
median retail margin changes substantially over time (by more than 50%), the shape of the
distribution remains relatively constant. Furthermore, they find that there is substantial

heterogeneity in pricing behaviour: stations charging very low or very high prices are much
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more likcly to maintain their pricing position over time than stations charging prices near
the mean, even after controlling for permanent differences in marginal costs. Using the
panel version of pricing model, the authors find that most of the inter-station variance can
be explained by brand affiliation, local competition or other station-specific attributes.
Lewis (2007) revisits the issuc of APT at the level of US citics. The study focuses
on the price hikes following hurricanc Rita in 85 Midwest, Mid Atlantic and Southern
US citics. This is done by analysing the rclationship between wholesale, and retail prices
of unbranded ULP using scparate LR price equations for every city with data in levels,
daily trends, additional variables designed to capture the height of the peak prices and
the effects of Edgeworth cycles. The results indicate that the manner in which the price
hikes are eliminated differs across geographical locations and the pattern of adjustment
reflects the nature of retail price competition. Furthermore, the Edgeworth cycle proxy
estimation indicates that citics with cyclical patterns are faster to lower their prices after

a shock. No dircct inference on the presence of APT is reported.

3.2 Potential for Improvements

In this scction we review the applied research described above in order to identify possible

shortcomings which could be rectified in this analysis.

3.2.1 Introduction

As scen in Table 3.1, the picturc of non-lincaritics that emerges from the applicd literature,
although wide and comprised of many studies, is also fragmented. As a result, despite
more than 40 articles published on the topic, there is no consensus on where APT is
present and how significant it is. The extent of this fragmentation can be illustrated by
data and tools used and assumptions applied in the literature.

Below we discuss those issucs in greater detail. In particular, in Tables 3.2 - 3.9
we present the meta-analysis of applied rescarch which substantiate conclusions on the

current state of the knowledge of APT.®

3.2.2 Data Used

As discussed by Shin (1992), the data used in price transmission research can significantly

affect the outcome of APT analysis. A striking feature of datasets used in applied APT

9Please note that some studies utilize two or more datasets, estimation techniques, etc. Thus, the
total number of studies in every table might difTer.
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studics is a high degree of their temporal, product and geographical aggregation. Below

we discuss how cach type of aggregation can be introduced into APT study and how it

can affect its results.

Temporal Aggregation Since transaction (tick) data on petrolecum prices are not read-
ily available, a certain degree of aggregation over time cannot be avoided. Here we focus
on two kinds of temporal aggregation - one related to the frequency of the scrics and one
to the relative position of obscrvations with respect to time.

Table 3.2 presents the summary of frequency of data used in applied studies. The
results indicate that petrolecum price transmission studics rely mainly on monthly data.
Although higher frequency data gains popularity, only half of studics utilizes weckly and

daily data, and those are confined mainly to the Northcrn American markets.

Table 3.2: Applied Rescarch - Temporal Aggregation
“Frequency Number of Studics

Monthly 21
Wecekly 16
Daily 4
Bi-weekly 2
Total 43

Since Theil (1954) it is widely acknowledged that cconometric techniques are sensitive
to the choice of the unit in which the data are expressed, including time frequency. This
potentially adverse impact is even more pronounced for APT studics, as the standard
APT moddls (asymmetric ECMs in the form of (2.13), (2.14) and (2.15)) are not covered
by approximation theorems, which mitigate aggregation problems in their symmetric /
lincar counterparts - Geweke (2004). This is clearly illustrated by Karrenbrock (1991)
and Bachmeier & Griffin (2003) who re-visit older studies with data of higher frequency,
only to obtain contradictory results.

For APT studies, Lyon & Thompson (1993) confirm the superiority of high frequency
data by using monthly, quarterly and secmi-annual milk prices to show that margin mod-
clling becomes less informative with higher aggregation, This can be applicd to petroleum

product pricing, as:

e high volatility of cnergy prices and the volume of trade forces agents to respond to

market developments quickly;

o low average lengths of runs up and down suggest frequent reversals of price trends

(for EU petrolcum prices scc Tables A.17 and A.18).
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Temporal aggregation can affect the APT studies also in an indirect fashion. As proved
by Blank & Schmiesing (1990), excessive temporal aggregation distorts lcad-lag relation-
ships and lcads to inconclusive or even incorrect results of causality tests, commonly used
to cstablish the dircction of transmission. For a discussion on causality in APT - sce
scction 3.2.3.

Furthermore, if the data are cxcessively aggregated the rescarchers have to widen the
time coverage of the study (time span of scrics analysed) which increases the probability of
structural changes occurring in pricing relationships. For a discussion of possible impact
of structural changes on APT tests see section 3.2.3.

A broader view on the temporal aggregation is voiced by Rao & Rao (2005a) who
revisits the works of Borenstein et al. (1997) and Bachmeier & Griffin (2003) to show
that if the underlying APT model is properly specified, the temporal aggregation does
not affect the results. The results of (2.15) with ECT specified as described by Engle
& Granger (1987) and Stock & Watson (1993) do not support the rejection of the null
of SPT and the authors conclude that model specification, not data frequency, is the
key influence in the APT tests.’® Asplund ct al. (2000) claim that vertically integrated
retailers in Sweden change their prices every day, which would suggest that daily data
should be used. In contrast, Davis (2007) finds that independent US retailers change their
prices on only 8%-13% of days, which suggests that weekly data could be used.

The sccond type of temporal aggregation occurs when observations on upstrecam or
downstream prices are gathered at different points in time but nonctheless are all treated
as economically linked. This is more likely to adversely affect the results as the upstream
and downstream prices analysed might not be related, so the transition mechanism is mis-
represented. Combined with a lower frequency of data, this kind of aggregation blurs the
picture of price transmission. Applicd rescarch largely neglects this issue - sce discussion
in Wlazlowski ct al. (2006).

Cross-Product Aggregation Prices of oil derivatives vary not only between different
products, but also between brands or even uscs - as in the case of Diescl and gasoils,
discussed on page 32. As Table 3.3 shows, rescarchers tend to use data on few key
products, disrcgarding not only their perfect substitutes (as in the casc of rcgular and
premium gasoline), but also other products (e.g. Diescl, kerosene, RFO1/2, gasoil, which
are covered in less than three studies).

In principle, as long as oil prices are exogenous, all petroleum products should be

100pe reservation applies - Rao & Rao (2005a) claims that Borenstein et al. (1997) incorrectly applies
the Wolfram split (p. 3) which is not the case.
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Table 3.3: Applicd Rescarch - Product Coverage
Product Number of Studics

ULP 24
LP 14
Gasoil 4
Total 42

priced simultancously and follow the same trend, so that the cross-product aggregation
should not lead to significant bias in the estimation.!* Interestingly, some recent studies
do show significant differences in the degree of asymmetry between different product
categorics (e.g. regular and premium ULP - see Wlazlowski ct al. (2006), or cven brands

- sce Verlinda (2006)). However, those issues are not yet fully addressed in the literature.

Tier Aggregation The majority of APT studies uscs only two tiers (usually the ex-
treme oncs, i.e. crude oil and retail). This might blur the picture of price transmission,
especially when the frequency unit chosen is higher than the length of the physical refine-
ment process (reported by Yergin (1991) to reach one month).

Table 3.4 presents the overview of a number of ticrs used in previous studies.?? The
results indicate that the majority of the studics utilize only two ticrs. Furthermore, the
results of mcta-analysis support the carlicr obscrvations about incomparability of tiers in

Canada / the USA and Europe - studics utilizing four tiers cover only North America.

Table 3.4: Applicd Rescarch - Tiers Covered
Method Number of Studics

Two Ticrs 29
Three Tiers 9
Four Ticrs 2
Total 40

This issuc is also related to cstablishing the dircction of causality and endogencity of

price serics (sce section 3.2.3 for details).

Spatial Aggregation Similarly to intertemporal aggregation, the lack of transaction-
level data makes a certain degree of spatial aggregation unavoidable. Unfortunately, the

impact of spatial data aggregation on price transmission has not been studied in detail

11 The only exception would apply to aggregating leaded and unleaded petrol. Whenever LP is phased
out through the EU, its pricing becomes more erratic and less synchronised with the common market
trend. Therefore, studies that sum the prices of those products (e.g. Grasso & Manera (2007)) should be
treated with caution as they not investigate the true market situation, but rather a function of unrelated
pricing decisions.

12Gjven that some studies use different definitions of wholesale and spot markets, comparing the number
of tiers might be more meaningful than listing the names tiers covered.
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so far, although Ye et al. (2005) claim that spatial aggregation might adversely affect
reliability of APT studies. Other studics indicate that city-sized markets do follow some
common trends, so aggregating over them should not affect the results of APT - see
Godby ct al. (2000), Bremmer & Christ (2002), Eckert (2002) and Nocl (2007b). Table

3.5 presents the results of meta-analysis of geographical coverage of APT studics.

Table 3.5: Applied Rescarch - Country Coverage

Country Number of Studics
Us 21
UK 12
Germany 5
the Netherlands 3
Canada 2
Total 42

Note: Other countries were covered in one study. They include Fiji, Philip-
pines, Sweden and Spain.

Applied research covers only seven EU countries and out of that number only five
countrics arc analyscd within a coherent framework (Galcotti ct al. (2003) and Grasso &
Manera (2007) each cover five countries).!® Arpa et al. (2005) utilizc a EU-wide datasct
but not with APT in mind and in a manner that suffers from omissions (information on
foreign exchange and crude oil was left out) and weaknesses (utilizing the completely aban-
doned Bewley’s transformation). The scant coverage of the EU shows how fragmented
the picture of APT is and how rare are cross-country, -product and -ticr comparisons.

Regional data are the only alternative to national price data, however, geographically
disaggregated datascts are rare, expensive and constrained to North America.'* Table 3.6

presents the results of appropriate meta-analysis.

Table 3.6: Applicd Rescarch - Spatial Aggregation

Country Number of Studics
National Level 30
Regional Level 10
International 1
Total 41

Because of the size and the degree of integration of oil business, petroleum price
transmission is not a local phenomena. Although some of the final users will never buy

petrolcum products outside their immediate neighbourhood, the size of oil companies, the

13These are respectively Germany, France, Italy, the Netherlands, Spain, Sweden and the UK and
Germany, France, Italy, Spain and the UK.

14 Asplund et al. (2000) is the only one to utilize European data at this level of disaggregation. However,
his data are constrained to one chain of Swedish filling stations.
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degree of their integration and the uniform nature of the products makes pricing a pan-
regional act. As such, the fact that most of the studics use national data should not be a
significant problem as even the aggregated data should give a coherent picture of pricing
bchaviour. Bearing that in mind, onc has to remember that regional studics are superior
whenever researchers are interested in specific mechanics of pricing (e.g. the value of retail
branding) or testing some of the sophisticated theorics attempting to explain APT (sce
section 6.2 for details).

Sen (2003) analyses the transmission in Canada using city-level data. Using the mod-
clling framework in a form of a pancl of the LR price equations, enriched by lags of explana-
tory variables, city-specific effects, measures of retail market concentration (Herfindahl
index, numbers of competitors and gas stations, volume of salcs, ctc.) and the cconomic
climate (unemployment rate), the author finds that both local retail market concentra-
tion and wholesale prices are significantly associated with trends in retail prices. In the
wholesale market, changes in both the number of local wholesalers and crude oil price are
significantly associated with movements in wholesale prices. However, the results show
that the variance of wholesale prices is a more important determinant of the variance of
retail prices than the variance of local market concentration. Similarly, trends in average
crude oil prices are a morc important determinant of wholesale price relative to local
market competition. As such, as long as markets are integrated, even local differences in

economic conditions should not affect price transmission.

3.2.3 Estimation Methods
Integration and Cointegration

Since cvery APT study utilizes time scrics, issucs of spurious regression and cointegration
arc of uttermost importance. Given that the review of applied work presented in section
3.1 focuscs solcly on the rescarch that used models consistent with the idea of cointegra-
tion, the issuc of spurious regression docs not have to be addressed here. However, once
must remember that although some studics do use cointegration-consistent models, they
nonetheless neglect testing for the order of data integration and the presence of cointegra-
tion between the serics. While this doesn’t invalidate their results, the failure to analyse
and account for the order of data integration could affect the cfficiency of estimation or

reliability of tests performed.
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Table 3.7: Applicd Rescarch - Order of Integration
_Method ~ Number of Studics

" Toested 32
Neglected 8
Total 40

Causality and Endogencity

As pointed out by Geweke (2004), it is possible (although not likely) that prices down-
strcam can causc those upstrecam. Similarly, the problem of endogeneity of variables might
also occur, espccially if some (unobscrvable) determinants of the downstream prices are
corrclated with upstrcam prices, cither because of omitted scasonality / cyclicity or de-
mand shocks. This results in measurement error or simultancous cquations biases (de-
pending on the source of endogeneity). Therefore, correct identification of causality and
endogeneity of the scrics is a prerequisite for obtaining credible results.

Unfortunately, those issucs arc largely neglected in the literature - see discussions in
Borenstein et al. (1997, p. 316-317) and Gewceke (2004, p. 8). Apart from thosc two
studics, only Balke ct al. (1998) and Wlazlowski ct al. (2006) account for thosc issucs in

a comprchensive manner.

Table 3.8: Applicd Resecarch - Direction of Causality
Mecthod Number of Studics

“Tested 8
Neglected 32
Total 40

Stability of Pricing Relationships

As pointed out by Cramon-Taubadel & Meyer (2001) (sce scction 6.2.3 for dctails), sta-
bility of LR pricing rclationship is crucial for maintaining a prescribed size of some of
the APT tests. The presence of structural changes might affect the size of the APT
tests and lead to crroncous inference. Furthermore, as shown by Johansen, Mosconi &
Nielsen (2000), the presence of structural changes may lead to potential over-rejection of
cointcgration hypothesis.

Despite the scriousness of the above, with the exception of Sumner (1990), Manning
(1991), Reilly & Witt (1998), Drifficld et al. (2003) and Wlazlowski ct al. (2006), the

existing literature disrcgards the of structural changes in price rclationships.
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Models Applied Table 3.9 shows that among all models described in chapter 2, the

most commonly uscd are those based on the augmented ECM.

Table 3.9: Applied Rescarch - Estimation Methods

Mecthod : Number of Studies
ECM (2.13, 2.15) 29
TAR (2.35, 2.36) 6
Other (2.3 and VARs) 5
Total 40

Given the drawbacks of ECM-based models described in scction 2.2.3, onc has to
conclude that a significant portion of applied literature has to be treated with some
caution. In particular, the ECM-based modcls utilize a framework with potentially low
power, do not allow for efficient assessment of the excess of APT or regime identification
and could lcad to incorrect cconomic interpretation - see discussion on page 50. Other
estimation techniques suffer either from arbitrary assumptions (PAMs) or difficulties in

testing the null of SPT (SETAR modecls, discussed in scction 2.2.4).

Testing for Non-linearities

Some of the articles attempt to measure APT without testing the null of SPT first. This
is mainly because they use TAR models, which invalidate traditional testing framework
(sce Davies (1987)) and require derivation of asymptotics or computationally-burdensome
bootstrap methods (scc Hansen (1997)). The past rescarch either neglects this crucial
clement (Wlazlowski (2003a) or Lewis (2004)) or misrepresents SPT tests.!® Notable
exceptions include Godby ct al. (2000), Grasso & Mancra (2007) and Wlazlowski ct al.
(2006).

3.2.4 Assumptions Made

In every picce of applied research, certain assumptions and simplifications are unavoidable.
In this scction we discuss those that could potentially adversely affect the reliability of
APT studics. We scparatcly discuss assumptions taken dircctly and thosc resulting from

tools used in the rescarch.

13This involves reporting aggregate responses to upstream increases and decreases with appropriate
confidence intervals - Borenstein et al. (1997).
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Direct Assumptions

The choice of economic tiers, between which the transmission is assumed to take place,
can drastically affect the results of APT analysis. This mainly applies to the choice
of particular crude oil price series, as prices of many different varieties are available to
rescarchers. The problem is only worsened as crudes arc traded internationally, publicly
priced and are believed to be perfect substitutes (for a discussion of this claim sce section
1.3). While the majority of the studics scem to analyse transmission between related tiers,
Galeotti et al. (2003) link ULP in the EU with US crude oil and Driffield et al. (2003)
links ULP in the UK with Saudi crude.

Similarly to temporal aggregation, aggregation of data across transmission tiers is an
outcome of limited data availability. This in particular applics to middle ticrs, which are

difficult to identify (sce section 1.3) and are not covered by the traditional data sources.'6

Indirect Assumptions

Estimation techniques introduce indirect assumptions cither through the pricing function
cmployed in the analysis or through the framework used to test the null of SPT.

The first set of assuinptions is related to the pricing function modelled. As discussed
in scction 2.2.1, the choice is between lincar and Cobb-Douglas functions. This choice
determines: (i) elasticity and flexibility of pricing function; (ii) the pass-through and
whether the mark-up is expressed in constant monctary or percentage units; (iii) how the
foreign exchange variable is introduced into the relationship.

Some authors decide to assume full pass-through between upstream and downstrcam
prices, which is disputable - especially when in order to include the foreign exchange rates,
they also usc Cobb-Douglas pricing function. Since this function expresses downstrcam
prices as a percentage of upstream prices, if fixed costs are present, the full pass-through
should not to be expected. Accordingly, if transmission originates from the crude oil,
regardless of the pricing function, it is hard to expect the full pass-through since scveral
products arc obtained from the same crude.

Accordingly, the assumption of constant monctary margin might be criticised, cven in
cascs when upstrecam and downstream prices arc expressed in the same currency. This
might be for two rcasons: (i) the pass-through estimates often diverge from unity (sce

discussion Lewis (2004) and Verlinda (2006)) and (ii) the microanalysis indicates that the

186 This is clearly visible when comparing EU and US - see Borenstein et al. (1997) and Denni & Frewer
(2006). While in the US there are several similar wholesale (PADD-level) markets, EU countries have
largely independent and incomparable national wholesale markets.
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assumption of constant monctary mark-up misses important aspects of gasoline station’s
pricing behaviour - Hosken et al. (2007, p. 20).}” Furthermore, the assumption of variable
elasticity implied by the linear function does not find support in the literature.

The pricing function could also be cnriched by introduction of other costs. This
solution, first proposed by Sumner (1990) involves taking some far-reaching assumptions
about the nature of other costs present and the way to proxy them (for example Sumner
(1990) utilizes labour costs). Reilly & Witt (1998) and Wlazlowski (2003a) proxy all
other costs by a linear trend, but this assumption implies a constant rate of cost inflation,
which is disputable. Furthermore, inclusion of a lincar trend means de-trending the data,
which might be challenged as petroleum prices do not exhibit a significant and common
trend.

A typical assumption induced by SPT testing framework is that of a bi-polar shape of
non-lincaritics and sudden change of the pricing regimes. It implies that pricing agents
focus on onc dimension of the market situation (such as the direction of the price change)
and disregard the intricacics of the market situation (such as the size of the change, past
trends, etc.). While some rescarchers acknowledge that there is more to pricing than a
simple bi-polar model (for example Godby ct al. (2000) and Wlazlowski (2003a)), tools
that assume sudden shifts between a discrete number of pricing regimes are still commonly
uscd.

The sudden change of pricing behaviour is inherent in almost all models utilized in the
applicd litcrature - sce Table 3.9 for an overview. This is either done directly - as implied
by the regime change in SETAR models or indirectly - through the numerous regimes of
ECM-based models, caused by the SR and LR variables, cach split in two. In both cascs,
it implics that pricing agents operate in a binary fashion, which is highly unlikely given
the plethora of agents operating in every market and their diversity - McFadden (2001).

One has to remember that whenever prices at different ticers arc expressed in different
currencics, an appropriatc cxchange rate must be included in the analysis, as neglecting
that fundamental aspect of the study invalidates the inference - see Contin et al. (2004).
A similar but less dangerous assumption is to limit the source of APT only to upstrcam
prices and not FEX - this applies to Drifficld ct al. (2003). This could be cither rectified in
a dircct manner - as advocated in Reilly & Witt (1998) or indirectly - through estimation
of SETAR/STAR models for residuals from Cobb-Douglas level equation.

17The most significant elements might include return on variable costs.
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3.2.5 Proposed Improvements

In this scction we discuss the key improvements introduced in this rescarch. They are

addressed in detail in the next three chapters.

Data

Since we use multi -country, -product and -ticr datasct of high frequency, we are able to
obtain a comprchensive overview of petroleum markets in the EU. Furthermore, we use
the same-day daily data which guarantces that the economic linkages between prices are
preserved. The datasct used in this dissertation is discussed in greater detail in scction
4.1.1.

Estimation

For the corc analysis and testing the null of SPT we utilize smooth transition modecls
(STAR) which allow us to analyse for a wider range of non-lincaritics without imposing
a particular shape of non-lincaritics (sce discussion about transition functions given by
(2.39) and (2.40)). Such a framework involves straightforward testing for the presence
of non-lincaritics, without computationally complex simulations and bootstrap. Further-
more, unlike previously applied techniques, STAR modcls do not imply sudden and dra-
matic changes in pricing regime, but rather smooth transition between two sets of pricing
behaviours. An additional advantage of those modcls is that they depend on contempo-
rancous discquilibria, rather than on a long price history and cope better with imperfee-
tions of the data, such as intcrtemporal aggregation and structural changes. Last but not
least, STAR models offer a reasonably straightforward framework for simulation of pric-
ing responses to market developments of different character and magnitude. A detailed
discussion of the proposed econometric framework is presented in scctions 4.1.1, 4.2 and

5.2.1.

Assumptions

Compared to the previous research, we do not impose significant restrictions on the nature
of the pricing relationships and the shape of APT. Whenever this is not possible, we verify
the validity of the assumptions made. In particular, given the conflicting evidence on full
pass-through assumption given by Norman & Shin (1991), Wlazlowski (2003a), Kaufmann
& Laskowski (2005) and Ye ct al. (2005) on onc hand and Borenstcin & Shephard (1996),
Driffield et al. (2003), Lewis (2004) and Wlazlowski et al. (2006) on the other, we attempt
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to perform the appropriate tests. Accordingly, we recognize that the sample uscd in this
rescarch covers times of changing prices so that a constant monctary-margin assumption
madc c.g. by Bacon (1991) and Borenstcin et al. (1997) is not credible. Therefore, we uti-
lize a Cobb-Douglas function which assumes constant percentage mark-up - which allows
for cost-plus pricing, which is common within integrated companices - Holmstrom & Tirole
(1991). Furthermore, the pricing function uscd allows for straightforward incorporation
of forcign exchange ratcs, nccessary given that EU prices are not denominated in USD.

Perhaps more importantly, we utilize the framework that allows us to test the null
of SPT without spccifying the alternative. We utilize the procedure that can help us to
distinguish between LSTAR and ESTAR type of non-lincaritics. The correct formulation
of the transition function is of uttcrmost importance as it allows us to distinguish between
welfare decrecasing non-lincarities (proxied by LSTAR model) and more mundanc non-
lincarities causcd by market frictions (proxied by ESTAR model).

In the next chapter we attempt to rectify the first two issues identified here - i.e. those
related to suboptimal pricing data and the issues of endogeneity and causality in crude

oil prices.
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Chapter 4

Long-run Equilibrium in Petroleum

Markets

This chapter describes the first part of the applied analysis of the EU price transmission
and is based on Wlazlowski (2007) and Hagstromer & Wlazlowski (2007). Firstly, we
present the dataset used and discuss in what ways it constitutes an improvement over
data used in previous studies. Secondly, we discuss the issues of causality between differ-
ent crude oil prices and problems with the choice of the crude for the analysis. Next, after
identifying crudes from which price transmission should originate, we analyse if this trans-
mission is properly defined. Once the issue of exogeneity of upstream prices is addressed,
we check for the propertics of the price serics and whether the relationship we analyse
is not spurious. After ascertaining that indeed upstream prices define prices downstream

we analyse the propertics of the long-run relationship between those serics.

4.1 Midstream and Downstream Data

4.1.1 Introduction

Our data cover the period 1995-2005 (for the “old” EU countrics) and 2004-2005 (for the
“new” EU countries). The datasct comprises daily obscrvations taken at weckly intervals
for four major groups of series: (i) retail prices - DSPs, (ii) midstream prices - MSPs,
(iii) crude oil prices - USPs and (iv) appropriate forcign exchange rates. In this scction
we analyse DSPs and MSPs, and the choice of crude oil is described in detail in the next

scction.
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DSPs

DSPs come from the Oil Bulletin published by the Europcan Commission. For all Euro-
zone countries, prices denoted in Euro after January 1, 2002 are translated into the
original currencies using fixed parities established by the European Central Bank. This is
the standard practice in price transmission studics, used e.g. in Grasso & Mancra (2007).!

Prior to the analysis, all DSP scrics were revised to assure consistency and applicability

of statistical techniques. The following actions were taken:

(CY.LP) (BELP) (EERFO-1) (HURFO-2) (EERFO-1)
® U v Ui y Ui y Yo v Yt

removed from the sample (those serics had less than five observations or no price

(LV,RFO-2-1)
t

and y were

variance);

FO- IE,RFO-2
EIE.R 0-1) and ys )

ey were identical, so only one of them was uscd.

USPs

USPs quotes come from two sources: (i) weekly prices of 32 varictics of crudes spanning
the period January 1997 - March 2006 come from the Encrgy Information Agency, (ii)
daily prices of threc major benchmark crudes from January 1994 to December 2005 come
from the DataStrcam database. The obscrvations uscd in the analysis are taken for the
same (or the earliest available) day as the DSPs. When the data were not available
on that particular day, the previous calendar day’s prices are used. This approach is
common in the literature, and advocated c.g. by Garber (1986). It allowed us to solve
the intertemporal alignment problem described in section 3.2.2.

Additional information on quality of the crudes (as described by light/medium/heavy
varieties) was also gathered from industry publications. The classification adopted is

described in section 4.2.1.

MSPs

Usage of a comprchensive MSP datasct constitutes one of the improvements over the
previous studics. In this analysis we usc mid-strcam pricc data provided by Platt’s - a
lcading industry consultancy and popular price data provider.

The price scries represent a true market assessment of the value of petroleum products.

Platt’s (20065, p. 2) defines the observations as:

In principle, the introduction of Euro could have affected the price transmission via the “money
illusion” phenomenon and higher real mark-ups. In practice, the whole process was closely monitored by
the authorities in order to prevent it. Their success is confirmed for example by Glauben, Loy & Meyer
(2005) who fails to find any evidence that introduction of EUR affected symmetry of price transmission.

103



(...) transactable valuc prevailing at 16.30:00 (British Time, which) rc-

flects values on a market-on-close basis. (...) Platt’s considers transactions,

bid/offer levels and market indications that are reflective of typical conditions

and originating from sources deecmed reliable.

Furthermore, Platt’s data are widely uscd as a reference point in so called price formulae

used to price the over-the-counter transactions - sce Clacssens & Varangis (1995) and

Bacon & Kojima (2006). Given the above, the data used in this dissertation offer a

comprehensive and reliable coverage of the medium stage in price transmission. Table 4.1

presents the details of the prices chosen for the analysis.

Table 4.1: Description of the MSP Scrics

Name

Code Location?

Description

From-To

ULP
Diesel

HO

RFO.1

RFO.2

LpG?

Lp4

PGABMO0O  AR-
POAAGO0 -R-
PUAAPO0 ARA
PUABCO0 -R-

PMAAS0O0 ARA

PGABV00

MED

The barge assessments represent 95 RON, 85
MON Cerman grade material with a specific
gravity basis of 0.755 g/ml. The maximum
sulphur is 10 ppm. Aromatics limit is 35 max.
No consistent assessment available
The barge assessments represent heating oil
grades with a specific gravity of 0.845 g/ml
with & maximum sulphur content of 0.2%.
The assessment reflects Belgium specification
fuel oil with a maximum sulphur of 1%. Ger-
man specification material is not reflected.
The quality represented is, however, in line
with power plant requirements in the region.
This results in the price of the material being
influenced by specification such es metals con-
tent 8 much as the sulphur content. The met-
als content in the 3.5% sulphur is tighter than
the specifications in 1.0% barges. This may
result in 1.0% sulphur being at times cheaper
than 3.5%, but the cause is the metals con-
tent, obviously not the sulphur.
3.5% sulphur barges reflect RMG 35 bunker
grade material. Typical specifications are 3 to
4% sulphur content, specific gravity of 0.991
g/ml, and viscosity of around 380 centistokes
at 50 degrees C.
Propane Pressurised vessels including both
ficld-grade and refinery material with a min-
imum of 93% C3s and a maximum of 30%
olefinic content.
Prem 0.15 FOB

3/1]1994 30/12/2005

3/1/1994 30/12/2005

3/1/1894 30/12/2005

3/1/1994 30/12/2006

7/1/1994  30/12/2005

3/1/1994 31/3/2005

Before the analysis, the dataset was revicwed so as to ascertain consistency with other

series and ability to reflect the economic character of the APT phenomenon analysed.

Bclow we summarize steps taken.

All Series By dcfault, Platt’s presents daily high and low quotes. Garman & Klass

(1980) claim that utilising high/low quotes instead of open/close can give significantly

better cstimates of the market situation and therefore it is advised c.g. for the purposes

of volatility testing. Accordingly, we used the daily high-low averages.

2ARA - Amsterdam-Rotterdam-Antwerp.
3Until December 1995, the data were published on a weekly basis (every Thursday).
4Data for the last 9 months of 2005 is not available.
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LP In 2002 the changes in the EU environmental regulations rendered the use of lead
in petrolcum illegal. However, EU granted some member states the right to scll motor
spirits in which environmentally harmful substances were replaced and which could be
uscd in older cars. For all the practical purposcs, the trade in those products should be
considered a continuation of the trade in leaded petrol. This was recognised by Platt’s

and reflected in its asscssments - Platt’s (20065, p. 69).

LPG LPG began to be widcly uscd as a motor spirit rclatively late (in the late mid-
1990s). Therefore, the official data for the years 1994-1995 were published on a weekly
basis (every Thursday). From 1996 onwards, the daily data were available. This should
not affect the results of the analysis - as DSP data were also presented on the weekly
basis (carlier day) and the USP data are available on a daily basis.

Apart from issucs with availability of price data, LPG stands out compared to the
other products as it can be obtained from two sources - from crude oil refinement or
natural gas extraction (associated gas). Worldwide, about 40% of the LPG is produced
in crude oil refining and 60% is produced during crude oil and natural gas extraction -
Hekkert, Hendriks, Faaij & Neelis (2005). Those two sources differ significantly in terms
of production technology (associated gas docs not have to be processed unlike crude oil)
and economic propertics (transporting LPG from the cxtraction site to the consumer is
less cfficicnt than transporting crude oil to the refiner). Thercfore, although crude oil
remains the main source of LPG, its pricing mechanism is unique in some aspects. The

empirical analysis presented in the following chapters confirms this.

Diesel DBccause of the increasing popularity of Dicsel engines and rclated changes in
the local and EU-wide environmental regulations, more than one series should be used to

cover trade in this motor spirit. Platt’s publishes the following asscssments:

e AFI - Gasoil EN590 FOB Rotterdam - Barges, starts on 02/09/1996, cnds on
31/03/2003;

e AQF - Gasoil EN590 FOB North-West Europe Cargo Hi, starts on 01/07/1994, ends
on 31/12/2004;

e GMK - Dicsel 50ppm FOB Amsterdam Rotterdam Antwerp - Barges, starts on
02/04/2001, cnds on 16/02/2007;

e KWR - Dicsel 10ppm FOB North-West Europe, starts on 02/12/2002, cnds on
16/02/2007;
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* OQA - Dicsel 50ppm FOB North-West Europe - Cargocs, starts on 01/07/2004,
ends on 16/02/2007;

e JUS - Dicscl 10ppm FOB Amsterdam Rotterdam Antwerp - Barges, starts on
01/10/2002, ends on 16/02/2007;

e IKM - Diesel 50ppm UK Cargoes, starts on 01/02/2002, cnds on 16/02/2007.

The results of the chemical analysis presented in Platt’s (20065) indicate that all the
above-listed products are perfect substitutes, differentiated only by the sulphur content.
Furthermore, the assessments refer to products traded in close geographical proximity.
In order to ascertain that the scrics were indeed similar, we calculated the correlation

coefficient for the changes in the scries. Table 4.2 presents the results.

Table 4.2: Diesel Serics - Corrclation of First Differences

Codes Correlation Begin End

AFL-AQF 0.843 03/09/1996 31/03/2003
AFI-GMK 0.967 03/04/2001 31/03/2003
AFI-KWR 0.613 03/12/2002 31/03/2003
AFI-JUS 0.976 02/10/2002 31/03/2003
AFI-IKM 0.698 04/02/2002 31/03/2003
AQF-GMK 0.781 03/04/2001 31/12/2004
AQF-KWR 0937  03/12/2002 31/12/2004
AQF-OQA 0.946 02/07/2004 31/12/2004
AQF-JUS 0.747  02/10/2002 31/12/2004
AQF-IKM 0.927 04/02/2002 31/12/2004
GMK-KWR 0.888 03/12/2002 16/02/2007
GMK-OQA 0.937 02/07/2004 16/02/2007
GMK-JUS 0.979 02/10/2002 16/02/2007
GMK-IKM 0.884 04/02/2002 16/02/2007
KWR-OQA 0.988 02/07/2004 16/02/2007
KWR-JUS 0.879 03/12/2002 16/02/2007
KWR-IKM 0978  03/12/2002 16/02/2007
OQA-JUS 0.934 02/07/2004 16/02/2007
OQA-IKM 0.984 02/07/2004 16/02/2007
JUS-IKM 0.871 02/10/2002 16/02/2007

The correlation between changes in price series is high, confirming that all products
arc closc substitutes. Given the above, the scrics could be combined into one scrics
that would reflect the market situation while accounting for the changing environmental
policics. DBased on the results presented above and industry information provided in
Platt’s (2006a), the final series for Diesel oil was obtained by merging three sub-series
for different qualities of Diesel - AQF (complying with the EN590 regulations), IKM (the
first series accounting for the strict environmental laws introduced in the EU) and KWR

(a series which which reflects the introduction of 10ppm rule). The time domains of the
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sub-series are: (i) July 1, 1994 - February 1, 2002 (AQF), (ii) February 1, 2002 - December
1, 2002 and (iii) Dccember 2, 2002 - December 30, 2005 (KWR). The resulting series is

used throughout the entire analysis.

Exchange Rate

Data on the exchange rates between local currencies and USD come from the DataStream
database. The data follow the official exchange up till the introduction of EUR, after
which the exchange rate follows the EUR/USD exchange rate. Similarly to MSP / USP
data, the exchange rate quotes are taken for the same (or the carliest available) day as

the appropriate USD upstream asscssment.

4.1.2 Properties of the Data
Summary Statistics

Tables A.17, A.18 and A.19 present the summary statistics of the DSPs, MSPs and USPs,
respectively. The serics are found to cxhibit non-normality (as indicated by skewness and
kurtosis cstimates - 1; and 7) which is typical for high frequency market series - Chan
(2002).

Order of Integration

Table A.22 presents the results of the ADF tests for all the series and their first differences.
The tests of the null hypothesis of stationarity, with the lag order k cqual to | ((ny —1)3)]
utilize the critical valucs taken from Bancrjce ct al. (1993, Table 4.2, p. 103). Virtually
all series are found to be integrated of order one and their first differences are found to

be stationary (as is the casc for most price data).®

Runs

Following Eckert (2002), we analyse the distribution of price runs in DSPs, ie. the
empirical distribution of lengths of periods in which the prices continuously increased or

fell. Table A.70 presents the data on:

e number of runs and their average length (split between runs up, runs down and

constant runs);

5The only exception is for the Czech Republic, for which the first difference was found to be also (1),
this however, might be due to the short sample. Since standard ADF tests are susceptible to volatility
clustering and structural breaks, the results were also verified with the help of Phillips-Perron tests for
the null hypothesis that a series has a unit root - Perron (1988). The results remained unchanged.
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» average increasc and average decreasc;

e number of increases and decreascs, together with the KS test of the null that in

absolute terms increases and decreases come from the same distribution.

Bascd on the results obtained we have no reason to reject the null that all price increascs
and decrcascs arc drawn from the same (in absolute terms) distribution. While the signif-
icance of this finding is discussed at length in section 6.2.3, it is enough to state here that
the results suggest that price cycles (if present at all in the sample) are fairly symmetric

in terms of their lengths and sizes.
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4.2 Crude Oil Data

4.2.1 Motivation

Any analysis of the energy markets must address the peculiarities of crude oil supply
described in the section 1.3. Failure to identify the correct starting point of price trans-
mission (c.g. the right varicty of crude oil) might invalidate the inference as prices analysed
are not linked according to cconomic transactions.

The biggest challenges in terms of reliability are posed by (i) the existence of a plethora
of different varieties of crudes, some of which are only imperfect substitutes for each other,
and (ii) difficulties in finding the crude oil whose prices represent the market and can be

used for the purposes of the analysis of price transmission. Below, we address those issucs.

Varieties of Crude Qil

Crude oil comes in a plethora of varicties usually distinguished based on their coun-
try/region of origin and chemical properties. Given the costs of adjusting the refining
process to a different quality of crude oil, any detailed analysis of crude oil markets must
involve the discussion of crude oil quality - see section 1.3. Since different varietics of crude
oils are only imperfect substitutes and there are over 500 of them traded internationally,
one has to identify which crudes most closely represent the prevalent market behaviour.
The perfect solution to the problem would be to analyse the actual crude oil feeds into
EU refineries and choose the most popular one. Unfortunalely, the feed structure evolves
and the consistent data on the 25 EU countrics comprising the sample arc not available
- sec Antill & Arnott (2000, p. 42) for a discussion about data availability. Furthcrmore,
given the technological diversity of EU refineries, no single crude is used in all countries.’
The available data suggest that the EU enjoys disaggregated supply of crude oil, both
in terms of geography and quality. Figure 4.1 shows the sources of crudes in the EU-15,
split between geographic regions and quality. Figures 4.2 - 4.4 present the evolution of
the supply structure over time - they indicate that the diversification of the EU supply
is fairly stable over time and offers no support for the claims that a particular crude /
class of crudes dominates the supply. The increase in the usage of low quality / heavy
crudes, although clearly visible, is still not large enough to make thosc crudes dominate

the market.

6The most striking feature of the market is the continuing East-West split, with ex-Communist coun-
tries still feeding the Russian high sulphur oil using technologies supplied by the FSU countries - Antill
& Arnott (2000).
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Figure 4.1: Supply of European Crude Oil

Source: Eurostat.

Importance of Price Benchmarks

Given how diversified the supply structure is, it impossible to find one crude or class of
crudes that could be considered to be the main feed for the EU refineries. Therefore, it is
necessary to find a reliable market indicator that can be applied for the purposes of the
analysis. Such crude, while not physically and directly driving the prices of the petroleum
products in the EU, could cause changes in the prices of other crudes and thus affect the
whole EU market.

The easiest criterion for establishing such a crude is to analyse which crude leads others
with respect to prices, i.e. initiates the market changes. Such crude would capture the
market trends and drive other crudes. Obviously, its prices would proxy prices of other
crude oils and could be easily used for the purposes of price transmission analysis.

This is also important given the trends visible in the global markets - in particular
(i) increasing share of low quality crudes in the global supply, and (ii) strong focus on
high quality crudes, which although in short supply, are still considered to be the reliable
indicators of the market situation.

With global energy demand soaring, more and more reservoirs of different varieties
of crude oils enter the energy markets (see Bahree & Gold (2006), for most recent ex-
amples). In the increasingly volatile crude oil market, the differences in crudes’ qualities
(light/medium/heavy, sweet/sour, etc.) prevent straightforward observations of which
crudes swiftly reflect changes in market segments and can be regarded as benchmark
crudes - see Wilkinson (2004).

There are three well-established benchmark crudes on the market: Brent, WTI and
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Dubai Fateh. In practice, these scrved as guidelines for price-sctting since the mid-
1980s - Platt’s (2006a), but their relevance cannot be taken for granted. In fact, their
leading role has declined over the years because of the two main reasons - see Wilkinson
(2004) and Montcpeque (2005). Firstly, Brent and WTI arc both high quality crudes
(light and sweet), whereas the global crude oil market is more and more concerned with
lower quality crudes (hcavy and sour). Secondly, the actual trade in benchmark crudes
is decrcasing, which makes them more vulncrable to market manipulation and requires
periodical adjustments in the definitions of the benchmark. This is usually defined by the
business news providers, such as Platt's and Petroleum Argus. The examples presented
below are taken from Fattouh (2006) and illustrate potential dangers and actions taken

to counter them:

e the Brent system witnessed a decline in supply in the carly 1990s and had to be
mingled with the Ninian system. The combined production (still known as Brent)
increased to around 900,000 bpd in 1992, but by 2002 fell to around 350,000 bpd
and again had to be mingled with other crudes (Fortics and Oscberg) to increase

the supply to 60-70 cargoes per month;
e WTI sources steadily depleted until they reached the level of 400,000 bpd in 2002;

e the volume of Dubai supply has dropped from a peak of 400,000 bpd in the early
1990s to under 120,000 bpd in 2004, with production at 100,000 bpd in 2005. In
2006, Dubai crude continucd to fall and reached the level of 90,000 bpd, i.c. around
five cargoes each month, with only four of these cargoes traded on the spot market.
Due to this rapid fall in Dubai’s oil production, in 2001 Platt’s introduced Oman

into the assessment mechanism.”

It is important to remember that the benchmarks arc traded on the organized market,
which balances and clears supply and demand. Even though the volume of trade on that
market is minute compared to the market for term / over-the-counter contracts, the price
is determined at the margin, i.e. in the spot market. Given their low market share, the

benchmark crudes are more susceptible to manipulation - Platt’s (2006a):

Volume of oil available for spot trading may fall bclow a critical threshold
(and) it may become possible for companics to buy or control all the available

cargocs and squeeze the market.

7Some additional information about problems with crude oil benchmarks can be found in Montepeque
(2005) and Fattouh (2007).
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Last but not least, for some crudes (most notably WTI), the pricing is partially dic-
tated by the infrastructure logistics. For example, the 2007 bottlencck around Cushing,
Oklahoma caused the decoupling of WTI prices from worldwide markets with potentially
disastrous results - Fattouh (2007). Similarly, prices of benchmarks crudes arc increas-
ingly vulnerable to manipulation. How dangerous such a situation could be is illustrated
by the 2008 oil price record which was caused by one trader who intentionally pushed the
WTI prices over the 100 USD per barrel record with one very small order at the personal
expense of 600 USD - BBC (2008).

These weaknesses of cstablished benchmarks indicate that the relationships between
prices of different crudes should be analysed so as to establish which crudes drive overall
market prices and thus correctly represent market behaviour. Those crudes might serve
if not as benchmarks then at least as robust indicators of the market situation. In this
scction, we seck to identify these indicator crudes.

Given the importance of identifying linkages between various kinds of crude oils,
causality in crude oil prices has reccived surprisingly little attention. Previous rescarch
has stated various price sctting relationships between oil qualitics, but the investigation
was constrainced with respect to geographical markets and number of crudes.

Horsncll (1990) states that Dubai tends to be followed by Suez Blend. Montepeque
(2005) states that Brent is followed by Mediterrancan Russian Urals and that WTI is
followed by Mars (an American sour crude benchmark, virtually unknown in Europe).
Lin & Tamvakis (2004) arguc that the price changes of Brent in London follow the price
changes of WTI in New York. While previous rescarch provides valuable insight into the

global mechanisms of crude oil pricing, it covers only parts of the market.

4.2.2 Empirical Analysis

For the purposes of the analysis, the issue of finding a benchmark crude has to be anal-
ysed in a comprehensive manner, accounting for the entire global market. To meet that
challenge, this analysis approachces the issuc of causality in the crude oil market in a way

that is unique in two respects:

o firstly, we model 32 diffcrent kinds of crudes, thus obtaining a complete picture of

global interdependencices;

e sccondly, we account for several characteristics of different crude oils, effectively

analysing both the global market and its scgments, such as:
— quality scgments (sweet and sour, and light, medium and heavy density crudes);
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— geographical scgments;

— scgments for OPEC and non-OPEC products.

Our analysis is bascd on Granger causality tests which have been previously used to
analyse the dircction of causality in energy markets - sce Manning (1991).

Montepeque (2005) provides a list of featurcs that a good benchmark crude ideally
should fulfill, but to the best of author’s knowledge no empirical work exists which ex-
plicitly addresses the global market price dependencies. The question therefore remains
about which varieties of crude first respond to changing market conditions (and therefore
represent uscful indicators for practitioners and policy makers), and which simply follow
them (as one would expect in a closely integrated global market). However, a distinction
should be made between benchmarks, that are used in practice for price sctting and qual-
ity reference, and price setters, i.e. the crudes actually showing price changes first. In
this section we focus on the latter. We identify crude oils which can be defined as price
setters in the world markets and in different market segments.

The main motivation of the work is to identify the drivers of market trends in the
global and local oil markets. The identification of these factors can be scen as relevant
to companics worldwide when attempting to form expectations about future cnergy costs
and to policy-makers when forccasting fucl and transport costs within the cconomy and
their role in creating inflationary pressures.

QOur approach docs not involve a shift from the principle of a physical marker crude
to futures-based market formula since it docs not address the problems of speculative
influence, physical manipulation and quality differentials (see Rehaag (1999) for a discus-
sion). To obtain a complcte overvicw, the testing framework was applied to cach pair of
32 different crude oil qualities. The results are interpreted globally and in various sub-
groups, by splitting the crudes according to geographical origin, crude oil characteristic
(API and sulphur content) and OPEC membership of the origin country. This allows us
to cstablish:

e which crudes first respond to changes in the market environment - and therefore are

price setlers;
¢ which crudes mainly follow others - and thercfore are price takers,

Based on the crude oil classification provided by OPEC (2005), we classified various crudes

according to their:
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e quality - the quality scgments considered are light density & sweet, medium density

)

& sweet, and medium density & sour;

o geographical source - the regions considered arc Europe, Middle East & Northern

Africa (the MENA countrics), Americas (including North, Central and South Amer-

ica), Sub-Saharan Africa, and Asia & Australia (cxcluding Middle East);

o whether they were supplicd by an OPEC member state.

Light density and sweet segments contain 9 crudes each; medium density / sour scg-
ment contains 13; and medium density / sweet secgment contains 6. The sample for the
quality segments of light density, sweet crudes and heavy density, sour crudes is too small
for any practical purposcs. The geographical scgments arc Europe (4 crudes), North and
South Amcrican (8), Middle East and North Africa (13), Sub-Saharan Africa (4), and
Asia and Australia (4). There are 17 crudes produced in non-OPEC countries, while the

remaining 15 come from OPEC countrics.

Table 4.3 presents details of the classification followed in this analysis.

Table 4.3: Crudes Analysed - APT and Sulphur Content

Symbol Crude API Sulphur (%)
Non-OPEC
;" WTI Cushing 40° - light 0.2 - sweet
z? Europe Brent 38° - light 0.4 - sweet
x?’ Europe Norwegian Ekofisk 43° - light 0.1 - sweet
z Canadian Par 40° - light 0.3 - sweet
:z:E"’] Canada Lloyd Blend 22° - hcavy 3.1 - sour
z® Mexico Isthmus 35° - medium 1.5 - sour
z{" Mexico Maya 22° - heavy 3.3 - sour
z®) Colombia Cano Limon 30° - medium 0.5 - sweet
:cgg) Ecuador Oricnte 20° - medium 1.0 - sour
2% Angola Cabinda 32° - medium 0.2 - sweet
2" Camcroon Kole 35° - medium 0.3 - sweet
:rgm Egypt Sucz Blend 32° - medium 1.5 - sour
7™ Oman Blend 34° - medium 0.8 - sour
;rf“’ Australia Gippsland 45° - light 0.1 - swect
7™ Malaysia Tapis 44° - light 0.1 - sweet
595} Mcditerrancan Russian Urals 32° - medium 1.3 - sour
zg"’ China Daqing 33° - medium 0.1 - sweet
OPEC

Tz Saudi Arabia Saudi Light 34° - medium 1.7 - sour
xEmJ Saudi Arabia Arab Mcdium 31° - medium 2,3 - sour
70 Saudi Arabia Saudi Heavy 28° - medium 2.8 - sour
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Table 4.3: Crudes Analysed - APT and Sulphur Content

Symbol Crude API Sulphur (%)
T Asia Murban 40° - light 0.8 - sour
7% Asia Dubai Fateh 32° - medium 1.9 - sour
z{®) Qatar Dukhan 40° - light 1.2 - sour
31(24) Mediterrancan Seri Kerir Iran Light  34° - medium 1.4 - sour
x£25) Mediterrancan  Seri  Kerir Iran  31° - medium 1.6 - sour
Heavy

z?“’ Kuwait Blend 31° - medium 2.5 - sour
z*" Algeria Saharan Blend 44° - light 0.1 - sweet
1:528) Europc Nigerian Bonny Light 37° - light 0.1 - sweet
;rg?‘g) Europe Forcados 30° - medium 0.3 - swect
3530’ Europe Libyan Es Sider 37° - light 0.4 - sweet
23D Indonesia Minas 34° - medium 0.1 - sweet
7% Venezucla Tia Juana 31° - medium 1.1 - sour

For cach pair of the scrics, a Granger causality test was performed. Bivariate Granger

® and z )) cvaluate whether the past values of x('}

contain information useful for predicting x(") once xi’”s history has been modelled. The

causality tests for a pair of variables (z;

null hypothesis, evaluated at a significance level of 5%, is that the past p values of 2" do
not help in prcdlctmg the valuc of :ct’) The test is implemented by regressing :c(’} on p
past valucs of z" and p past valucs of x,’ ). An F-test is then used to determine whether
the coefficients of the p past valucs of 2 are jointly zcro - Granger (1969). Each pair is

evaluated as follows:

m = Xk lalxt—l 2om=0 bmxc—m'i'e?)

(4.1)
ZI =0 C]-T," 1 + zm—l dm:ct-m b)

In that setting, significant values of the coefficients of interests (b,, and ¢;) indicate
causality. If a:m Granger causcs :::w then at lcast. onc clement .of b must be different from
zero. In the same way, if :r: @ Granger causcs a: ) then at least one clement of ¢ must be
different from zero. The F test of the null hypothesis that all elements of b (or ¢) vectors
help to distinguish which crudes are price sctters (i.c. Granger causes other prices) and
which are takers (i.e. are Granger causcd by other prices).

The p paramecter was sct at 16 (4 months), which is rcasonable given the rapid de-
velopments on the markets.® A total of 992 tests were conducted. Each test shows (a)
(3)

whether :c( ) is a price sctter of z;”) and accordingly (b) whether x?} is a price taker. This

8The calculations were repeated for different values of p with no relevant changes in the results.
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yields 31 tests for cach crude oil’s price setter characteristics and 31 tests of whether it is
a price taker.

Furthermore, crudes were scparated in accordance with the segments presented above,
and appropriate tests were repeated, but this time to sec if prices of crude from a particular

group Granger cause prices of other crudes from that scgment only.

4.2.3 Discussion of Results

Table 4.9 presents the results of all tests. To facilitate interpretation, it presents the
percentages of Granger tests statistics in which the null was rejected for each crude in its
respective group. In such a sctting, a ratio equal or close to 1 in the price sctter (price
taker) scction of Table 4.9 implies that the crude is causing (is being Granger caused by)
all the other crudes in the group, whercas a number closer to 0 implics the opposite.

On the assumption that all crude prices eventually will follow the market movements,
high price sctter factors combined with low price taking factors arc interpreted as a sign
of ability of the crude to quickly respond to market changes. Low price setter factors
combined with high price taker factors, on the other hand, arc taken as indications of
slow market adaptation.

For cxample, in Table 4.4 which summarizes the main results, West Texas Intermediate
(z{") is a price taker in 13% of the cases and a price sctter in 100% of the cases which
makes it a clear world-wide price sctter. Conversely, Malaysia Tapis (rils)) is a price taker
in 100% of the cascs and price sctter only in 13% of the cascs. This makes this crude a
clear price taker.

The general results that can be observed from Table 4.4 arc that:

e the acclaimed benchmarks, WTI (:t:i”) and Brent (sz)), arc price sctters both in a
global scnsc and within their quality scgment (light and sweet);

e Mediterrancan Russian Urals (xﬁ“") is, in spite of little public attention, a third

global price sctter;

¢ Asia Dubai Fatch (:cfm) and Oman Blend (::Em) do not display price sctter prop-

crtics on the world market.
With respect to quality segments, the results indicate that:

e the nine light density and sweet crudes (presented in Table 4.5) are, as expected,
dominated by WTT and Brent. Norway Ekofisk (:cfs)), Australia Gippsland (.’L‘EM)),
Algerian Saharan Blend (xEm), Nigeria Bonny Light (3:528)), and Libya El Sider
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Table 4.4: Granger Causality Percentages - World

ker Sectter
Symbol Crude . Take ;
zy West Texas Intermediate 0.13

2 Europe Brent 026 0097
) i 068 0.71
z Europe Norwegian Ekofisk .

(@ Canadian Par 1 0.65
o 1 0.94
z® Canada Lloyd Blend 0,87
z® Mexico Isthmus 0.45 087
z" Mexico Maya 0.16 .84
z® Colombia Cano Limon 026 0. .
z Ecuador Oriente 0.87 0.25
710 Angola Cabinda 0.74 0. ;
M Cameroon Kole 0.87 0.;5

(12) Egypt Suez Blend 084 0.
i 084 0.77
'  Oman Blend 8o
.1:?4] Australia Gippsland 0.77 0.13
x&"’ Malaysia Tapis 1 .
{1 Mediterrancan Russian Urals 0.42 (1) .
xﬁ”’ China Daqing . 1 " 0.58
218 Saudi Arabia Saudi Light 0. . :
:rfm) Saudi Arabia Arab Mcdium 0.52 0.6
mim Saudi Arabia Saudi Heavy 0.52 gg;

1 Asia Murban 081 0.
o i 0.81 0.68
mim Asia Dubai Fatch 068
7% Qatar Dukhan - 0.84 9.34
{2 Mcditerrancan Seri K Iran Light  0.61 .84
:1:225} Mediterrancan Seri K Iran Heavy 0.77 3.87

‘ .
::Ege) Kuwait Blend 0.9 oo
7" Algeria Saharan Blend 0.58 0.58
:::E%} Europe Nigerian Bonny Light 0.81 0.68
:::Em Europc Forcados 0.71 0.77
xsso) Europe Libyan Es Sider 0.9 0.48

(31) Indoncsia Minas 1 .
i i 0.94 0.52
1'532) Venezucla Tia Juana
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Table 4.5: Granger Causality Percentages - Light Density & Sweet

Symbol Crude Taker Sectter
Ty West Texas Intermediate 025 1

xﬁg) Europe Brent 025 1

xgs) Europe Norwegian Ekofisk 0.62 0.62
z® Canadian Par 1 0.5
2™ Australia Gippsland 075 0.62
=) Malaysia Tapis 1 0.12
z*  Algeria Saharan Blend 05  0.62
Isza) Europe Nigerian Bonny Light 0.62 0.5
2z  Europe Libyan Es Sider 0.88  0.88

Table 4.6: Granger Causality Percentages - Medium Density & Sour

Symbol Crude Taker Setter
Ty Mexico Isthmus 031 0.85
7 Ecuador Oricnte 1 0.46
) Egypt Sucz Blend 1 0.46
9 Oman Blend 092 0.85
29 Mediterranean Russian Urals 054 1
218 Saudi Arabia Saudi Light 0.62 0.62
xslg) Saudi Arabia Arab Medium 0.62 0.62
zi"'“’ Saudi Arabia Saudi Heavy 0.62 0.62
2(¥®  Asia Dubai Fatch 092 0.62
29 Mcditerrancan Seri K Iran Light 046  0.85
xﬁza) Mediterranean Seri K Iran Heavy 0.69  0.77
z®  Kuwait Blend 1 0.85
3:532) Venezucla Tia Juana 1 0.46

Table 4.7: Granger Causality Percentages - Medium Density & Sweet

Symbol Crude Taker Sectter
Ty Colombia Cano Limon 0.15 0.85
xi“" Angola Cabinda 1 1
:rill) Cameroon Kole 1 1
:cim China Daqing 1 0.75
zi”’ Europe Forcados 0.5 1

zim Indoncsia Minas 1 0.75
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Table 4.8: Granger Causality Percentages - OPEC

Symbol Crude Taker Setter
T Saudi Arabia Saudi Light 0.5 0.71
2™  Saudi Arabia Arab Mcdium 0.57 0.79
z?"’ Saudi Arabia Saudi Heavy 0.5 0.71
2 Asia Murban 0.86 0.93
¥ Asia Dubai Fatch 0.86  0.79
z®  Qatar Dukhan 0.86 0.86
J:Em Mediterrancan Seri K Iran Light 0.64 1
z(®  Mediterrancan Scri K Iran Heavy 0.86  0.93
z®  Kuwait Blend 093 0.86
z" Algeria Saharan Blend 0.5 0.71
:598) Europe Nigerian Bonny Light 0.86 0.64
1{29) Europc Forcados 057 071
2z Europe Libyan Es Sider 093 0.79
z®™  Indonesia Minas 1 0.5
22 Venczucla Tia Juana 1 0.5

(z*”) adjust quickly to benchmark price changes, whercas Canada Par (xf')) and

Malaysia Tapis (xﬁm) respond more slowly;

for medium density and sour crudes (presented in Table 4.6), Asia Dubai Fatch
(z*) is the benchmark in practice, but, according to Montepeque (2005), it should
be treated with caution due to the low trade volume. The results of the analysis
indicate that Dubai Fatch docs not display a strong price sctting position. Instead,
Mcditerrancan Russian Urals is a very clear price sctter in the scgment. Oman
Blend (x?a}) and Kuwait Blend (xfzﬁ)) respond quickly to price changes, whercas
Ecuador Oricnte (z{”), Egypt Sucz Blend (z{'?), and Venczucla Tia Juana (z\°2)

arc apparent price takers in the scgment, responding slowly to market changes;

in the segment of medium density and sweet crudes (presented in Table 4.7), Colom-
bia Cano Limon (xss}) and Europe Forcados from Nigeria (a:?g)) indicate a pricc
setting influence, but all the other crudes in the segment follow very quickly. None
of the crudes in the scgment is a price sctter in the world-wide comparison, indi-
cating that the whole scgment follows price sctters in some other quality segment,

probably WTI and Brent.
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The results of the analysis show that from the plethora of crude oils quoted on the
world market only threce (WTI, Brent and Urals), display price-leading propertics. This
makes them suitable for the purposes of the analysis of price transmission. The lack of
a dominant benchmark in the segment of medium density, sour crude, pointed out by
Montepeque (2005), is confirmed. The benchmark in practice for that segment, Dubai
Fateh, does not turn out to be a price setter. Given such results, the choice of the crude
is narrowed down to Brent, WTI and Urals.

4.3 Long-run Relationship and Endogeneity

4.3.1 Motivation

Given the properties of the scries established in 4.1.2, the APT analysis has to be per-
formed within the cointegration framework, so that the spurious regression could be ruled
out,

Similarly, as discussed in section 3.2.3, the issue of endogencity of price series has a
significant impact on the precision of estimation and reliability of inferences on APT, yet
it is commonly neglected - sce the discussion in Frey & Mancra (2007, p. 34, p. 42) and
Geweke (2004, p. 8).

On the rare occasions when it is addressed, downstream prices were found to affect
upstrcam prices or remain in a bi-variate rclationship (c.g. scc Balke ct al. (1998) and
Borenstein ct al. (1997, p. 316-317)). In such a situation, the reliability of the price
transmission cstimation techniques described in chapter 2 decreascs, since they assume
onc-directorial causality and no fecedback mechanism.

As pointed out by Lanza, Giovannini & Mancra (2003), the gencral cconomic literature
on the topic of upstream-downstrcam linkages is not substantial. Furthermore, it tends to
be focused on the applications to the financial markets rather than markets for physical
products. The APT litcrature reviewed in chapter 3 (with the exceptions listed above)
neglects the issuc of causality of prices altogether and docs not approach the issuc of the
choice of upstrcam price. Luckily, since the over-the-counter markets are geographically
constrained their choice is rather obvious. That leaves the problem of choosing the right
varicty of the crude oil.?

One recason to suspeet benchmark crudes to be endogenous with respect to EU products

9The correct choice of the crude oil and its possible endogeneity is also of some significance outside the
field of energy economics. In particular, recent proposals for inclusion of crude oil prices in macroeconomic
inflation targeting models - Krichenel (2005) - should be implemented with care, as the results could be
potentially misleading.
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is that the popular benchmarks are rather niche products - see section 4.2.1. This in
principle could make them responsive to the local market situation. Even if it is not
the case (because the benchmark crudes are not commonly used in the EU refineries),
the benchmark crudes are of high quality (sweet and light), whercas the global crude oil
market is increasingly comprised of lower quality crudes (sce scction 1.3 for a discussion).
This could make them subject to manipulation and/or worldwide demand shocks.
Necedless to say, the price of every crude is uniquely set by the changing forces of
supply and demand and can fluctuate - Energy Information Agency (1999) and Bacon
& Tordo (2005). Together with prices, transportation costs and technical constraints,
the quality parameters directly influence refineries’ choices of inputs (see van den Berg,
Kapusta, Ooms & Smith (2003) for a discussion), which in turn affects the end prices of
a wide array of products. The final result of this process determines which varieties of
crude oil are used for refining. Oil companies could choose a well known global benchmark
crude(s) (which are however supply constrained), local crude(s) or a combination of both.
Encrgy cconomists and macro-economists usually assume that the choice could be
simplified by assuming that oil companies use only one kind of crude oil for which price
data arc readily available, disrcgarding the complexities described above. However, when
one combines the notion that different varieties of crude oil can be used to produce the
same products with the fact that prices of different qualities of crudes often diverge for
long spells it is clcar that proxying the crude oil - product link with onc exogenous global
benchmark might be an oversimplification. Below we discuss those issues from the point

of view of pricc transmission.

4.3.2 Previous Research

Gjolberg & Johnsen (1999) analyse the existence of a long-run relationship between
monthly prices of benchmark crude oil (Brent) and end products (premium lcaded petrol,
naphtha, jet fuel, gas oil and light / heavy fucl oils quoted in North-Western Europe,
FOB, cargoes) over the period January 1992 - August 1998. The results point to the exis-
tence of a relationship between crude oils and end products which can be effectively used
for hedging purposcs. While no formal discussion on the dircction of that relationship is

presented, Gjolberg & Johnsen (1999, p. 527) conclude that:

(...) the current product - crude margin deviations from a long-run cquilib-
rium may contain significant information about the future changes in product

prices and margins (...)

126



which for practical purposes indicates that DSPs are endogenous while USPs are exoge-
nous. ‘

Indcjehagopian & Simon (2000) analyse prices of Brent crude oil and gasoil in Ger-
many and France over the period January 1987-December 1997. The analysis of exogene-
ity indicates that the German market directly affects the Rotterdam markets (feedback
relationship), while the French market follows both German and Rotterdam markets.

Adrangi, Chatrath, Raffice & Ripple (2001) also focus on onc crude only (Alaska
North Slope) and its reclationship with onc product (US West Coast Diesel). The results,
obtained using VARs and a bivariate GARCH modcl, indicate the presence of a uni-
directional relationship between the prices, but the paper contains no discussion about
the choice of the crude and possibility that other crudes can drive the product prices.

Asche, Gjolberg & Volker (2003) use a multivariate VAR to test for the relationship
between Brent oil and several end products in North-West Europe. The results indicate
that the Brent oil is weakly exogenous, but no discussion of the possible impact of other
crudes is presented. Asche et al. (2003, p. 298) state that:

(...) weak exogencity cannot be rejected for crude oil, while it is clearly
rejected for the other three products. (...) It indicates that the relationship
between crude oil and the refined products can be modelled in single equation

specifications (...)

Lanza et al. (2003) compare the prices of ten diflerent kinds of crude oils and prices
of fourtcen end products worldwide (i.e. in Mediterrancan, North West Europe, Latin
America and North America regions) over the period 1994-2002. This analysis explains
prices of local crudes with the help of the prices of petroleum products and benchmark
crudes. The results of the cointegrating analysis indicate that the diflerences in the quality
of crude oil varictics determine their behaviour - crudes similar to the global benchmarks
return more quickly to their long-run values, compared to the crudes of significantly
different quality.

Denni & Frewer (2006) analyse the transmission between monthly prices of Brent
crude and gasoline, gasoil, kerosene, RFO1/2 and naphtha. The results obtained using
single-cquation models (similar to those described below) suggest that Brent is a weakly-

exogenous price leader which leads the prices of downstream products.
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4.3.3 Empirical Analysis
Cointegration and Endogeneity

Since the serics we intend to consider are integrated of order one, they have to be analysed
in the cointegrating framework - Maddala & Wu (1999). Only when a common stochastic
trend between the serics in question exists, the possibility of spurious regression is rejected
and an economically valid link between crude oil and end product prices can be identified.

As specified by Engle & Granger (1987), cointegration implies an error correction
mechanism, which describes short and long run responses of prices to external shocks
and allows us to test for endogencity of the variables. Intuitively, variables that do react
to shocks in other variables should be modelled on the left-hand side, while those which
remain exogenous (determined outside the system), should be treated as explanatory and
the modecl should be conditioned upon them.

As the first step in the analysis, we estimate the following cointegrating equations for

cvery upstrcam-downstream pair (i.c. DSPs-USPs, MSPs-USPs and DSPs-MSPs):

DSP-(j,
In(y2 P99 = agury + BuamIn(zVSPY) + yiaminlert) + &
(M) = oy + Buyln(zVSP-1) + ¢, (4.2)

In(y25" ~Gk)y = k) + B in(zMSP=I) + y; 4in(ez®) + ¢,
where:
e j stands for product;
e k stands for country;
e | stands for oil.

For every cquation, we conduct the Phillips-Perron Z,, test for cointegration, under the
null hypothesis of no cointegration, the long truncation parameter (n/30) and a constant.'?
For the product-crude pairs for which the null of no cointegration was rejected at 5%, we

estimate the following VAR(p) model:
B(E)Zt =Z{ — @121_1 — e (I>pzt_p = €¢ (4.3)

where:

10The Z, test is similar to typical ADF tests, i.e. it is also based on residuals from level estimation.
However it has slower rate of divergence and better small-sample properties, i.e. higher power - Phillips
& Ouliaris (1990).
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e B(L)z; is the lag polynomial;
e 7, is the column vector of the variables (per country, per product and per crude);
e ¢, is the disturbance vector.

Based on the results of the VAR model estimation we confirm the results of the test
for cointegration with the help of cigenvalue and trace tests - i.c. rejection of the null of
r = 0 and failurc to rcject r < 1 and r < 2 as specified in Johansen & Juselius (1990).
This should be interpreted as a confirmation that the relationship between prices is not
spurious.

As the next step, (4.3) was transformed into the VECM modecl:
p—-1
Az =Tzyy - Z Az 1+ ¢ (4.4)
i=1

where:
o I1=B(1);
o I'i=-20 2

and conduct the endogeneity analysis using the IT matrix, which contains the information
about the dynamic stability of the system. When normalised, IT can be rewritten as af’,
where 3 contains the cointegrating vector and a represents the speed of adjustment from
the errors (8'z¢-1) towards the long-run equilibrium. If a particular coefficient is zero
in the a vector, the corresponding variable is considered to be weakly exogenous, i.c.
determined outside the system and thus appearing as a right-hand-side variable.

In order to test the hypothesis of weak cxogencity of the crude oils, the a vector
was constrained to have zcro valucs for upstream prices (and the exchange rate whenever
nccessary) and the x? tests were performed. The calculations were performed for p equal
to 4, i.c. full month covcrage.

To facilitate interpretation, the results are presented in the form of maps. The colours
indicate the cases when the null of exogencity of a given crude oil and cxchange rate
was rejected.!  The results indicate that within the EU, the national markets could
be generally split into three major groups: East, Mcditerrancan and North-West. This
intuitively reflects the state of the infrastructure and geographical accessibility to different

crudes and transportation routes (for landlocked countrics).

1)Markets with no data are marked as NAs, while those for which the null of no-cointegration was not
rejected are marked as spurious.
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Furthermore, at the product level, the results could be divided into two groups - for
those products which are popular and require high quality crudes (unlcaded petrol, Dicscl
and low sulphur fuel oil) and thosc for niche products which could be obtained from lower
quality crudes (lcaded petrol, high sulphur fucl oil and heating oil). LPG sccms to behave
in a different manner from the other products which reflects its peculiaritics, described in

scction 4.1.1.

'4.3.4 Discussion of Results
Long Run Relationship

USP to MSP Transmission Tablc A.23 presents the results of Phillips-Perron Z,
tests for the null hypothesis of no cointegration between USPs and MSPs. For all pairs it
was possible to reject the null of no cointegration at the standard 5% significance level.

This suggests that crude oil and spot markets arc well integrated.

MSP to DSP Transmission Panecl A.24 and Table A.27 prescnt the results of Phillips-
Perron Z, tests for the null hypothesis of no cointegration between MSPs and DSPs. The
results confirm that the national markets are well integrated with European spot market
for the finished products. The only significant deviation occurs for LPG, which is only to
be cxpected given that the transportation of LPG involves additional costs (pressurising
and making it liquid) and dangers (volatile and transported onc way only in pipclines) -
Brito, Littlcjohn & Roscllon (2000).

For the vast majority of the products, the Phillips-Perron Z, tests imply a rejection
of the null hypothesis of no cointegration. The cascs of spurious regression are limited to

some of the EU-10 countrics, for which only limited data (less than one ycar) are available.

USP to DSP Transmission Pancl A.25 presents the results of Phillips-Perron Z,
tests for the null hypothesis of no cointegration. The results confirm that the end product
prices stay in the long-run rclationship with the prices of their principal input - crude
oil. The only significant deviation occurs for LPG, which is only to be expected given its

peculiaritics described above.

Endogeneity of Crudes

MSP to DSP Transmission Pancl A.26 prescnts the results of endogencity tests on
the MSP to DSP transmission.
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The results are intuitive and support the notion that MSPs are exogenous and drive

DSPs (see discussion in chapter 3). The significant deviations from that trend involve:

e LPG - here the reservations described in section 4.3.4 (mainly duality of supply)
apply;

e fucl oils - this changes when the lower order of the VAR model is utiliscd and might

indicate that fucl oil market adjusts in less than 4 wecks.

MSP to DSP Transmission Pancl A.28 presents the results of endogencity tests on
the MSP to DSP transmission. The results of the tests for the null of crude oil and the
exchange rate exogencity are also intuitive. Brent and WTI are global high quality crudes,
which lead the global markets and are commonly used as reference worldwide. As such
they are exogenous in all markets in which they are cointegrated with retail products.

The results for Ural crude are more surprising and possibly of some importance to
energy cconomists and policy makers. The failure to reject the null of exogencity of Ural
crude indicates that prices of that crude are endogenous, possibly because of local demand
shocks that could aflect upstream prices il those become decoupled {rom global markets
due to transportation lags or politically-driven increascs in supply.!? This indicates that
local retail market conditions do play an important role in local crude oil markets. Given
that, any simplification based on the assumption that upstream prices can be perfectly
proxicd by global benchmarks should be treated with caution.

For the Brent crude, the results closely mirror those obtained in the literature. In
particular, following Asche et al. (2003) and Denni & Frewer (2006) we find Brent to be

a weakly exogenous price lcader.

USP to MSP Transmission Table A.29 prescnts the results of the endogeneity tests
for the null that upstrcam prices (in this casc crude oil prices) are exogenous. For both
global benchmarks - WTT and Brent the null of exogeneity cannot be rejected, while the
Russian Urals scem to be heavily dependent on the spot prices in the EU.

This suggests that for the purposes of the analysis the endogenous Russian crude oils
should not be uscd as cxplanatory variables in price transmission analysis. The results
were corroborated by estimation with different order of the VAR (i.e. the p parameter in
(4.4) and (4.3)). We address this issue later on in this dissertation, when we confirm the

results for Brent oil with the help of instrumented Ural prices.

12For a discussion of possible sources of endogeneity of upstream prices see Borenstein et al. (1997, p.
316).
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Transmission Estimates

In this section, we present the OLS cstimates obtained from estimation of (4.2). The
t-statistics were not reported as the series were found to be integrated of order one, which

invalidates traditional statistical inference,

USP to MSP Transmission Table A.30 presents the OLS cstimates of the clasticity
of MSPs with respect to USPs. As expected, for the most popular products the elasticity
is lower than unity. In the case of Diescl the clasticity is greater than unity but this
could be duc to changes in the cnvironmental regulations which require extra purchases
to replenish inventorics or to an overshooting phenomenon, visible in some instances of
pricc transmission.

Qur results for ULP/LP, gasoil/Dicsel and RFO2 closcly mirror those by Gjolberg &
Johnsen (1999) who found them to be equal to 0.76, 0.99 and 0.54 respectively. Converscly,
the effect for RFO2 is much higher than that by Gjolberg & Johnscn (1999) - ca. 0.8
against 0.06. Our results are also in line with Denni & Frewer (2006) who also find

clasticities are lower for heavier products, but still significantly grcater than zero.

MSP to DSP transmission Tables A.31 and A.34 present the estimates of upstream
prices and forcign cxchange rate clasticitics.
One should note some negative cstimates of forcign exchange elasticity for LPG - they

further confirm the peculiarity of this product mentioned a number of times before.

USP to DSP transmission Tables A.32 and A.33 present the estimates of upstream
prices and foreign exchange rate elasticities. The clasticity estimates are lower than those
for upstrcam markets, which is understandable given the lower liquidity of the market
and the fact that while the USP-MSP transactions are often “virtual® (i.e. are used
in refineries’ production management and do not involve the physical delivery of the
goods), MSP-DSP transactions might also involve physical handling of the subject of the

transaction.

4.4 Summary and Conclusions

4.4.1 Causality

The Granger causality tests indicate that out of all crudes traded globally there are several

price-setters which pass market information first and influence other prices. Those price-

132



sctters could be thought of in terms of benchmarks as they sct the market trends. Given
the composition of refining feeds in the EU and the patterns uncovered in the data, for

the purposcs of this study, three crudes - Brent, WTI and Urals should be watched more
closcly.

4.4.2 Endogeneity

The results show that, out of the three potential EU price-setters, only Brent can be
considered as an exogenous crude that influcnces the downstreain prices. This is visible
both for middle ticr and for retail prices and is fairly consistent across the products. The
intcresting side-note is that prices of many products in the Eastern Europcan member
states arc in endogenous relationship with Ural crudes, but they remain exogenous towards
Brent.

The findings regarding the Brent crude support the previous studies which identified
the price transmission effects stemming from this crude - among other Sumner (1990),
Reilly & Witt (1998), Godby et al. (2000), Wlazlowski (2003a), Contin et al. (2004),
Grasso & Mancra (2007). The importance of the Ural crude was long recognized by
the practitioners (sce Antill & Arnott (2000), Montepeque (2005)), but was nonctheless
neglected in the price transmission literature. To the best of the author’s knowledge, this

study is the first to include Russian crudes in the EU petroleum price modelling.

4.4.3 Linear Cointegration

Our results confirm that the downstream and upstream prices remain in a long-run re-
lationship, both in case of crude oil - retail products (which was confirmed before in
the literature), but also for transmissions involving the ARA region, which represents an
innovative contribution of this work.

The long-run clasticitics are fairly uniform across the countrics (with the exception
of ncw EU-10 countrics which might be due to the shorter time-span), but not across
products (those for individual consumer products - ULP and Diescl arc gencrally lower
than those for industrial products - fuel oil / heating oil). LPG and lcaded petrol arc less
likely to be in a long-run rclationship and exhibit crratic cross-country patterns compared
to the core products traded in the EU.

The cross country and cross product cointegration patterns closcly match those re-
ported in the literature with the exception of UK unleaded petrol for which the null of

no cointegration was not rcjected. This is in stark contrast with the previous studics
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Table 4.10: USP to DSP Transmission - Lincar Cointegration Tests (PO)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT Vv v NA NA NA
BE VARV v oV X v
cy Vv X NA NA X NA
CZ x X Vv X X X X
DE v X v NA v
DK Vv Vv NA NA Vv
EE x X X X NA NA NA
ES v oV v oV v v
FI Vv Vv Vv NA NA NA
FR v v v oV v v
GB v Y NA v X
GR v Vv NA v v
HU x v % X v NA NA
IE v Y NA NA ¢ v
IT v oV X v v v
LT x X Vv X Vv X NA
Lo v oV v ooV v v
LV x v X X NA NA Vv
MT x X X NA NA X X
NL VAR v oV NA
PL x X v X X Vv NA
PT v X X v v v
SE V v Vv NA NA NA
s1 X X X X NA NA
SK x X X X Y X X

Notes:NA - data not available, X - no cointegration, / - linear cointegration.
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Table 4.11: MSP to DSP Transmission - Linear Cointegration Tests (PO)

DIESEL ULP GASOIL LPG RFO.I RFO2 LP

AT Vv Vv NA NA NA
BE v oV v oV v v
cYy v v NA NA X NA
CZ x X 4 X X X X
DE v Vv x NA
DK v NA NA v
EE x Vv X X NA NA NA
ES v oV X v v v
FI Vv v NA NA NA
FR v oV v oV v v
GB v v oV NA v X
CGR v v NA v Vv
HU v x NA NA
IE v NA NA v
IT v ooV v ooV v v
IT v oV x Yy  NA
LU VARV v Vv v v
LV x X X X NA NA X
MT x % X NA NA X b4
NL v oV v NA v
PL x X Vv X X X NA
PT v % X v v
SE v oV NA NA NA
SI < X  x NA NA
SK v X X X X X

Notes:NA - data not available, x - no cointegration, |/ - linear cointegration.
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by Bacon (1991), Manning (1991), Eltony (1998), Reilly & Witt (1998), Driffield et al.
(2003) and Wlazlowski (2003a). The most likely cxplanation is the span of the sample
- the datasct starts in 1995 and cnds in 2003, while the above-mentioned studies utilize
local data that span the 1980s and in some cascs even 1970s, when leaded petrol was
common.

The results arc also consistent with the bulk of the litcrature covering the late 1990s
onwards. In particular, the cointegration pattern confirms studies by Kirchgassner &
Kubler (1992) for Germany, Galeotti et al. (2003) and Grasso & Mancra (2007) for France,
Germany, Italy Spain, and the UK, Bettendorf et al. (2003) for the Nethcrlands and Contin
et al. (2004) for Spain.

4,4.4 Summary and Conclusions

The results discussed in this chapter confirm that among the plethora of different crudes,
Brent and WTI still remain the most important, despite their decreasing supply and
related problems. Surprisingly, the Russian Urals, as suggested by industry statistics,
was found to grow in importance and lcad prices in its quality scgment.

The discovered geographic pattern of causality and exogencity indicates that EU coun-
tries rely to a different extent on different sources of crudes and that local crudes can be
cndogenous. This needs to be recognized and accounted for in a number of applications,
for example inflation modelling.

Furthermore, the results indicate that following political and economic integration
within the European community, petroleum markets tend to display similar patterns
with respect to the rclationship between upstream and downstrcam prices. This suggests
integration with international oil markets (reflected by cointegration of USPs and DSPs)
and with the pan-Europcan ARA trading hub (reflected by cointegration between MSPs
and DSPs). While the rclationship is strong and consistent across countrics for high-
volume products (mainly motor spirits), it is not visible for LPG, which stands out as an
outsider, most likely because it is also obtained from natural gas.

The results presented in this chapter justify the choice of studying the LR and SR
price dynamics using more sophisticated time-series techniques identified in chapter 2.
Accordingly, in the next chapter we continue the analysis by looking at the dynamic

adjustment of downstrcam prices following the upstrcam cost change.
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Chapter 5

Price Dynamics

In the previous chapter we analysed the core properties of the price transmission in the
EU petroleurn market. The results confirm the industry statistics presented in section 1.3
and indicate that the EU countrics rely heavily on imported encrgy products. Over the
past ycars, this situation forced them to integrate their local markets with global energy
trading hubs, which led to a crcation of linkages between their local downstream prices
and international upstream and midstream prices. This finding constitutes the starting
point of the analysis to be carried out in this chapter.

The second cornerstone of the analysis is that the most significant sources of frecly-
traded (non-OPEC) feed-stocks for the EU arc the Russian and North Seca crudes. The
results of the VAR analysis indicate that the Brent crude is an exogenous global marker
whose prices are not affected by DSPs and MSPs, while Urals crude remains endogenous.

In this chapter we continuc the analysis of price transmission between the three ticrs

described previously using two groups of tools:

e standard linear time scrics techniques based on the work of Engle & Granger (1987)

described in scction 2.2.1, and
¢ more recent techniques based on STAR models, described in section 2.2.5.

The standard techniques allow us to analysc the propertics of the LR relationship

between prices on different tiers. In particular, we:
e cstimate the pass-through rates for upstream prices and the exchange rates;

o test the hypothesis of full pass-through of upstream costs in multi-national and

multi-product sctting;

o simulate the lincar ECM adjustment following upstrecam cost change.
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Given that price clasticitics determine the end-uscr welfare change due to price shocks,
the cstimates obtained in the multi-national, multi-product and multi-ticr sctting form
a significant contribution to knowledge and are of some interest to policy-makers. Their
interest might be motivated by a varicty of rcasons, for example by the recent proposals
for inclusion of crude oil prices in macrocconomic inflation targeting models - Krichenel
(2005). Therefore, the findings offer significant room for cross-country and cross-product
analyses and formulation of various policy responses to developments in the oil markets.

Another use for the estimates is to verify the assumptions about the complete pass
through in the rclationship between prices. Those claims are commonly made for the US
market (sce Deltas (2004), Arpa ct al. (2005), Kaufmann & Laskowski (2005)) and are
sometimes unquestioningly used also for the EU (see Bacon (1991) and Driffield et al.
(2003) for the UK). Our study is the first to assess those claims in the multi-national and
multi-product framework, utilizing both traditional OLS and ECM tools. Last but not
lcast, using the lincar tools we estimate the ECM adjustment to upstream cost changes,
which allows us to compare price dynamics across countrics, products and ticrs.

By using the sccond sct of tools we scck to:

o confirm the results of linear cointegration analysis presented in section 4.3.4 and ex-
pand them with the help of the non-lincar cointegrating tools developed by Kapetan-
jos et al. (2006);

e test for the presence of non-lincaritics in price transmission using the smooth tran-

sition approach by Terésvirta (1994);

e establish the nature of non-linearities using the framework by Escribano & Jorda

(2001);

¢ mcasure the excess of non-lincaritics and assecss their impact on price transmission

through the simulation of price adjustments in a simplified STAR-ECM framework.

The first point constitutes an improvement over the previous studies in the sense that
it allows us to widen the sample by inclusion of additional cascs of price transmission.
This is possible as the traditional cointegration tools might mis-identify signs of APT as
spurious regression (sce Monte Carlo comparisons in Kapctanios ct al. (2006, Tables 1-3)),
so when relying solely on linear tools, onc might be excluding asymmetric transmissions
from the study. Utilizing non-lincar cointcgration tools we ascertain that such cases would

not be incorrectly labelled as spurious regressions.
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The second goal boils down to identification of transmissions where the equilibrium-
reverting process is non-linear and can potentially be a welfare-decreasing APT. Similar
tools were previously used in the literature, but were focused on SETAR models and
boot-strapping testing techniques proposed by Hansen (1996) and Hansen (1997). Given
the size of the sample and flexibility of the smooth transition models (sce Strikholm &
Terasvirta (2005)) we decided to use STAR models and testing techniques based on the
Taylor-cxpansion of the transition function. These techniques are better suited for the

purposcs of PT analysis as:

e STAR models are more flexible, allowing the non-linearities to take logistic or an

exponential shape (sce Figure 5.1 for an overview);

¢ STAR modcls encompass SETAR modecls as an extreme case (with logistic trans-

mission function and smoothing paramcter sct to co - sce scction 2.2.5);

e STAR modcls allow for smooth transition between the regimes which is a more real-
istic assumption than the complete and instantaneous regime change characteristic
of the SETAR models;

o the tests for non-lincaritics do not involve simulation and bootstrap which makes

them less computationally burdensome.

The third point involves utilizing the testing strategics proposed by Terdsvirta (1994)
and Escribano & Jord4 (2001) to identify the nature of asymmetrics. These tools allow

us to categorize the nature of asymmetrics described in the STAR modecls as cither:

e of LSTAR type, which involves the smooth transition between two regimes and can

be scen as an extension of traditional SETAR modcls;

e of ESTAR type, which involves the smooth transition between the two outer regimes

and the central regime.

In this chapter the non-lincar testing and estimation framework is employed to address
the issue of disequilibrium adjustment within the augmented Dickey-Fuller version of
the ECM model. Those models differentiate the speed with which the disequilibria are
climinated depending on their absolute size and sign.

Figure 5.1 presents the different adjustments for ESTAR, LSTAR and SETAR models.
For simplicity, it is assumed that the threshold paramcters (¢’s) arc the same across models
and all equal zcro, so that the SETAR/LSTAR regimes are symmetric around zero and

the ESTAR adjustment is symmetric with respect to the distance from zero.
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Figure 5.1: Comparison of Non-Linear Models

Aid¢ - hange in marginsc

i¢—1 = deviation from equlibrium margin

LSTAR adjustment (c =0 )

SETAR adjustment (e =0 )

Simple linear adjusiment

ESTAR adjustment (c =0 )

In economic terms the situations depicted in the Figure 5.1 correspond to:

o for SETAR models - faster elimination of the negative disequilibrium (equivalent to
squeezed margins for the transmission agents) compared to the positive disequilibria
(which imply swollen margins - positive APT);

o for LSTAR models - a situation similar to that with the SETAR model but with the
attractor strength depending on the magnitude and size of the disequilibrium - large
negative disequilibria are eliminated much faster than small negative disequilibria -
heterogeneous APT;

e for ESTAR models - a situation when large disequilibria (both positive and negative)

are eliminated faster than the smaller ones - increased price inertia.

So far, the applied research focused on the SETAR models. The LSTAR models
were not used although the smooth transmission between the regimes implied by them
is more likely in economic terms than the instant and complete regime change implied
by the SETAR models. Similarly, the ESTAR models were largely disregarded although
the economic phenomena giving rise to them (transaction costs and market frictions) are
much more likely to occur than collusion and market imperfections commonly labelled as
responsible for SETAR-type asymmetries.

As the last exercise, using the estimates of the transition function and transmission

parameters, we simulate the shock responses from the non-linear DF model. This is
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done while accounting for the dynamics of the system, mainly to assess the order of
magnitude of non-linearitics. Again, this constitutcs an improvement compared to past
SETAR studies which mainly focused on the valucs of the parameters of the models and
disregarded important mechanics of the adjustment, such as the impact of autoregressive
dynamics. The analysis presented in this chapter is based on Wlazlowski et al. (2007¢)
and Wlazlowski et al. (2007a).

5.1 Linear Analysis

This scction analyscs price transmission using the orthodox approach and the tools com-

monly uscd in the linear cointegration analysis. The aim is to:
e analysc the SR and LR price responses to upstream changes;
e test the unit elasticity hypothesis for LR estimates;
e simulate the market responses to upstrcam changes.

Thosc goals arc pursuced for all cases in which the null of no cointegration is rejected
(the test was calculated as described in 4.3.3) and the analysis is based on the estimates
of the ECM modecl given by (2.12) with the n parameter sct to 4 wecks and dynamics sct

so as to minimize the AIC criterion.

5.1.1 LR Elasticity

As described in Stock & Watson (1993), the ECM framework offers a way of obtaining the
cstimates of LR clasticitics (pass-through rates) supplementary to the cstimates obtained
in the traditional OLS level estimation. Thosc cstimates can be extracted from the ECM
models (2.8) and should in principle proxy the pure LR impact, free of SR fluctuations
which could affect the traditional OLS estimates.

We performed both ECM and the conventional analyses for transmission between the
three available tiers. Tables A.35 - A.43 present the results. Figures A.1 and A.2 present
the graphical overview of the results illustrating the distribution of the results.!

The clasticity estimates are consistent with the technology constraints and the results

of previous studies. In particular:

1The diagnostics of linear models indicate good fit and no problems with heteroscedasticity. Non-
normality of residuals remains both in long-run and ECM price equations but this is only to be expected
in models with non-linear features - see Fisher & Salmon (1986).
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e with respect to cstimation method - in all cascs, ECM-based LR clasticitics arc
higher than the traditional estimates, which is due to SR dynamics being accounted

for in the ECM cstimation;
e with respect to the transmission ticrs:

— product clasticitics for USP to MSP transmission are much higher than the
respective MSP to DSP elasticities, confirming that crude oil is the single most
important variable input in refining, with other variable costs present mostly

at distribution stage (price incentives, additives, etc.);

— upstrcam product price and FEX eclasticitics (both in the OLS and ECM ver-
sions) are similar for the MSP to DSP and USP to DSP transmissions, with
the differences lower than 0.05. This is only to be expected as crude oil is the
main variable cost at the refinery stage and the remaining costs of refining are

constant per unit of input or output mix - sce Table 1.2;
e with respect to products:

— clasticities for the motor spirits (Dicscl oil and ULP) are broadly similar across

countries, with differences in values of less than 10%;

~ lower quality products (RFOs and gasoil) have higher crude oil clasticitics,

most likely because they are the main outputs of the refining process (sce
Figure 1.6);
— elasticities for leaded petrol are the most volatile, which might be due to the

fact that this product is commonly being phased out of the distribution;

— with the low clasticitics, LPG stands out as an outlicr, again most likcly due
to the fact that it is obtained from two sources (crude oil and natural gas), so

its prices do not depend solely on crude oil prices.

QOur estimates offer an interesting insight into the European price transmission. The
fact that the results are internally consistent makes them useful as a basis for multinational
comparisons and policy-making - sce Wlazlowski (2007) and Wlazlowski ct al. (2007a) for

discussion of possible applications.

5.1.2 Unit Elasticity

This scction analyses the results of the test for the null hypothesis of unit elasticity in

price transmission. The tests are performed in the classic t-student framework (for the
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OLS level cstimation) and in the F-test framework (for the ECM models the null of unit
elasticity can be defined as §; = 1/ in (2.8)). Tables A.35-A.43 present the results.

The results of the analysis overwhelmingly support the rejection of the null hypothesis
of full pass-through of upstrcam costs, both in terms of upstream prices and exchange
rate. This is only to be expected since the technicalities of the refining process determine

that:

e crude oil is not the only cost in the refinery process - so the end price does not

change in the same proportion as the crude oil price;

e the refining process results in output of more than one product - so crude oil price

changes are spread between prices of several products.

5.1.3 Adjustment to Upstream Changes

In order to further analyse the adjustment path, the ECM models are used to simulate the
adjustment to a unit shock. Bascd on the adjustment path we calculate the half-lifc and
90% decay of the adjustment. The calculations of those mcasurcs assume lincar change
within periods.?

The results obtained constitute an improvement over previous studies as they offer
a pan-EU, multi-product set of measurces of downstream price adjustment. Unlike the
commonly reported LR adjustment speed (7y parameters in (2.7) and (2.8)), the simulated
responses include both LR and SR changes in a manner advocated by Borenstein et al.

(1997). In particular, the results indicate that:
e with respect to transmission tiers:

— MSP to DSP adjustment is faster compared to the indircet USP to DSP ad-

justment;

— USP to MSP adjustment is faster than the difference between USP to DSP
transmission and MSP to DSP, which could be a sign of some rich dynamics
in the transmission between higher market tiers that should be accounted for
using higher-frequency data - Wlazlowski et al, (2007¢) analyse this issuc in

greater detail;

¢ with respect to products:

2por example, if 40% of the disequilibrium was eliminated after 4 weeks and 60% after 5 weeks it
was assumed that the half-life of the shock equals 4.5 weeks. Similarly, if in period 6 the disequilibrium
increased to 50%, it was assumed that the half-life equals 6.
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— ULP, Dicscl and gasoil are the fastest to adjust to upstream shocks with country

patterns following the relative differences in volume traded (see section 1.3);

~ LPG and LP represent outlicrs in the analysis, for the same rcasons as those

described in the previous scction;
e with respcct to countries:

— countrics closer to the center of the EU and the Benclux ARA hub of trade
cnjoy faster adjustment of prices compared to peripheral EU countrics most

likely duc to additional transportation costs;

— the countrics from Eastern Europe exhibit morc volatile estimates, which might
be partially due to the fact that the models were estimated over a shorter

sample.

Previous studies utilized lower-frequency data and as such are not directly comparable
with the results obtained. The only study that attempts to compare the adjustments
between countrics/products using weckly data and therefore could be deemed comparable
is by Arpa ct al. (2005) - sce scction 3.1. The results arc similar to ours, thus further
corroborating the analysis presented in this scction.

The interesting element of the findings is that prices of retail products react to up-
stream cost changes faster than those of industrial products. This might indicate that

" consumer prices indices (such as CPI) might react faster to crude oil changes than indices

based on producers’ prices (PPI).

5.2 Asymmetric Case

5.2.1 Non-linear Cointegration

As argucd by Balke & Fomby (1997), the standard cointegration tests remain useful in the
presence of asymmetric adjustment. The reasoning behind this is that if the traditional
tools have power in the lincar case they should also retain it in the presence of moderate
piccewise lincar adjustment. Given that, we decided to test for cointegration in the tradi-
tional framework first (sec scction 4.3.3) and test for non-lincar cointegration later. This
approach allows us to verify the bulk of the literature based on the linear cointegration,
and add transmissions that would be incorrectly labelled as spurious otherwise.

The testing framework used builds upon the traditional EG tests, yet avoids the pit-

falls of nuisance parameters identified by Davies (1987) (see section 2.2.4) without the
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computationally burdensome simulations and bootstrap. It was proposed by Kapectanios
et al. (2006) and models the equilibrium process in a way that links the strength of the
cquilibrium attractor to the sign and size of the residual - sce section 2.2.6. Similarly to
the lincarity tests described in Section 2.2.5, the results of the tests for non-lincar cointe-
gration might be affected by the presence of outliers or structural changes - sec van Dijk
et al. (1999) and Koop & Potter (2001). This deficiency is recognized in the literature but
has not becn addressed until recently - see Giordani et al. (2007) for a proposed solution
to this problem based on Baycsian estimation of state-space models. ‘

Tables 5.1-5.2 summarize the results of conventional Phillips-Ouliaris (PO) and asym-
metric (KSS) tests. The gencral pattern of results is consistent across products and

countries and involves:

e strong rejection of no cointegration in favour of non-lincar cointegration indicated

by significant values of ¢ ygc and tygg statistics;

e rejection of no cointegration in favour of non-linear ESTAR-type cointegration with

additional linear component indicated by the significant values of Fygc statistics;

e failurce to reject the null of no cointegration against the null of non-lincar cointegra-

tion with non-zero threshold indicated hy insignificant Fy, o statistics.®

The non-lincar cointegration tests closcly mirror the classical lincar results obtained
using the PO/ADF test. The differences include mainly rejection of the null of no asym-
metric cointegration in cases when the lincar test failed to reject the null of symmetric
cointegration. This allowed us to cover additional countrics in the sample. Since the
results are similar for both lincar and non-linear cointegration tests, we conclude that
previous studies utilizing lincar tools should be regarded merely as conscrvative, not in-
correct. An additional contribution resulting from this portion of the analysis is that the
Taylor cxpansion of the smooth-transition mechanism suggested that the starting valucs

for the cstimation of the ¢ parameter should be set to zcro.

Testing for Nonlinearitics

The previous rescarch into APT (sce Table 3.1 for overview of previous rescarch) cither:

¢ assumed that the asymmetrics are present in the price transmission and estimated

their extent without first testing for their presence;

3Non zero transition value ¢ involves é7_; in the Taylor approximation, i.e. in the Fy g test. Since
those are rejected for almost all of the cases (e.g. Fnec and tyec and tngg tests) it implies that the
coefficient on é7_, is indeed zero which suggests ¢ = 0. This is an additional reason for setting the starting
point for the ¢ parameter in the ESTAR and LSTAR estimation equal to zero.
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Tablc 5.1: USP to DSP Transmission - Lincar and Non-Lincar Cointegration Tests

DIESEL ULP GASOIL LPG RFO.I RFO.2 LP

AT VvV vV VY Vv

BE ARRYAYS VAYARRVAVAREER SVARNNRVAVS
CY /x VvV Xy X X

CZ xy XX /X XK X X X X
DE v AARYAY) S RVAVS A%
DK v VARV, VvV VX
EE xy/ Xy XX K

ES VV ARYAY VX vx W W
FI. VV AR vV

FR VAVARRVAY vwWoowW W W
GB Vv Vv VvV VX VX X X
GR v VARV, vWooowW W
HU xx VX o xx XX Y

E W W W WYX
T W W W W W W VX
LT x/ XX X Xx qfx X X

L VW VAVARRVAVS vwWovwW W W
LV XX VX o oxx X X VX
MT xx XX XX X X X X
NL Vv ARV VAVARRVAYS Vv
PL xy xv VvV XX XX Vv

PT vV vV o oxx xx VoW W
SE Vv VAVARRVAYS vV

SI VYV Xy XX XX XX

SK xx XX XX KW WX X X X X

Notes: Symbols summarize the results of PO and KSS tests, respectively. /
indicates rejection of the null of no cointegration, X failure to do so.
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Table 5.2: MSP to DSP Transmission - Lincar and Non-Lincar Cointegration Tests

DIESEL ULP GASOIL LPG RFO.1 RFO2 LP

AT vV vV VvV NA VvV NA NA
BE v YARAY Vv oW VX X
CY x Vv Y NA NA 5 ¥ NA
CzZ

X% XX Xy XX X X X X
DE v/ YAARAY xx Wy NA X
DK /x Vv o VX NA NA VX
EE x Vv o XX xx NA NA NA

X
ES Vv vV VX xx VW W
FI. v VAVARRVAY NA Vv NA NA
FR Vv Y vV VW W W
GB vV vx Y NA VW VW xx
GR vx  vx Vx  NA x Y  x
HU v VARV Xy vy NA NA
IE vV VARV NA NA W W
IT v VvV VX ' VW W W
LT /x VX X Xy VX V% NA
LU v VAVARRVAYS VAVARRRVA S VAVARRRVA
LV xx xx NA NA X X
MT xx K% mR NA NA X X X X
NL vx Y Vv Vv NA VX
PL xy/ xyv VX XX XX X/ NA
PT v VvV o XX xx W xy
SE v W VW NA ¢y NA NA
SI X vvy VY Xy XX NA NA

SK /x VX XX XX XX X X X X

Notes: Symbols summarize the results of PO and KSS tests, respectively. /
indicates rejection of the null of no cointegration, x failure to do so.
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e tested for one type of asymmetry without considering asymmetries of other nature.

As discussed by Gewceke (2004), the lack of thorough testing for the presence of and the
nature of non-linearitics pose perhaps one of the greatest deficiencies of price transmission

studics. In this chapter we tackle this issue in a manner which allows for:
e comprchensive testing for non-lincaritics in price adjustments;

¢ cstablishing the nature of the non-linearitics, i.c. whether they arc of the logistic or

exponcntial nature.

The focus of the analysis is on the mean-reversion process analogous to the models by
Dickey-Fuller, Enders & Granger (1998), Cancr & Hanscn (2001) and Cramon-Taubadel &
Meyer (2001). While those models represent the simplificd picture of the price adjustment,
inferior to that offered by fully-fledged ECM models in the tradition of Engle & Granger
(1987) and Stock & Watson (1993), they have scveral advantages over more sophisticated
methods that make them uscful for the purposes of this analysis.

Firstly, since most price transmission studics usc k¥ non-stationary variables (k cqual
to 2 or 3 depending on the presence of the exchange rate), accounting for their dynamics
requires a significant reduction in the number of degrees of freedom. As the tests based
on the Taylor-expansion requirc at lcast a fourth order approximation and n lags, the
testing for non-lincaritics in the full-blown ECM would be based on the model with
[k + (n — 1) +2 *n] * 5 variables. This results in lower power of tests for non-lincaritics
and potentially the exclusion of short-sample transmissions. The simplified DF model
requires only [n + 1] * 5 variables.

Seccondly, from the practical point of view, the estimation of non-lincar models boils
down to multi-dimensional optimization. In the case of the fully-scaled ECM modecls,
this optimization is computationally burdensome and poscs a number of practical issucs,

including:

e incomparability between models with different set of variables (in particular USP

to MSP and MSP to USP);

e partially indefinite Hessians which prohibits calculation of standard errors of the

paramcters.

Last but not least, since the nature of the rescarch requires that the results are casily
comparable between tiers, countrics and products, some paramcters have to be brought

to a common denominator (e.g. smoothing paramcters in the STAR modecls and the
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thresholds in the models). While maintaining such a degree of uniformity might be difficult
in the full ECM model, which contains two variables (prices and FEX) with different
units and lags, it is manageable in the DF model. One example of such a simplification, is
expressing the smoothing parameter as a divisor of one standard deviation of the residuals,
so that only the quotient has to be estimated - as specified in Terdsvirta (1994) (sce
Appendix C).

In line with the above, we estimated the following DF ECM model:

Aéy = [1-G(é1-,¢, 0))[0Fee-1+Y 6F A& 1)+ G (E1-4, €, ) (63 -1+ 6 Aéy_y]+w (5.1)
=1

i=1

where:
o G(é1-4,C,¢) =1 —e¢@-279" for ESTAR cstimation; or
o G(€-4,6,€) = W for LSTAR cstimation.

To test for the adequacy of the above model over the simple DF lincar model, following
Escribano & Jorda (2001), we replaced the transition function by its fourth-order Taylor

approximation so that equation (5.1) becomes:

At = G+ *Xe+ G (Xeroa) + Gx (Xe# &) + G * (Xe &)

(5.2)
+C§ * (Xt * Eg—d) +

where X = (€r-1, Aég-1,+++, Aép), and then perform the following step-by-step testing

procedurc:

1. for all possible d, test Ho : (s = (4 = (3 = (@ =0 - if rejected proceed, if not

conclude that asymmectrics are not present in the equilibrium reversion;
9. choose the value of d for which the null of non-lincarity is rejected most significantly;
3. tost ITor : (s = (3 = 0 with the help of an F-test denoted Fi;
4. test Hog : ¢4 = (2 = 0 with the help of an F-test denoted Fi;
5. if the minimum p-value corresponds to Fg sclect LSTAR, otherwise sclect ESTAR.

Tables 5.3 and 5.4 present the results. To facilitate comparisons, the results for tests
applicd to DSP to USP and MSP to USP transmissions arc presented back-to-back, with L
and E denoting LSTAR and ESTAR type of non-lincaritics (respectively) and x denoting

cascs when the null of linearity was not rejected.
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Table 5.3: Non-Lincaritics in USP to DSP and MSP to DSP Transmission

DIESEL ULP GASOIL LPG RFO.I RFO.2 LP

AT x [/ x X/ x x/[x -/- EJL -7- =l
BE E/E L/E x/E Xx/x x/L L/E E/
CY x/x E/x E/[/x -/- -/ /- -/-
CZ x/[- -[- x[x <fL ~f- f- -f-
DE x /X x/E E/E -/- E/JL -/- L[ x
DK E/ x x/x LJ/E -/ x[/x -/- 5% %
BE B/~ ®[% <= =f= wfe ofa sf
ES E/x x/E L/ X[/- x[/x x/E x/[x
FI B/E %Jb BJE =]« BIL sl =fs
FR L/L x/L LJL X/x x/x x/x x/x
GB x/x E/[/x x/[x -/- x/x x[/x -/-
GR L/L El/x x /L -/« x/x x/E LJL
HU -/x X/ x -/x -/L x/E -/- -/-
IE E/E x/x x/x -/- -/- Xx/E x/x
IT x/x E[/x L/J/x X/L x[/x x/x x/L
LT x/x =-/x x/L /% Lfx <]% «fe
WU E/L E/E E/x x]L x/L x/E x/E
WV -/~ x[- /- <[~ <o -[- x]-
MT =/« == <f-  of- of- fe -
NL E/L x/x E/[x /E EJE -/- X f %
PL x/x X/x X/x [ <~[- x/x -[-
PT E/E E/E -/- -/- EJE x/|/x E/E
SE L/L x/x E/L -[- E|E -[- /-
S x/L Efx -[x <[x <[ <f- -[-
SR =% =% ofw  sfs ofe  ofe o

Notes: For each country-product pair, the first symbol refers to USP to DSP
transmission and the second one to MSP to DSP transmission. Symbols used:
L - LSTAR, E - ESTAR, x - linear cointegration, — no cointegration or data
on prices in neighbouring countries not available.

Table 5.4: USP to MSP Transmission - Nonlinearity Tests

Products

DIESEL ESTAR
ULP

GASOIL

LPG ESTAR
RFO.1

RFO.2

LP
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The results presented above do not fully correspond to the cointegration patterns
indicated by the non-linear cointegration tools presented in Tables 5.1-5.2. In particular,
the transmissions deemed as non-linear by KSS tests are not classified as ESTAR by the
methodology of Escribano & Jorda (2001) - this applies e.g. to ULP transmission in AT,
DE and DK. This situation is most likely due to different treatment of Taylor expansion
used by both tools and the fact that the non-linear cointegration tools find signs of linear
cointegration as well as non-linear ESTAR-type cointegration. Given the above, a more
meaningful comparisons should instead be made for cases when KSS tests find non-linear
cointegration and inference from PO tests does not indicate cointegration (e.g. Portuguese
MSP to DSP LP or BE USP to DSP RFO.2 transmissions). For those transmissions, the
results are coherent as our STAR models generally confirm the results of KSS tests.

To check if the results are influenced by the choice of the crude oil (see section 4.3),
we repeated the calculations but instrumented endogenous Russian crude oils with ex-
ogenous WTI and Brent prices. To account for possible endogeneity of Urals crudes,
we instrumented their prices with prices of Brent and WTI over the sample period -
gUrals — [, + ByzBrent + Boa¥T! + 0. Figure 5.2 presents the original and instrumented

series, confirming good fit.

Figure 5.2: Ural Crudes - Instrumented and Original Values

—— Ural = Instrumented
8 | — Ural - Original
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The most striking pattern visible in the results is the widespread presence of expo-
nential non-linearitics (ESTAR), compared to those of logistic nature (LSTAR) which
were similar to SETAR models commonly used in the literature. This result is only to
be expected as the reasons for ESTAR-type non-lincaritics (e.g. adjustment costs, mar-
ket frictions, and such) arc more likely to occur than those responsible for LSTAR-type
non-lincarities (c.g. market collusion). This implics that by constraining the nature and
shapc of asymmectrics to SETAR modecls, the previous studies misrepresented the nature
of asymmetries and, as a result, their potential causes and effects.

Table 5.5 presents the results. The changes compared to the Brent analysis are in-

significant and related to:

e with respect to countrics - increase in the presence of non-lincaritics in countries

that rely on Russian crudes (Germany and Finland);

e with respect to products - increase in the presence of non-lincarities in the low

quality products (RFOs and LP), most likely based on low quality Russian feed.

The overall conclusion is that introduction of Russian crudes does not change signifi-
cantly the results of the non-linearity testing. This should be seen as further confirmation
of the results of the analysis bascd on Brent data, described previously. Again, further
developments of the ecconometric toolbox (in particular, STAR-type cointegrating VARs)
would facilitate ncw rescarch into the impact of Russian crudes on Europcan price trans-
mission.

In general, the results indicate that:

e the prescnce of non-lincaritics is persistent across ticrs - out of 43 cases of non-
linearitics found in USP to DSP transmission, 26 had the counterparts in the direct

MSP to DSP transmission;

e for the cases when non-linearities were identified only on one stage, the other stage
was usually found not to be cointegrated (the cases with mixed results are mostly

constrained by short samples);

e the nature of non-linearities is largely consistent across tiers - in 18 cases the same

type of non-linearities was identified on both stages.

The results indicate that the non-lincaritics arc widespread between markets, products

and ticrs. The following patterns arc visible:

e with respect to transmission ticrs:
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Table 5.5: Non-Lincaritics in USP to DSP and MSP to DSP Transmission

DIESEL ULP GASOIL LPG RFO.I RFO.2 LP
AT x/x x/[x x[x -[- EJL -]- -]-
BE E/E L/E x/E x/x EJL L/E E]/L
CY x/x E/x E[fx /- ) [- -/-
CZ x/- -f- x[x -[L <[« [ /-
DE x/x x/E L/E +f- LJ/L -[/- L/[x
DK E/x x/x L/E -/- x/x -]/- x/x
BE Ef- %)% ~f- ofs ofe - -
ES x/x x/E L/E X[/- x/x xJ/E x/[x
Fl L/E x/L EJE -/- EJL -/- -]-
FR x/L x/L L/L X[/x x/x Efx %x/[/¥x%
GB x/x X/ x x/x /- x/x x/x -/-
GR L/L x/x x /L -/- x/x x/E E/L
HU -/ x X/ x -/ x -/L x/E -/- -/-
IE E/E E/x x/x -[/- -[- x[E x/[x
IT x/x E[/x LJ/x X/L x/x x/x x/L
LT %x/%x <fx x/[|L -/x L/x -/x -/-
W E/L EJE E/x LJL x/L x/E x/
IV -/~ x[f- o[- fe - <[+ x|
MT -/- =/~ <[~ o]~ <) -f- -f-
NL E/L x/x L/x E/E EJE -/- x/x
PL x/x XxX/[x x/[x [« [ x[x /-
PT E/E L/E -/- -/- EJE x/x E/E
SE L/L x/x E/L -/- EJE -[/- -/-
S x/L E/x -[x <[x -f- <[ /-
BK -fx -f%x =[- el= ofs =)~ -

Notes: For each country-product pair, the first symbol refers to USP to DSP
transmission and the second one to MSP to DSP transmission. Symbols used:
L - LSTAR, E - ESTAR, x - linear cointegration, — no cointegration or data
on prices in neighbouring countries not available.
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— non-lincarities concentrate downstream - there is a slightly higher percentage
of non-lincar cases in the MSP to DSP transmission - 50 out of 175, compared

with 43 out of 175 for the indirect USP to DSP and 2 out of 7 for the USP to

MSP transmission;

— potentially welfare-decrcasing non-lincaritics (LSTAR) are more widespread
than ESTAR at the retail level (24 out of 50 in the case of MSP to DSP

transmission compared to 12 out of 43 for the indirect transmission);

¢ with respect to products:

- non-lincarities arc particularly common in the rctail products - ULP, Diesel,

gasoil and LP,
— products with industrial uses (RFO-1/2) exhibit fewer non-lincaritics;

— LPG again stands out in terms of results, with no signs of non-lincaritics in the
indircct (from crude oil) transmission and non-lincarities in the direct (from
wholesale) transmission. This should be considered as a further confirmation
of the results of the analysis presented in the scction 4.3.4 and an indicator
that therc are substitutes to crude oil in obtaining this product (LPG can be

obtained from natural gas);

e with respect to national markets - the non-lincarities spread fairly evenly across
countries, with the exception of Eastern Europe, which might be due to the different
time span of the sample or specific characteristics of countries undergoing economic

transition.

The testing results closcly follow the cxisting literature. In particular, the results
support the non-lincaritics found in the crude to unleaded petrol transmission in the UK
(Reilly & Witt (1998), Eltony (1998), Galeotti ct al. (2003), Wlazlowski (2003a), Driffield
et al. (2003),Grasso & Manera (2007), Hosken ct al. (2007, p. 2)), crude to lcaded petrol
in Germany (Kirchgassner & Kubler (1992)), wholesale to retail in Germany and France
(Grasso & Manera (2007)), crude to unlcaded petrol in Spain (Contin ct al. (2004)), crude
to unlcaded petrol in Italy (Berardi ct al. (2000) and Galcotti ct al. (2003)).

Furthermore, these findings support the results of the studies that failed to find non-
lincaritics in pricc adjustment, c.g. in the wholesale to unleaded petrol transmission in
the Netherlands (Bettendorf et al. (2003)), in the crude to leaded petrol in Italy (Berardi
et al. (2000)), in the crude to retail and in the wholesale to retail and crude to wholesale

transmissions for Spain, France and Germany (Galeotti ct al. (2003)).
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The most significant departure from the literature is the failure to reject the null of
spurious regression in the crude to retail leaded petrol transmission for the UK. Both
Bacon (1991) and Manning (1991) found this transmission to be asymmetric, but they
were using a significantly different sample (covering data from the 1970s and 1980s), and

without testing for cointegration.

5.2.2 Estimating the Non-linear Long-Run Adjustment

For all transmissions identificd as non-lincar in scction 5.2.1 we estimated model (5.1)
using the methodology described in Appendix C. The results are summarized in Table
A.71 and Pancl A.72.

To facilitate the interpretation, below we analyse two sample STAR models (one with

cxponential and onc with logistic transmission function).

Example of the ESTAR model

As the first example consider the indirect crude oil to retail unleaded petrol price trans-
mission for Cyprus. The results are summarized in Table 5.6 and should be interpreted
as follows. The left half of the table identifies the transmission tier, product and country

and presents the basic description of the model. The most important clements include:

e the smoothing paramcter (¢), which determines how dramatic is the switch from one
adjustment regime to the other - the closer it is to zcro the smoother the transition
is. When the value of the paramcter approaches oo, the LSTAR model collapscs to
the SETAR model and the ESTAR model collapses to the lincar model;

e the delay for the transition value (d), which determines how responsive the adjust-

ment is to lagged developments;

e the threshold value and the percentile of the threshold that identifics it in the sample
(c and ™ respectively).! Those values determine the position of the transition

function in the sample;
o the standard deviation of the residuals ¢;

e the pereentage of observations on the transition variable for which the appropriate
LSTAR / ESTAR functions yields values lower than .5, which defines the share of

observation that are influenced by each regime.

4The percentiles were scaled around 0 by subtracting 0.5 from their values. For example, -0.051 stands
for 0.449'h percentile. This is done in line with 5.2.1 so as to facilitate testing and interpretation of the
model - zero corresponds to median dis-equilibrium, which should equal zero.
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The right half of the tablc summarizes the autoregressive portion of the picce-wise lincar
STAR model. The first column presents the direct estimates of the adjustment speed
(i.c. the percentage of disequilibrium climinated cach term), and the remaining columns
present the lagged explanatory variables, designed to capture the dynamics of the system.

The results indicate that the Cypriot crude to retail unleaded petrol price transmission
is non-lincar, with the transition determined by the exponential function of the disequi-
librium lagged by one period (d = 1) and centered around -0.01 (corresponding to the
discquilibrium of 1%, which corrcsponds to the 45 pereentile). The lagged dynamics
favourcd by the AIC criterion include only the lagged discquilibrium level and no lagged
autoregressive changes. The adjustment process is found to be strong for significant dise-
quilibria (23% of disequilibrium eliminated, with the estimate significantly different from
zero at 1%) but non-existing for small disequilibria, where the estimate of the cointe-
grating pull was found to be insignificantly different from zero at all significance levels.
This finding corresponds to an adjustment model in which large positive and negative
disequilibria are eliminated with equal strength, but small, insignificant disequilibria are

left unchanged.

Table 5.6: ESTAR Model of Adjustment for Cypriot ULP USP to DSP Transmission

Transition  Product ¢ c <1172 7 v Yy Yy Y
Country  Transition d ¢t sd(dy) 5" v it gl oyl
USP—DSP ULP 3.212 -0.01 0312 | -0.427
CY ESTAR 1 -0.051 0.065 | -0.23***

Figure 5.3 presents a graphical overview of the model. The first pancl presents the
transition function of the €_4 with the observations marked as short vertical lines. The
middle panel presents the values of discquilibria (é;) over time (black linc and the left
scale) and imposes the transition function on it (grey line and the right scale). The bottom
pancl presents the simulated adjustment to the positive and negative shocks equal to two
standard-deviations (respectively green and red). To facilitate comparisons the response
to negative shocks was scaled by -1, and the difference between the two is presented as a
blue line. Whenever the blue line is above the horizontal axes it denotes that a positive
discquilibrium is climinated slower than the negative one, so that the prices rise faster
than they fall and the market participants protect artificially increased profits.

The results of the analysis point to a ESTAR model giving rise to moderate APT, as
the positive disequilibria arc eliminated more slowly than the necgative oncs. As opposed

to the predictions of the traditional SETAR models, the difference seems to be small.
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Figure 5.3: ESTAR Model of Adjustment for Cypriot ULP USP to DSP Transmission
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Example of the LSTAR model

As a second example, consider crude oil to retail unleaded petrol price transmission for
Belgium. Table 5.7 summarizes the results of the estimation. The estimates indicate
that the transmission follows the LSTAR function that could give rise to APT with
faster immediate adjustment for negative disequilibria (-.335) compared to the positive
ones (-.204). However, one should notice the presence of the lagged LHS variable, which
could affect the actual adjustment process. The results of the simulation of adjustment
presented in Figure 5.4 show that although the SR adjustment speeds for the LSTAR
model suggest that negative disequilibria are eliminated faster than the positive ones,
but once the autoregressive elements are taken into account, the reverse is true. This
should be secn as another innovative contribution of this analysis. So far, rescarchers
have focused on the values of the parameters, disregarding the necessity of checking for
the end effect of adjustment e.g. via simulation of price adjustment. The results of this
analysis show that the end result might be less pronounced than assumed in the existing
literature.

All other models summarized in Table A.71 and Figure panel A.72 should be inter-

preted in a manner similar to the one described above.
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Table 5.7: LSTAR Model of Adjustment for Belgian ULP USP to DSP Transmission

Transition Product ¢ c <1/2 ~L wlr %r %r vF
Country  Transition d ¢t sd(dy) ~H U il gl oyl
USP—DSP ULP 15.004 0.027 0.704 | -0.335%**F .0.172%%*

BE LSTAR 2 0.205 0.064 | -0.204*** 0.004

Figure 5.4: LSTAR Model of Adjustment for Belgian ULP USP to DSP Transmission
(Example)

USP to DSF STAR transmission = EURD = BRENT BE

o (I T T o T I i 1)

Furcion
ad o8 as
L L 1

LIt Qeiti

Voot
a2 =-a1 a0 al ar
1 " 1 N 1

P
na

2 o0 oz
T |

158



Overview of all results

Figures 5.5 - 5.6 summarize the results of estimation of ¢, ¢** and v parameters for USP

to DSP and MSP to DSP transmissions (presented in red and green respectively).’

Figure 5.5: Threshold and Smoothing Parameters
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Notes: Left panel depicts the LSTAR model. The right panel depicts the ESTAR
models. Results for USP to DSP and MSP to DSP transmissions are presented
in red and green, accordingly.

The most visible patterns in the results of the estimation of STAR models are:

e the estimates of all models - both exponential and logistic - are coherent and con-

sistent with the theory of non-linear cointegration. The crucial elements are the

following:

— the LSTAR models have highly significant negative coefficients on lagged-
residuals (v* and 7¥), confirming that equilibrium is restored after an ex-

ogenous shock;

— the ESTAR models have highly significant negative coefficients in the outer
regimes (i.e. one for significant residuals - v7) and insignificant in the middle
regime (i.e. one for small residuals v*);

— the parameters responsible for non-linear behaviour are consistent with eco-

nomic theory and all regimes are represented (as shown by the percentage of

5The right panel of Figure 5.5 was restricted to the cases when inner regime v was between =1,
This is done to facilitate interpretation of the graph only, parameters outside +1 were all found to be
insignificantly different from zero at 10% - see Table A.71.
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Figure 5.6: v Parameter Estimates
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Notes: Left panel depicts the LSTAR model. The right panel depicts the ESTAR
models. Results for USP to DSP and MSP to DSP transmissions are presented
in red and green, accordingly.

observations for which the transition function is lower than .5);

— the threshold value is well centered around the median disequilibrium (50

percentile);

— autoregressive dynamics (i.e. parameters ¢'# and %) differ between products,

countries and tiers and significantly affect the adjustment process;
e with respect to cross-tier comparisons:
— MSP to DSP transmission is generally faster to adjust back to the equilibrium
and exhibits a greater degree of non-linearity than USP to DSP;

— MSP to DSP transmission parameters indicate more abrupt regime transitions,
with higher smoothing parameters and lower percentage of observations below

the 50% threshold compared to USP to DSP transmission;

— MSP to DSP transmission exhibits richer dynamics than USP to DSP indirect
transmission, yet the v estimates are more consistent and exhibit lower vari-
ance. This is understandable, as MSP to DSP transmission is not influenced

by the activities of the refining stage:

e with respect to cross-product comparisons:
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— consumer products (ULP and Diescl) exhibit more homogencous estimates and
higher degree of non-lincarity than the industry products (RFOs and gasoil)
both in ESTAR and LSTAR modecls;

— LPG and LP cstimates arc drastically different from their counterparts. In
case of LPG it is most likely becausc it has alternative sources (natural gas).
In case of LP it might be due to the fact that this product is being phased out

from production and distribution;
e with respect to cross-country comparisons:

— countrics of Iberian and Scandinavian Peninsulas (Spain, Portugal and Finland
and Sweden, accordingly) stand out as outlicrs compared to the mainland EU
countrics. This could point to the impact of transportation costs or lags on
price transmission. Similar claims for price transmission frictions in Singapore

were voiced by Delpachitra (2002);

— estimates for the Eastern Europcan countrics differ significantly from those for

Western Europe, which could be a sign of differences in time coverage;

5.3 Summary and Conclusions

In this chapter, we analysed dynamics of price transmission in the EU. First, we performed
the analysis of long-run elasticitics in the price dynamics using both traditional OLS
cstimates, advocated by Engle & Granger (1987), and LR cstimates in the spirit of Stock
& Watson (1993). The results give a coherent picture of EU encrgy markets as a well-
linked system characterized by clear differences between products and countries. This
makes this study uscful for the purpose of cross- country and product comparisons and
policy design. The usability of the analysis was confirmed by the review of popular claims
of full pass-through of upstrcam costs to prices downstrecam. We also analysed the speeds
of downstrcam adjustments to upstrcam cost changes. The results are consistent across
countrics and products and indicate widespread differences between motor spirits (ULP
and Dicscl) and industry fucls (gasoil and RFOs).

In the sccond part of this chapter we described the rescarch into the presence and
nature of the non-linearities in the EU price transmission. As the first study in petroleum
transmission across the whole value chain, we analyscd the non-lincaritics using the
smooth-transition modcls and tested for the presence of two types of non-lincaritics -

exponential and logistic.
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The results of the testing procedure were found to be internally coherent and consistent
with the body of previous rescarch. They indicate the impact of product- and country-
specific effects in the creation of non-linearities.

The innovative tests for the nature of non-linearitics have proven that a significant
part of non-linear adjustment processes are of an cxponential nature. This implics that
the commonly used SETAR modcls mis-specify the nature of the adjustment. For the re-
maining cascs, the results of the analysis favours the LSTAR modcl which is an enhanced,
smooth-transition version of the old SETAR models.

Bascd on the results of tests for the presence and the character of the non-linearities,
we estimated the non-linear models for price transmission. The results arc surprising in
the scnse that while the test results support the existing body of literature, the results of
the simulation indicate that the degree of welfare-decrcasing APT is lower than expected
once more complex autoregressive adjustment dynamics are taken into account. This finds
support in several applied studies which claimed that although the tests of APT confirm
its existence, the actual simulations reveal that APT might be a relatively short-lived
phenomenon - which actually is only to be expected given the size of the markets and
their inherent volatility which should make the players accustomed to changes. Below we
present a short overview of asscssment of APT presented in the applied literature.

While there is no consensus on the extent of APT, the studics that did attempt to
measure it conclude that however big APT is initially, it disappears fairly quickly. Bacon
(1991) concludes that the difference between adjustment to increases and decreases is
constrained to onc week only. Reilly & Witt (1998) report that 10% increase in crude
oil prices causcs immediate increasc cqual to 4.1%, while a corresponding decrease results
only in 1.9% fall in retail prices. Given the overall long-run effect of crude oil (5.8%)
this effectively means that increases are passed on to customers within one month, while
decreases take a couple of weecks longer to trickle downstrcam. Eltony (1998) reports
similar estimates both for the UK and the US. Borenstein ct al. (1997) estimate the APT
to be around ten cent four to six weeks after one dollar price change in terminal, but it is
not statistically significant after four weeks. The pattern for the crude - retail asymmetry
is similar. Balke ct al. (1998) rcport that given a 1% incrcasc and similar decrease in
crude oil prices, the differences in response of wholesale gasoline to those changes is just
.35% and persists only for two wecks. For retail markets they find that the difference
rcaches only .2%, i.c. 6 cents per gallon in monetary terms. Brown & Yucel (2000)
conclude that given the negligible cffects of APT and the fact that no study confirms that

it dircctly results from market power abuse, policics to suppress non-lincaritics might
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reduce efficiency and have undesirable outcomes. Energy Information Agency (1999)
reports that the majority of adjustments in the USA take place under cight weeks and
the asymmetry in responses is usually less than 15%-20%. Asplund et al. (2000) indicate
that APT from FEX is ncgligible, whilc that from upstrcam prices is scarcely visible - the
adjustment for decreases is completed after cight weeks, while that for increases in only

four weeks. Bremmer & Christ (2002) state that:

one has to wonder whether the difference (between responses to upstream in-

creases and decreases) is economically significant.
Similarly, Galcotti ct al. (2003) conclude:

when we translate differences in adjustment speeds into time periods there
do not appear to exist sizeable differences between upward and downward

deviations from cquilibrium,
In the same spirit, Johnson (2002, p. 47) concludes that:

“asymmetric responscs in the retail fucl margin, although present, are short

lived”.

Bettendorf ct al. (2003) cstimate that if a customer purchases 7 litres of motor spirit,
a 1 Euro-cent per liter increase in spot prices costs that customer 0.4 cent more over
the adjustment period that 1 Euro-cent per liter decrease. The authors conclude that
this indicates that APT is not significant. Driffield et al. (2003) estimate that when
petrol prices are above cquilibrium a 1% increasc in the price of crude oil causcs petrol
prices to rise by 0.0095% while if petrol prices are below equilibrium, a 1% increase in
the price of crude oil causes a 0.0182% increase in the price of petrol. This difference,
although small, is statistically significant. Wlazlowski (2003a) estimates that adjustment
to negative (margin decreasing) discquilibria is faster than to negative discquilibria (38%
and 18% per month respectively), which results in APT of several wecks. Contin et al.
(2004) rcport that in Spain the full adjustment to upstrcam price decreasc is completed
three weeks later after that for increases. The difference in prices never exceeds 40 Euro-
cents. Chen et al. (2005) report that APT is insignificant after four weeks and even before
that time its value is lower than 2 cents per week. Deltas (2004) reports that within one
month 70-80% of price increases is passed on to customers while within the same time
only 54-63% of decreascs is passed downstream. Verlinda (2006) reports that APT varics
between countries of different characteristics so that no single measure of non-linearities

can be obtained. However, in the pooled sample the asymmetry in the response to a 1
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dollar per gallon change varics from -10 to 20 cents over a period of scveral wecks. To
date, this seems to be the highest estimate of APT.

Although the above cstimatcs arc constrained to ULP and cover only a handful of
countries (most significantly USA), the results of the simulations confirm that asymmetries
for other markets are fairly similar. Therefore, we can conclude that the non-lincaritics

in price transmission scem to be fairly short-lived and less pronounced than feared.
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Chapter 6

Further Analysis

In this chapter we tackle some remaining aspects of APT analysis which were not ad-
dressed in chapters 4 - 5. We start by analysing the price transmission mechanism in the
multinational sctting (scction 6.1), The idca is to check for the consistency of the results
and the signs of cross-country dynamics resulting from the so-called “fucl tourism¥. Given
the multi-billion welfare transfer caused by this phenomenon, this topic deserves in-depth
rescarch using the innovative multi-ticr, multi-product and multi-country datasct. In the
second part of this chapter we review explanations of the APT phcenomena presented in
the literature in the light of the results obtained. The analysis presented here is based on
Wiazlowski et al. (2007a).

6.1 Cross-country Dynamics

6.1.1 Introduction
Motivation

Past rescarch into APT described in chapter 3 has focused on the time dimension of price
transmission and assumed that the discquilibria are climinated internally and without
cross-border effects. However, some previous studies (including Indejehagopian & Simon
(2000), Bremmer & Christ (2002) and Ye ct al. (2005)) acknowledge that the cross-country
dimension might be uscful in explaining price behaviour.

In this section we address some of the issucs related to the geographical dimension of
price transmission. We build upon the existing literature on "fucl tourism”, i.e. cross-
country purchases of petroleum products (mainly motor spirits). While we do not attempt
to build a comprchensive model of price transmission that includes the geographical cf-

fects, we want to analyse the basic relationship between prices in different countries.
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Duec to the fact that every EU country enjoys discretion over taxation of petroleum
products, “fucl tourism” is a EU-wide phenomenon - see European Parliament (2003).!
This, combined with the fact that it might imply a significant drain on budget revenues
in high-petroleum-tax countrics - the Financial Times (February 16, 2007) reports the
European Commission cstimates that “fucl tourism” cost Germany GBP 1.3 billion in
lost tax on Diesel fuel alone - make it a common topic in the news.

The “fucl tourisin” phenomena is not constrained to countrics sharing significant bor-
ders - the casc in point is the UK and Ireland. Although the border between those
countries is confined to a thinly populated areas of Northern Ireland Fitz, Bergin, Cone-
frey, Diffney, Duffy, Kearney, Lyons, Malaguzzi, Mayor & Tol (2008, Box 5.4, p. 110)

cstimate that:

(...) in 2005 between 5 and 9 per cent of total petrol sales in Ircland were

consumed abroad. The figure for diesel is 15 to 20 per cent.
Similarly, Tax Strategy Group (2003, p. 14) claims that:

While the relative strength of the Euro has narrowed the differential with fuel
prices in the North, there is still a considerable incentive for so called fuel

tourism, i.c. purchases by Northern residents in this State.

Given the above, it is hardly surprising that the issuc of decreased encrgy tax revenucs
due to adverse pricing dynamics receives significant political attention - as indicated by
the Housc of Commons Report (2001). Laszlo Kovacs, Europcan Union tax commissioner,
claims that “fucl tourism” costs some national exchequers hundreds of millions of Euro
a year and causes damages to the environment as truckers go out of their way to find
discount Dicsel - the Financial Times (February 16, 2007).

In this section, we analyse cross-country dynamics in the EU petroleum markets us-
ing a multi-product and multi-country framework. The purpose is to check for possible
differences between level of prices in the EU countries and the impact these diflerences
have on price transmission, particularly from the point of view of asymmetric price trans-
mission. This is done in two stages, with the first involving an analysis of cross-country
linkages and focuscd on testing for the existence of the "fucl tourism” phenomena and
the sccond focused on its impacts on asymmetries (rigiditics) in price transmission. By
doing so, this chapter represents an attempt to link two strands of literature: the one
on cross-national price dynamics (summarised below) and the other on asymmetric price

transmission (described in chapter 3).

1Directive 2003/96/EC.
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Literature on Cross-Country Dynamics

Journalists like to paint the romantic picture of drivers travelling to ncighbouring low-tax
countries in order to tank-up and avoid high taxation levied at home - sce for example
the Financial Times (February 16, 2007). This picture tends to be accepted by politicians
and cven cnvironmentalists, For cxample, the Europcan Parliament (2002) deemed it
important cnough to vote on local harmonisation of petrolcum taxation,? while the Expert
Group on the UN Framework Convention on Climate Change (1997) claims that such a
trade might be even responsible for increased pollution and CO; emission in the low-tax
EU countries.

For North Amcrica, Slade (1992) reports a shift in demand from Canada to USA that
followed a reversal in price differentials between those two countries. Slade (1992, p. 263)
claims that the resulting "fucl tourism“ was so significant that it resulted in a price war
and local market disruptions in both countrics.

The importance of “fucl tourism® for the EU might increase duc to sustained cross-
national differences in taxation of petroleum products (see Newbery (2001) for details) and
decrcasing barriers to movements within the EU, mainly due to removal of or ‘rcduction
in passport and custom controls (sce Williams (1996) for an overview of 1995 Schengen
accord and similar policics).

Rictveld, Bruinsma & van Vuurcn (2001) analyse the consequences of spatial distri-
bution of fuel taxes, and shifts between the Netherlands and Germany. The results of
the drivers’ survey indicate that approximately 30% of the Dutch drivers fuel in Germany
which confirms the view that “fuel tourism” is indced widespread.

Bentzen (2003) analyses retail petroleum price convergence in 20 OECD countries
over the 1978-2002 period with the help of standard time-scries techniques (existence of
common trends using DF tests). The results indicate that there is very little or no support
for the notion of price convergence either in nominal or purchasing-power-parity-adjusted
prices. No other analysis of cross-border purchascs is reported.

Michaelis (2004) analyscs the incentives for “fucl tourism” and shows that even com-
parably small price differences induce an increasc in perceived profitability of cross-border
purchascs which could potentially be utility-decreasing. The author concludes that it is
necessary for drivers to learn the complete private costs of purchasing the fucl abroad. Un-
fortunately, the analysis is not backed-up by estimation and relies mainly on simulations
based on price differentials.

Drcher & Kricger (2007) analyse the prices of petroleum, Dicesel, gasoil and fuel oils in

2Updates to Directives 92/81/EEC and 92/82/EEC.
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the old EU-15 countrics over the period 1994-2005. Using univariate and pancl techniques
they show consumer price arbitrage (i.e. arbitrage for retail tax-inclusive prices) to be
weaker than producer price arbitrage (i.c. arbitrage for retail prices net of taxes). This is
hardly surprising as the latter requircs both tax convergence and realisation of arbitrage
opportunities by the drivers while the former docs not depend on synchronisation of taxes.
The results do not focus on the pattern of the adjustment or on whether the adjustment
differs between high and low-price countries.

Banfi, Filippini & Hunt (2005) analyse “fuel travels” to Switzerland from Germany,
Francc and Italy. Bascd on the cstimates of the pancl demand model, they argue that as
long as price differentials persist, the foreign drivers cannot be easily convinced to stop
fuclling in Switzerland. The simulations indicate that from 1985 to 1992 " fuel tourism” ac-
counted for about 15% of overall petrol sales in the three neighbouring regions of Switzer-

land, falling to about 7% between 1992 and 1997.

6.1.2 Empirical Analysis

The cross-country dynamics arc analysed using the same datasct as the one used in the
two previous chapters, with the addition of data on tax-inclusive, pump prices of all
products, translated to the common denominator using local currency to USD exchange
rates. The all inclusive prices arc used to cstablish in which countrics the end users face
higher prices and thus should be more likely to engage in “fucl tourism”. Tables A.73 -
A.84 present the yearly averaged all-inclusive prices expressed in USD.

Bascd on the geographical data, summarized in Table A.1, we analyse 71 cascs when

one country bordered another, thus giving rise to possible “fucl tourism”.3

Cross-country Links

The simplest way of analysing the cross-country dynamics would be to use the VECM
model as given by (4.4). A significant drawback of this testing framework is that cross-
country cffects cannot be readily tested, unless some restrictions are placed on other parts
of the model. As an cxample consider a situation when one is interested in analysing the
pricing system in the two-country framework, and testing whether the retail prices in the
respective countries affect each other. In such a setting, the standard solution for testing

the null hypothesis of no effect of foreign retail prices on domestic retail prices would

3A possible drawback of this dataset is the lack of data on non-EU countries bordering EU states
(mainly Switzerland and the FSU countries). Furthermore,
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involve using:

BO)% =2 - 0yziy — ...~ Bz, = 4 (6.1)
where:

o z: — (In(ngrodud.Counlry)), ln(yEProduct.Coumry'})‘ In(x), ln(e:rc"““"'”),In(ezc"f‘“"‘i"))'

is the column vector of the variables (by country, its neighbours, and by product);
e Country* stands for countrics bordering the country analysed;

and testing lincar restrictions on (6.1) in the form of a vector with zcro values for the
foreign prices and oncs otherwise - (1,0,1,1,1). Unfortunately, this specification restricts
all other cffects (such as the marginal impacts of crude oil and the exchange rate) to be
of equal magnitude, which is implausible.

In this scction we deal with a situation similar to the example presented above, as we
are interested in establishing whether disequilibria in prices abroad could affect prices at
home. In particular, we want to verify the ancedotal evidence about the potential impact
of high petrol prices in one country on cross-border purchascs.

The rcasoning is that if a bordering country has constantly higher prices, a certain
portion of users from that country regularly purchascs petrol abroad (i.c. in home country)
and this is reflected via aggregated demand in the home country’s prices. This portion
of total demand is assumed to be constant and cannot be distinguished from domecstic
demand bascd on aggregated data. However, this demand is likely to increase when prices
of products abroad increasc.

In order to test for the presence of such a pattern and overcome the restrictions of the
VAR framework described above, we estimate the auxiliary ECM model of the following

form:

. Y (i B ikt e g
Aln(yFP) = 7GR0 + 3= 7RI 4+ 5~ P Aln(ezk ) + 3 k9P Aln(z,) + 1,
k*=1 =0 =0
(6.2)

where:

o k* describes the ncighbourhood of the country k, i.e. other countries from the

sample that border country k, n* denotes the number of these countrics;

o é E’_’]‘) arc lagged residuals from the level equation é9%) = | n(yoM) —&gim—=Bimin(z)—

Aixln(ez*®) for the country k and product j;

-

o e9%) arc lagged residuals from the level cquations €, = In(y*")) - Gre gy —
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Bk 3yIn(x) = Ak= gyIn(ex*") for all the countrics that border country k, i.c. k* and
product j.

In the sctting described above, the focus is on the 7U*) and 70+ coefficients. In the tra-
ditional one-product setting, the 7U*) cocfficient represent the adjustment of the system
towards the long-run cquilibrium after a discquilibrium occurred. In the sctting given
by (6.2), the 7U#") coeflicients show the response of the local prices (via change in the
local disequilibrium) to disequilibria in neighbouring countries. If the coefficients are pos-
itive it means that local downstream prices and discquilibria increase when disequilibria
in the ncighbourhood are positive, i.c. when the actual prices are above their long-run
equilibrium levels. Intuitively, this could lead to an increase in individual cross-border
purchascs, thus resulting in the "fucl tourism” and increasc in demand in low-price/tax

country.?

Asymmetries in Price Transmission

We also implemented cross-country disequilibrium feedback mechanism into (5.2) so that
the LHS variables would include residuals from the neighbouring countrics, lagged by one
period.

This analysis is performed only for markets for which data on neighbour’s prices were
available, by inclusion of lagged residuals from ncighbouring countrics, so that (5.2) in

traditional STAR testing framework becomes:

Aé = QO+ X+ * (K xéa) +Gr (Xe &) + ¢ * (Xpx€_y)

. (6.3)
+¢ * (X x &_g) + v

where X¢ = (€i-1, €51, Dée-1, -+, OE—p), and &_, denotes residuals from the LR pricing
cquation in neighbouring countrics.
The model above allowed us to test whether the inclusion of neighbour’s dynamics

affects the results of the non-lincarity tests, reported in 5.2.1.

4Qbviously, this can occur only when efter-taz prices in a neighbouring country are higher than in
the home country so that such a trade is profitable for most users. The tax portion of the retail price is
irrelevant for some users (via VAT reimbursement), but the majority of buyers consider only fully-loaded
prices.

170



Table 6.1: Non-Linearities in Price Transmission (Cross-Country Effects)

DIESEL ULP GASOIL LPG RFO.1 RFO2 LP
AT x/x x[/x x/x [ E/L / /
BE L/E x /L L/E x/E x/L E/E L/L
cy -/- AT A / / -/
CZ x/- /- x[x -[L </~ <[+ +/-
DE E/x L/E x/x -/- LJL / X [ x
DK E/x x/x L/E / x/x / x [/ x
EE -/- /- /- /- [ | [
ES x/x x/x L/E x /- x[/x x/x x/[x
FI x/E x/E EJE / E/L / /
FR E/L x/x L/L x/x x/x -/- E/x
GB E/E x/x L/x [ /- x[x -/
GR -/- /- /- / AEY Y&
HU -/x  x/L -/x /- x/x [ /[
IE E/E x/L E/x [ / /- -
IT L/x L/x L/L -/- x/E x/x x/L
LT x/x -/x x/L -/x x/x -/x /
LU E/L L/E E/E x/L L/L -/- LJ/E
W~/ x[- <j- -j- [ [ -]
MT -/- /- /- [ | [ -]
NL E/ x/x E/x -/- E/E / -/~
PL x/x E/x x/x -/-  -/- x/x /
PT L/E E/E -/- -/- E/E -/- x/x
SE L/L x/x EJ/L / E/L / /
SI x/x E/x -/x -/E /- ] /
SK </x )x f- <f- - [ /-

Notes: For each country-product pair, the first symbol refers to USP to DSP
transmission and the second one to MSP to DSP transmission. Symbols used:
L - LSTAR, E - ESTAR, x - linear coinlegration, — no cointegration or data
on prices in neighbouring countries not available.
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6.1.3 Discussion of Results
Cross-Country Links

Tables A.85 and A.86 present the results of the estimation of ECM model given by equa-
tion (6.2) with the p and g paramcters set equal to 4 (onc month coverage). To facilitate
the analysis of the results, the headlines of the tables include comparisons of tax-inclusive
prices expressed in USD, averaged over the entire sample. The aggregate information
should be analysed in conjunction with ycar-by-ycar data presented in Tables A.73 -
A.84, as on some occasions changes in taxation could affect the relative prices.®
Cross-ticr comparisons of the results reveal consistent values and signs of the estimates

of cross-country dynamics. This pattern of 70*") values suggests that:

e when neighbours’ prices are higher than home prices the coefficients of interest
are positive, i.e. home prices increase whenever neighbours’ prices are above their

equilibrium values (i.c. are even higher than usual);

e when neighbours’ prices arc lower than home prices the coclficients of interest are

zero, i.e. home prices are not affected.

As an example of the former conclusion, consider first the model for ULP petrol in
Austria. The mean tax-inclusive prices in Austria over the sample period arc amongst
the lowest in the region (lower than in Italy and Germany). The results of estimation of
(6.2) indicate that when prices of the product are 1% below their long-run values (1%
discquilibrium), the adjustment cquals .09%. Accordingly, when a similar discquilibrium
cxists in Germany, Austrian prices increase by .07%.8

While the former conclusion is sclf-cxplanatory via the supply-demand relationship,
the latter one requires some interpretation. Basically, the results obtained show that local
buyers who can do it arc alrcady buying abroad and when prices abroad increcase even
further they do not change that pattern. This is in line with the results obtained by
Rictveld ct al. (2001) and Michaclis (2004).

The results also confirm the conclusions presented in the qualitative study by Rictveld
ct al. (2001) - in both countrics bordcring the Netherlands (Germany and Belgium) the
results of cstimation of (6.2) for both motor spirits (Diesel and ULP) show that when

5For example, in 1994 tax-inclusive USD-denominated ULP prices were lower in Germany than in
Belgium. This was reversed in 1995.

6Please note that while the average prices over the sample size are lower in Austria than in Germany,
in the years 1995-1998 Germany enjoyed actually lower prices. This offers an interesting opportunity for
time analysis in the spirit of Slade (1992).
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Dutch prices increase (i.e. they are even more expensive, the disequilibrium is positive),
the German and Belgian prices increase via the supply and demand link.

Unfortunately, as no dctailed data arc available, we cannot cstablish whether the
discovered patterns might result from other market cvents, such as shared transportation
bottleneccks, interruptions of refining activities, ctc. However, it is unlikely that those

random phenomena could cause persistent cross-country dynamics found in the data.

Asymmetries in Price Transmission

Table 6.1 summarizes the results of the analysis for USP to DSP and MSP to DSP
transmissions. Compared with results for one-country analysis the inclusion of cross-

country dynamics results in:

e with respect to cross-ticr links - a more balanced distribution of the non-lincaritics
- once cross-country effects are taken into account, the non linearities tend to be

found in both indirect USP to DSP and MSP to DSP transmissions;

e with respect to products - higher degree of non-lincaritics for consumer products -

mainly ULP, Diescl and gasoil;

e with respect to countries - higher degree of non-lincaritics for low-cost countrics -

most notably new EU-10 countrics and Luxembourg,

The detailed results arc presented in Table 6.1. Generally, the results should be scen
as a confirmation of the one-country analysis. In particular, the addition of cross-country
effects causes the results of USP to DSP and MSP to DSP to become more uniform. The
most likely explanation is that cross-country data introduce some cross-tier information
lost in the onc-country sctting.

The patterns visible in the results support the notion that the drivers in high-tax
countries tend to travel to neighbouring low-tax countries and enjoy the price differen-
tials, thus contributing to the demand abroad, as specified by Rietveld et al. (2001) and
Michaclis (2004). The intensity of the fucl travels scems to increase whenever prices in
home country are above their long-run cquilibrium levels, thus resulting in extra incentives
to fill up abroad. This nceds to be verified with the usc of information on the volume of
trade and commuting, but such data are unfortunatcly not available for all EU countrics.
In particular, we confirm the claims made by the Financial Times (February 16, 2007)
as Luxembourg is found to be significantly affected by the positive motor spirit price

discquilibria in the ncighbouring countrics. The results for other products which are less
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likely to be subjected to ”fucl tourism” are less clear-cut. For example, the existence of
the France-Germany relationship for heating oil found by Indejehagopian & Simon (2000)
is not confirmed. This might be due to the fact that the sample includes also Belgium
and Italy or might reflect that heating oil purchases rarely involve cross-border purchases.

Despite the reservations described above, the results of the analysis have potentially
wide-ranging implications. In particular, "fucl tourism” has to be taken into account
when discussing benefits from fucl-tax harmonisation within the EU. If drivers are likely to
travel abroad, the EU-wide harmonisation might be the only viable option to be employed
for the sake of environment and prevention of tax-basc erosion. Partial attempts that
do not account for geographical features of the EU borders might not necessarily be
successful. It is important to stress that the link between price differentials and
discquilibrium restoration discussed above might not be the only source of price dynamics.
An alternative mechanism might be related to organized, high volume smuggling. Despite
the efforts of the EU governments and enforcement agencies, the problem of smuggling
remains significant. Continuing the example of Ireland and the UK, in the words of the

Northern Ireland Affairs Committee (1999):

There is no doubt that the differential in fuel prices (...) has serious con-
sequences for fuel suppliers and road hauliers. It is also a wider problem in
that, besides distorting trading patterns, it appears to have become a means

of funding for paramilitarics and racketcers.

The Swedish Environmental Protection Agency (2000) extends the example to the new

EU-10 countries:

(...) this problem is argued (...) to be of particular importance in rclation
to EU Enlargement as well, as smuggling and tax cvasion in rclation to fucl

arc alrcady very widespread in many Central and Eastern European countries.

Although smuggling can potentially have significant impact on the issue analysed in this
section, we cannot asscss the extent to which it is reflected in our results. This, however,
docs not change the basic policy recommendation resulting from our work - EU-wide
harmonisation of petroleum taxation can significantly reduce cross-country fuel purchases,

both legal and illegal.
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6.2 Explaining the Presence of APT

As discusscd in chapter 1, standard cconomic models of market behaviour (perfect compe-
tition, oligopoly and monopoly, etc.) do not explain the presence of non-lincaritics in price
transmission. Over the ycars, APT rescarchers have proposed several casual explanations
of the non-linearity phenomena found in the price serics, but their applicability for the
purposes of this analysis is limited for several reasons. Firstly, they do not offer a compre-
hensive picture of market pricing but were rather prepared to explain a particular sct of
results obtained for a particular product, market level and data frequency. Accordingly,
thosc casual explanations disregard issucs of smooth transition between pricing regimes or
the presence of more than one type of transition between pricing regimes, instead focusing
either on SETAR-type asymmetry or unspecified asymmetry proxied by the non-linear
ECMs. Sccondly, the lack of a uniform framework and reliance on numerous, situation-
specific assumptions often leads to conflicting predictions and makes assessing relative
merits of different explanations impossible.

In this scction we describe the most common explanations of the APT phenomenon.
We focus on their applicability to pctroleum markets and whether they arc consistent with
the results of this analysis. In the second part of this scction we present some attempts to
distinguish between conflicting explanations of APT. Since this study does not attempt to
answer what causes non-lincaritics in the data, we only present explanations which have
been offered in the existing literature, assess their applicability to pricing of petroleum

products and discuss whether their predictions find support in the results of this analysis.

6.2.1 Abusec of Market Power

The most popular explanations of APT link its presence with some form of abuscs of mar-
ket power. This link is often used to justify the launch of formal inquiries into petrolcum
pricing or the introduction of pricing controls designed to curb the possible welfare trans-
fer to the perpetrators. Bcelow, we discuss various strands of the litcrature on market
power abuse that might shed some light on whether it could facilitate APT.

Regardless of whether the abuse of market power is governed by a formal cartcl agree-
ment or occurs as a result of tacit collusion, obtaining artificially increased margins is a
punishable offence under the laws governing most market economies. In the EU, each
member state can punish anti-competitive agreements according to Article 81 of the EC

Treaty - Motta (2004).7

TFor an extensive overview of the theory of collusion see Tirole (1992b), Green & Porter (1984) and
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Given the gravity of the offence, it is obvious that colluding companies would obstruct
identification of their deeds. This, combined with lack of a clear definition of relevant
market and abuse in the presence of collective dominance, makes verification of market
power as a source of APT difficult, not only for economists but also for practitioners.
Kovaé, Putzova & Zemplinerova (2005) report a case from the Paris Court of Appeal,
which overruled the guilty verdict in a casc of petrol retailers who shared information
about the prices charged. The appcal verdict stated that although the companics ex-
changed the information on retail prices, this information did not restrain their autonomy
to set their prices (although from the economist’s point of view, such information sharing
clearly facilitates non-competitive pricing or tacit collusion).

Because the collusive profits obtained by participants are assumed to remain stable (in
the absence of external shocks), collusion should not result in APT unless (i) participants
decide to disguise their actions as APT or (ii) non-lincar pricing results from imperfections
in monitoring or maintaining the collusive agrcement.

By definition, under the assumption of perfect monitoring and faultless monitoring,
the margins of participants remain unchanged as long as the collusive agreement is stable.
Once the agreement is broken and companics that adhere to it punish the “cheater”, a
sudden drop of the price occurs. This can lcad to a reverse “rockets and feather phe-
nomenon”, with prices falling faster than they rise.

The situation described above does not find support in the data used as both retail
and mid-stream prices exhibit constant variance. Furthermore, Kolmogorov-Smirnov (KS)
tests do not reject the null hypothesis that absolute valucs of price increascs and decrcascs
come from the same distribution - sce Eckert (2002, p. 56) and Eckert (2003, p. 155) for
a formal discussion.® Furthermore, the non-lincar patterns found in the data (short-run
adjustment measurcs in ESTAR and LSTAR modcls) do not indicate the presence of a
reversed “rockets and feathers” phenomenon.

Accordingly, it is unlikcly that companies could manage to disguisc their collusive
pricing practices as APT. Apart from obvious difficultics with coordinating responscs to
upstrcam changcs, given the size of petrolecum markets and the fact that they consist of
numerous companics operating at every distribution tier, such a complex collusion would

require a truly cpic conspiracy.

the references therein, For a discussion focused on petroleum markets see Driffield (1999), Drifficld &
Toannidis (2000) (for the UK), Slade (1987), Borenstein & Shephard (1996) and Borenstein et al. (1997)
for the Northern America.

81p section 4.1.2 we discuss this issue in greater detail. The results of the KS tests are summarised in
table A.70. Following convention used in the code for KS test available in GNU R - Thaka & Gentleman
(1996) - the last column in Table A.70 presents the complements to the p-value for the test (that is
1-p-value for the test),
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Once the assumptions of perfect information are dropped, additional forms of APT can
emerge from collusive behaviour. As an example consider a closed, colluding market for
homogeneous products sold by firms which have no knowledge of quantities supplied to the
market by other firms and have to deduce the total supply to the market from the market
prices they observe. In such a situation, in order to maintain collusion the participants
must disregard small price changes (as these might result from random demand shocks)
and recact only to significant drops in sales which indicate that someone exceeds assigned
quotas. Thus, the equilibrium behaviour involves (i) a cooperative phase in which all firms
produce their shares of agreed output and (ii) a punishment phasc - when prices fall below
the threshold value, companics assume that a member of the agreement cxceeded assigned
quota so they should retaliate and quickly restore the equilibrium levels of supply and
prices. This could lcad to APT in which positive and/or small negative shocks to margins
are left unchecked, but significant negative disequilibria are eliminated fast. While the
sluggish response to price changes does find support in the results obtained (significant
presence of ESTAR models), the asymmetric nature of answers to positive and negative
price shocks is not supported by the results of this analysis. In addition to the cstimation
results presented in Table A.71, the scatter plots of A¢, against ¢,_; presented in Figure
A.87 (together with OLS regression fit and LOWESS non-parametric smooth lines as
proposed by Cleveland (1979) and Cleveland & Devlin (1988)) do not support the notion
of faster responsc to negative discquilibria.

Eckert (2002) also deems this explanation unfit for petroleum markets as (i) players
can casily obscrve others’ pricing® and (ii) market disruptions are relatively frequent and
are not followed by periods of stable prices as should be expected from the market ruled
by an agreement.

If the market demand is allowed to change substantially (which by itself is questionable,
as market data presented in chapter 1 suggest stable demand), the collusive story offers
another way of modclling APT. Rotemberg & Saloner (1991) indicate that apart from
the actual punishment, firms might choosc to lower prices also at times of reductions in
collusive profits (e.g. following low demand), simply to remove the incentive to renege
on the agreement. In such a sctting, assuming random shocks to demand, the highest
sustainable margins would be at times of high demand after which the demand is expected
to decline. At other times, the agreement is defended by lowering margins. Haltiwanger &
Harrington Jr (1991) replace the stochastic demand shocks with a dynamically changing

path of demand which Icads to a model in which maintaining collusion depends on the

9g,ch data unfortunately are either not available to researchers or priced out of their reach.
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predicted changes in demand. With demand increasing, expected profits increase and
so docs the incentive to sustain collusive prices. Thercfore, the highest margins should
occur in periods when demand is expected to increase. Unfortunately, without detailed,
high-frequency data on consumption patterns, this explanation cannot be tested directly.
Furthermore, the assumption of significant random shocks to demand is questionable,
as market demand is fairly stable and shocks can be met by adjustments in inventories.
Obviously, shocks to small and/or isolated markets could still result in APT in a manner
described above, but those situations cannot be analyscd using aggregate data of the
kind used in this work. Regardless of the remotencss of the market, the applicability of
this explanation still relics on the inability of players to monitor / predict market sales,
which might be questionable as several market consultancies (including Platt’s) offer such
analyscs. Furthermore, this analysis docs not cover how markets perecive the prices and
what are the expectations regarding their changes.

Borenstein & Shephard (1996) recast models by Rotemberg & Saloner (1991) and
Haltiwanger & Harrington Jr (1991) in terms of dynamic changes of marginal costs rather
than demand. Therefore, when upstrcam costs are expected to increase, players expect
lower collusive profits, thus lower costs of punishments and might be more likely to cheat
on the agrecment. This in turn leads to lower collusive margins now. Thercfore, expected
changes in costs have negative impact on current margins.

Green & Porter (1984) present a “trigger” model of tacit collusion. This model involves
a repeated interaction in Cournot quantity competition under the assumption that above
a certain price market players act as monopolists, and when market price drops below
the threshold, they revert to Cournot cquilibrium - which corresponds to the punishment
phasc. An analytical representation of this model is provided by Tirole (19924, p. 264).
Borenstein et al. (1997) develop this model further and explain that prices are sticky
downwards because when input prices fall, old selling prices offer a natural focal point for
oligopolistic players to coordinate. Companies price at this point and realize extra profits
until an adverse demand shock forces prices downwards. Converscly, input price increases
invalidate old reference prices, as the margins are squeczed. Brown & Yucel (2000) present
a similar explanation in which firms arc unaware of upstrcam prices other players pay and
decide to postpone cutting the margins at times of falling upstream prices, so as to signal
to their fcllow conspirators that they adhere to the agreement. This follows the discussion
of the importance of trust in maintaining collusion - Tirole (1992a).

Unfortunatcly, models assuming a focal price suffer from arbitrary assumptions. Firstly,

the theory docs not specify how scllers coordinate on a particular price. Borenstein ct al.
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(1997) claim that the price charged before an upstream price decrease is a natural focal
point for coordination, but it is not the only equilibrium possible in the model. Sccondly,
cven if one focal or collusive price is informally established, since playcrs cannot enforce
it, as soon as the coordination breaks down, downstream prices should return to the com-
petitive levels. Radchenko (2005b) points out that this revision should bring downstream
prices to the competitive level similarly to the retaliation phase in collusion. A possible
solution is presented by Lewis (2004) who points out that the breakdown of a collusive
agreement nced not result in an instantancous downward revision of prices to compet-
itive levels, as long as the collusion agreements arc only local. However, given spatial
and economic integration of the markets, it is difficult to expect that local station man-
agers would engage in this practice. Furthcrmore, most prices are sct in a country-wide
campaign with a minimum cross-country variance - Asplund ct al. (2000).

Slade (1989) and Slade (1992) analyse sudden price changes that occurred in Vancou-
ver, Canada in the summer of 1983. Both studies interpret the visible patterns as signs
of price wars triggered by unanticipated demand shocks without inference from upstream
prices. In both papers, the author reports the evidence of tacit collusion in which rivals
pay attention to who initiates price change and what is the dircction of this change. In
particular, the responses to increases initiated by the major firm(s) are faster than to
decreascs, with the opposite being truc for independent scllers. This is attributed to the
fact that stations form a tacit collusion in which one of the rules enforcing the agreement
is that majors signal that the price wars are over by initiating large price increascs.

Verlinda (2006) analyscs the degree of APT in wholesale-retail price transmission
in California, US. The author attempts to quantify the effect that individual station’s
charactcristics (in particular spatial featurcs that affect local market power) have on
short- and long-run changes in prices. This is donc by analysing the cumulative response
functions from the Baycsian non-lincar estimation of (2.17) with station-spccific pricing
coefficients (as, Os and vs). The most important finding is that stations with competitors
in closc proximity exhibit a lower degree of APT, which suggests that local market power
affects asymmetry. However, some of the other results reported are counter-intuitive and
at odds with the explanations provided. In particular, stations located ncar other stations
(so that competitors’ priccs would be visible to the naked cye, thus facilitating collusion)
do not exhibit greater APT. Furthermore, stations located ncar shopping centers are
said to cxhibit a smaller degree of APT, although they have a greater number of clients.
Similarly, stations situated in high-income arcas and those with a higher number of pumps

also do not exhibit greater APT, although according to the theory they should enjoy a
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greater market power.

Assessment

Although the link between abuse of market power and presence of APT attracts great
attention, according to Verlinda (2006, p. 7) “the cvidence in support of market power
cffect on pricing asymmetry has been sparse”. This is mainly because of limited data
availability. Since market power is cstablished at the station level, it could be detected
only by utilizing station-level data. Unfortunately, such data are not readily available,
not even for the well-rescarch US market - Verlinda (2006, p. 8). For other commoditics,
for which the data arc casicr to obtain, Pcltzman (2000) finds signs of APT in diverse US
industries, independently of their organization and number of companics they have.

Furthermore, a number of stylised facts suggests that collusive behaviour is not likely to
occur in petroleum markets, so it cannot result in APT. Firstly, collusion is less profitable
and more difficult to sustain in markets with a higher number of players. This cffectively
limits the scope for its presence in the petroleum sector to upstream markets disconnected
from the internationally integrated encrgy hubs. Sccondly, collusion cannot be sustained
without significant entry barriers. This limits the potential scope for collusion to remote
markets relying on government protection. Thirdly, collusion is more difficult to sustain in
industries heterogeneous with respect to firm size and cost structures. Given the structure
of the industry outlined in scction 1.3, this makes collusion less likely to be responsible
for the non-lincar patterns found in the data usecd.

Last but not least, collusion results in a peculiar form of APT, usually with two distinct
pricing regimes and a sudden switch between them. Our results suggest a more gradual
picturc of regime switch in price transmission and the presence of at least two pricing
regimes.

Civen the above, explanations of APT related to collusion find little or no application

to petrolcum markets.

6.2.2 Explanations Related to Search Costs

While collusion-rclated explanations focus on the impact which market supply has on
prices, scarch cost explanations arc concerned with the demand side of price transmission.
Generally, they link APT with costs the buyers face in the process of purchasing petroleum
products. Given how markets are organized, search costs should be significant only at

the retail level - Borenstein et al. (1997). The applicability of this explanation to various
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products is a little bit more complicated. In a recent paper, Kaufmann & Laskowski (2005)
point out that while motor spirits arc purchased mainly by individuals, for which scarch
costs might be significant, heating oil is purchased less frequently and in larger quantities,
which should reduce the cost of scarch per purchase. Unfortunately, the absolute majority
of applicd studics focus on motor spirits (sce Table 3.3) and docs not analysc cross-product
differences. Therefore, the question of whether explanations related to scarch costs apply

to all the products in the same way remains unanswered.

Standard Search Theory

In its standard version, scarch theory links the presence of APT to a short-term market
power the scllers enjoy because buyers faced with higher prices cannot tell whether those
prices reflect common market-wide trends or a station-specific shock. Since searching is
costly, some of them decide not to do it, which gives scllers opportunitics to exploit their
short-term market power. Following this line of rcasoning, Marvel (1976) points out that
tourists do not scarch for chcaper motor spirit on the way as possible costs of obtaining
low price might be high (no knowledge of local conditions) and possible gains are only
occasional.

Given that the “signal extraction problem” is exaccrbated by higher volatility of prices,
whenever buyers know that common price shocks that sellers face had intensified, they
are less likely to scarch for cheap petrol which results in higher APT. Conversely, when
volatility is low, buyers are likely to interpret the high prices they encounter at the station
as station-specific and scarch further, thus decreasing APT.

Simple scatter plots of 3 week rolling standard deviation of downstrcam prices and
discquilibrium (a change in the standard margin), summarized in Figurc A.89, do not

indicate that higher volatility results in higher margins (as proxied by positive residuals).

Search Theory with Bayesian Updating

Benabou & Gertner (1993) introduce an clement of learning to the standard search model
by allowing the buyers to comparc benefits and costs of scarching for cheaper products,
which might rcsult in an increased amount of scarch at times of increasing prices. Follow-
ing this approach, Johnson (2002) explains APT as a rcsult of changes of the amount of
search undertaken by buyers. The idea is that at times of rising prices, buyers secarch more
(if scarch costs allow) which puts cxtra demand on scllers who linger with high prices and
causcs fast price adjustment. Converscly, when prices fall, the demand is lower and there

is no incentive for highcr-charging scllers to lower prices.
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It is important to add that the above applics only to situations when the scarch costs
arc low. When they are high, no search might be undertaken after the upstream price
change and each firm will be able to charge the monopoly price to their existing clients.
When the scarch costs arc moderate, there might still be an equilibrium without search,
where high pricing firms rely on buyers’ reservation condition to prevent scarch.!® With
sufficiently low scarch costs, buyers confronted with higher prices decide to scarch and a
rescrvation price strategy is established.

The prediction of the model that are relevant to the analysis of APT are related to the
effects of inflationary uncertainty. When input costs are volatile, the perception of buyers
change and they update their view of the price distribution. Such increases in volatility

can lecad to:

e an increase in the conditional variance of costs / price distribution, which increascs
profits from searching (greater disparity of prices means more bargains). This is the
variance effect, which always forces increases in the amount of search and lowers

scllers’ market power;

e an increase in the valuc of scarch, as buyers confronted with high price charged by
their current sellers believe that scarch might result in significant savings (if the high
price is due to idiosyncratic [actors specific to their current seller), together with a
lower probability of search, as buyers believe that they are less likely to find such
an attractive offer (because the high price might be due to industry-wide factors).
This is the correlation effect, which can increasc or decrcase the amount of scarch

depending on the changes in the probability and amount of search.

This explanation has scveral drawbacks. Firstly, the model hinges upon the “reser-
vation price” condition. This assumption is casily invalidated both by frequent changes
of prices on petrolecum markets (especially upstream) and the presence of transportation
costs. The simplest possible example is that driving around to compare other offers is
likely to make them unattractive as it involves fucl consumption and thus extra expendi-
ture. Brown & Yucel (2000) indicate that price differentials between US retailers are very
small - a couple of US cents at most. Similarly, Hosken ct al. (2007) report that the stan-
dard deviation of prices charged by 272 stations around Washington DC cquals only 11

cents. Given the maximum feasible retail purchase determined by the tank size (50 litres)

10Reservation condition is a property of the search function that allows customers who rejected offered
price z and decided to search further but found only less attractive offers (y > z) to return to the first
geller and still buy at z. This might facilitate the second equilibrium if search costs are asymmetric
(searching from first to second seller is costly, but the return is not) and significant compared to y — z.
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and the frequency of re-fucling with motor spirits (once a weck or less) this gives potential
saving fluctuating from one to five dollars a week. For other fuels, the price dispersion and
average purchascs might be greater, but lower frequency of purchascs and more developed
market organization (for example, developed and experienced selling staff) might as well
overcome this and result in lower relative scarch costs. Benabou & Gertner (1993, p. 74)
defend their results by assuming that the scarch might still result in APT when scllers’
costs arc not too corrclated - but this assumption is again questionable as in petroleum
markets all playcrs face the same or very similar upstrcam costs.

Interestingly, an experimental study by Deck & Wilson (2004) shows that while there
are differences in pricing between small isolated regions in which search costs should be
greater and central regions with more stations, prices in isolated regions (although higher)
react symmctrically to cost incrcases and decreascs, while central prices exhibit APT.
Clemenz & Gugler (2006) support some of those findings by analysing the relationship
between station density and pricing and conclude that there is no significant relationship

between concentration measures and prices.

Reference Price Search

Lewis (2004) presents a variation of the scarch model in which buyers form their expecta-
tions based on past prices which are used as a reference point (hence the name) during the
scarch. When customers obscrve prices lower than their reference price, they perceive it
as low and do not scarch further. Accordingly, at times of decrcasing prices the amount of
scarch is lower, which results in higher profits and temporary market power for the scllers.
The APT results from the fact that prices respond to cost only when cost is near or above
last period’s price. This usually happens following large increases in marginal costs. This
casual explanation does not find support in the data used - figures presented in Panel
A.90 indicate that downstrcam prices respond both to upstrcam and downstrcam prices,
and that the increascs in upstream costs (marked in red) involve increases in downstrecam

costs (sce dircction of the arrows).!!

Other Scarch Models

Cabral & Fishman (2006) develop a costly search model in which buyers deduce sellers’
costs from the prices they charge and understand that cost changes are positively corre-

lated across scllers. In such a sctting, when buyers face a small increase in prices charged

11y order to account for the impact of exchange rate, the upstream cost changes were presented as a
sum of logarithms, i.e. product of crude oil changes and appropriate USD-home currency exchange rate.
This assumes equal impact of those two factors.
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by their “old” supplicr, they deduce that it is a sign of common industry shock and accept
it as scarching for lower prices is costly and might not result in a bargain. As a result
scllers might increase prices by a little, without losing their customers. Conversely, at
times of small decreases in the upstrecam costs, scllers choose not to decrease their prices
so as to avoid sending their customers a signal that search might be profitable,

For large price changes, Cabral & Fishman (2006) predict that decreases would dis-
courage scarch, as customers believe that other scllers also decrease their prices and scarch
might not be successful. In contrast, potential costs savings after large price increases
might surpass scarch costs, thus inducing scarch and modcrate or full price increascs
(depending on the value of scarch costs).

This model has several verifiable predictions, in particular that cost changes and price
changes have higher corrclation for positive cost changes compared to those for negative
changes and that price decrcascs arc less frequent than price increases. However, the
modecl is based on assumptions that are at odds with the nature of petroleum markets. In
particular, it does not address the impact of inflation or significant and constant variability
of prices which should make buyers accustomed to price changes., Cabral & Fishman (2006,
p. 12) scem to acknowledge that by stating:

(...) for oil products, buycrs are better aware of cost variations. In the model

used, this would imply the absence of stickiness due to scarch costs.

Furthermore, it docs not account for the opposite direction of variance and correlation
effects, whose interaction could cause consumers to search more at times of significant

price decreascs.

6.2.3 Other Explanations
Accounting Principles

Frey & Mancra (2007) link non-lincaritics in price transmission to the accounting principle
used by the scllers. They point that when a historical criterion (FIFO) is adopted to price
goods from the inventories, the firms do not adjust their outputs immediately when costs
change, but wait until the stocks of inputs bought at the old price are depleted. When
instead a replacement cost criterion (LIFO) is applied, firms adjust their prices very
rapidly in response to changes in input costs. In such a setting, the accounting convention
chosen by a firm affects the speed of adjustment, creating ESTAR-type non-linearity.
McLeay & Jaafar (2004) analyse LIFO/FIFO adoption in the EU Member States and
report that firms generally prefer FIFO and the average cost method to the LIFO conven-
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tion (46%, 44% and 10% of firm-years, accordingly). Furthermore, while the proportion
of firms reporting only FIFO or only the average cost method increases, LIFO was com-
monly phased out since the late 1990s, most likely in anticipation of its prohibition by
International Accounting Standard Board in 2003 - the IASB (2003). Therefore, it is
highly unlikely that the accounting principles could be responsible for the LSTAR type
non-lincarities found in the data used. Conversely, they could cause the delays in price

transmission, analogous to those predicted by the ESTAR models.

Market Perception

Pindyck (2001) and Radchenko (2005a) link APT with perception of market changgs, i.e.
whether scllers treat them as a temporary fad or a sign of a permanent market change.
This might lcad to APT as inventory and production dynamics arc all rclated via market-
clearing mechanisms of two markets - for the commodity itsclf and for the nccessary
storage.

As an example consider how an cxogenous shock and related increase in demand
might be perceived by the market. If it is perceived as temporary, the optimum reaction
of the market would be to temporarily push up the prices and usc up a portion of the
inventories. Resulting price increases would be instantancous and reversed only once
the agents replenish their stocks. Conversely, a shock decmed persistent would result in
an incrcased demand for storage and the market response would not involve decreasing
inventorics. At the same time, the net demand also would incrcase as the opportunity
cost of manufacturing increascs.

Radchenko (2005a) analyses the impact of market perception in the transmission be-
tween weekly prices of US crude oil and generic gasoline (inclusive of taxation) over the
period March 1991 - February 2003. For that purposc he utilizes a Markov switching
modecl with probability given by (2.1) and regimes ¢ and j interpreted as one for long and
short term shocks which are modelled by (2.15) restricted so that only the effects of up-
stream prices (crudes) vary between regimes. This lcads to a system in which all regimes
arec assumed to exhibit APT, regardless of the true propertics of price transmission. The
results of Baycsian cstimation indicate the presence of APT in both regimes, which is not
surprising, given that the modelling exercise is designed this way. An interesting finding
is that the majority (97%) of pricc changes arc viewed as transitory and short-lived by
the market and only the remaining 3% have a long-run impact on the downstream price.

The modelling excrcise has scveral drawbacks. Apart from the fact that it assumes

that non-lincarities arc present in both regimes, the price of storage is proxied by a
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difference between spot and future prices - Pindyck (2001). This is questionable, as the
volume of trading in oil greatly surpasscs the trade in spot and future markets - sce section
4.2.1. Unfortunately, based on the data available we cannot asscss the applicability of
this explanation.

An interesting variation of this model is briefly discussed in Asplund et al. (2000)
(sce scction 3.1). The author argucs that since spot prices expressed in USD are more
volatile than USD to local-currency cxchange rate, they arc a more significant source
of uncertainty than upstrcam prices denominated in USD. Thercfore, scllers expect spot
prices to revert and postpone price adjustments. Converscly, a less volatile exchange rate
is less likely to revert, so that firms pass on the changes to end customers faster. This
results in APT in FEX but not upstrcam prices. Unfortunately, this explanation can only
be analysed for the SR changes (LR disequilibria by definition are expressed in the same

currency as downstrcam prices).

Inventory Adjustment

Borenstein & Shepard (2002) note that US refiners hold inventories of motor spirits cqual
to ca. 25 days of sale to ensure frictionless refining operations. Furthermore, because of
transportation lags and technicalitics (such as the inability to use pipelines at less than
100% of their capacity) their distribution centres hold inventories cqual to several days of
sales.!? Given the size of those inventorics and the per-unit price of stored products, it is
obvious that their creation and management is costly.

Reagan & Weitzman (1982) develop a model in which a profit-maximising firm uscs
inventory to mitigate the effects of unanticipated changes in demand. In this model,
costs of creating inventories act as a floor below which it is irrational to scll at times of
adverse demand shocks. In such a sctting, a profit-maximising firm facing lower demand
starts deplcting their inventorics and cutting production, instcad of lowering prices of
their current output. Ilence, an adverse demand shock has a small effect on prices.
Converscly, an increase in demand results in sharp price increases as production lags
and finite inventories constrain sellers’ reactions. As a result, increases in demand are
dampencd through higher prices, while dccreases arc met through lower supply. This
results in the LSTAR-type of welfare decreasing APT.

Kaufmann & Laskowski (2005) investigate whether a mis-specified model which does

12Gince 1972, the EU expects that each of its member states holds inventories equal to at least 90-days
of domestic consumptions. While some of the new members who joined in 2005 fail to do so, they steadily
increase their supply - Balmaceda (2002). While the composition of those reserves varies, their presence
shows that there is a significant non-zero lower threshold beyond which inventories cannot fall.
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not account for quantity responses to adverse demand shocks might over-cstimate the
APT and lead to rejection of the true SPT hypothesis. The author finds that the vari-
ables designed to capture the quantity responses are not statistically significant at 5%,
which docs not support the inventory adjustment explanation. The lack of the link also
finds support in other studies. Johnson (2002) points out that most of the retail stations
are supplied once a weck or even daily so should not have significant costs of inventory ad-
justments. Vésquez (2005) points out that given the stock rotation, inventory adjustment
could be responsible for APT at the manufacturing level but not at the retailing level.
The author also predicts that refineries might create APT indirectly - by delaying price
decreascs at times of lower crude oil prices so as to recover margins squeezed by the costly
adjustment of production at times of increasing oil prices, or directly - by adjusting the
valuc of their stock. While the former is possible, the latter would be against the generally
accepted accounting procedures and thus illegal (sce discussion on market power).
Unfortunately, dircct tests of this explanation cannot be performed due to lack of stor-
age and production data. Even for the US market, which enjoys well-organized reporting

programmes, there is no “reliable and comprchensive data on output and inventories” -
Borenstein & Shepard (2002, p. 120).

Customer Loyalty

Klemperer (1987) develops a model in which switching costs create incentives for scllers to
price their goods in anticipation of future conditions. Thosc switching costs arc assumed
to include lcarning costs, transaction costs and costs resulting from previous participation
in various loyalty programmes (such as repeat-purchase discounts). The last group of costs
is increasingly important for motor fucls as all the major chains introduce loyalty schemes
- sce Dowling & Uncles (1997) for a discussion.

Those costs effectively decrease the elasticity of demand firms face. The higher the
switching costs, the more customers are locked-in with their current seller, the lower
the clasticity of demand and the fewer new customers can be attracted by a price cut.
Accordingly, firms face smaller incentives to lower prices. The author also notes that
the presence of switching costs facilitates tacit collusion, as they decrcase incentives of
playcrs to incrcasc the sales above the agreed quota. The resulting cquilibrium may be
similar to the collusive solution in an otherwise identical market with no switching costs
- Klemperer (1987, p. 377).

The switching costs explanation scems to be readily applicable to petroleum markets

as various loyalty programmecs arc commonly introduced by many retailers. However, this
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ability to realize future profits depends on being able to charge higher prices in the future.
For petroleum products, this is possible only if switching costs were very significant. This
assumption, however, is questionable, as products offered by sellers are homogeneous and
loyalty programmes are fairly similar across the scllers and gencrally have small and short-
lived power over the buyers. Furthermore, this explanation applics only to the retail tier,
and unfortunatcly cannot be analysed using aggregated data used in this dissertation.
As such, it cannot be used to explain the patterns of non-linearitics found in the results

obtained.

Price Cycles

A significant strand of literature is concerned not with explaining the reasons for APT,
but rather showing how other economic phenomena - price cycles - could be mistaken
for APT. The research into this possibility was initiated by Eckert (2002) and his finding
that non-lincar patterns in the transmission between weckly scries of retail and wholesale
petrol prices in Canada might be in fact price cycles resulting from the battles over market
share (so-called Edgeworth Cycles) predicted by Maskin & Tirole (1988).

As an cxample of how Edgeworth cycles could be generated consider a close market
occupicd by two cqual-sized players, manufacturing homogencous goods using the same
cost function and involved in an infinite game played by setting prices. Maskin & Tirole
(1988) show that the equilibrium in such a sctting involves a repeated three-phased cycle,
which starts with both players undercutting cach other to get / preserve market share
(B in Figure 6.2.3) up to the point when prices reach marginal costs and in the resulting
“war of attrition” both have to choose between increasing prices and waiting for the other
onc to do that (C in Figure 6.2.3). Sooncr or later, one realises that it is more profitable
to sacrifice immediate margins and increases its price. Finally, a rapid “rclenting phase”
completes the cycle (denoted as A in Figure 6.2.3).

The interesting fcaturc of Edgeworth cycles is that the relenting phase (and thus the
“apparcnt” APT - “rocket” phase) might occur in the absence of any shocks to upstream
prices - simply as the result of competitive behaviour. This is the defining feature of the
cyclic behaviour - and one that is at odds with traditional understanding of APT. Given
the relative lengths of all phascs, according to the Edgeworth story, prices are almost
always going down, and the sharp increcases arc accidental rather than common.

A clear limitation of the original model by Maskin & Tirole (1988) is that both firms
are supposcd to be of an cqual size, so when they charge the same price on the grid they

split the market cqually. Eckert (2003) and Eckert & West (2004) rclax this assumption
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Figure 6.1: Illustration of the Edgeworth Cycles.

10
Tine

and find no significant changes in the nature of price cycles. Noel (20075) allows for a
greater penetration of small firms and finds that this increases the prevalence of cycles
and shortens the undercutting phase. Eckert & West (2004) find that firms have more
incentives to undercut prices (which results in lower rigidity of prices) when they have
cost incentives to increase volume.

Noel (2007a) focuses on how to remove the compounding effect of Edgeworth cycles
from the retail-level price data so that price transmission studies could distinguish between
the two. The author argues that since the upstream price shocks can postpone or expedite
Edgeworth cycles, there is a need to distinguish between apparent APT and true APT.
To reliably establish the presence of APT, he suggests nesting APT models into those
for Edgeworth cycles. This boils down to a change of perspective in PT modelling. The
standard models assume that in the absence of a shock today, the price would stay at the
last period’s level. However, when downstream prices are allowed to move without the
changes upstream, solely because of the existing Edgeworth cycles, the correct reasoning is
that in the absence of shocks, the correct price would be that resulting from the Edgeworth
cycle. Up to date this remains the only study that allows for APT and Edgeworth cycles
to co-exist in the pricing behaviour and does not treat them as mutually exclusive,

The current research focuses on the presence of Edgeworth cycles in local markets -
usually at the level of a city or neighbourhood. This is motivated by the fact that pricing
decisions of players are in a constant interaction, which can work only in a constrained

environment. Castanias & Johnson (1993) claim that if markets are segregated, a number
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of cycles could independently cocxist provided that there is no room for arbitrage. Those
cycles in principle could result in APT at the higher level of aggregation (c.g. countries)
but only if they were all synchronized. However, since the shocks can occur without any
change in upstrcam prices but only because of actions of local competitors, the cycles
display an inhcrent tendency to de-synchronize. Unfortunatcly, the assumption about
scgregated markets is not readily applicable to petroleum markets where arbitrage oppor-
tunitics can be easily exploited, not only by customers but also by independent retailers.
Thercfore, the Edgeworth cycles are not likely to be visible in the aggregated data.

The presence of Edgeworth cycles does not find much support in the data used. In
particular, the average upwards and downwards runs present in DSPs and MSPs (sce
Tables A.17 and A.18) show that prices do not exhibit the cyclical behaviour. Since this
might be a consequence of spatial aggregation of the data, the final assessment on the
applicability of price cycles explanation has to be based on city/region-level data (sce the

discussion in the last chapter).

Parameter Stability

Cramon-Taubadcl & Mcyer (2001) claim that the signs of APT found in the data might in
fact indicate a presence of structural changes in price transmission which are mis-labelled
by the traditional APT estimation techniques. The authors review three earlier models
used for APT testing, i.c. ECM model allowing for LR APT through Wolfram-type split
of lagged residuals (2.14) and TAR and M-TAR modecls (2.32) with respect to the impact
that structural changes in the LR paramcters (pass-through cstimates) have on the results
of the APT tests. The results of their Monte Carlo experiments show that size of the
APT tests (probability of rejecting the true null of SPT), surpass the traditional 5%. The
intuitive explanation for that phenomenon is that structural changes affect the residuals
in the LR ecquation in a way similar to autocorrelation (consistent over / under-stating of
true discquilibrium), which resembles the signs of APT, such as persistent discquilibria.
While the power comparisons do not cover the smooth-transition models, onc can expect
that while not being immune to this issue, the smooth transition between models might
be less susceptible to mis-interpreting structural changes as signs of APT,

Hosken et al. (2007) analyse the behaviour of retail filling stations in the vicinity of
Washington DC. They find that indeed the market behaviour of stations is a subject to
frequent changes - some of the stations choose to change their typical pricing position
towards the market from ycar to ycar, somctimes dramatically - Hosken ct al. (2007, p.

7). Thosc changes of pricing position might be an inherent feature of petroleum markets,
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responsible for changes in pricing parameters (structural change), mis-identified by some
as APT.

Menu Costs

Another explanation of APT is concerned with the costs of the pricing process. If changing
the current price involves incurring significant costs, scllers are more likely to do so when
other costs (upstream prices) increase, rather than when they decrease (which might result
in LSTAR-type asymmetry). Although this is not dircetly discussed in the literature, it is
obvious that the price change might also occur for significant price decreases - as failure
to meet such changes could result in a lost market share.

Davis & Hamilton (2004) analysc the pricing decisions made by nine ULP wholesalers
in the Philadelphia metropolitan arca with the aim of empirically testing the menu cost
model proposed by Dixit (1991). According to the model tested, the absolute size of the
gap between current and target price should determine the probability of the change.
However, the analysis of the data reveal that the menu cost model is not consistent
with the asymmetric answer to positive and negative price gaps, identified with the use
of an atheoretical logit specification and autoregressive conditional duration model. In
particular, when the actual price is below or above the target price by a small amount,
a price increasc is more likely to occur than a price decrease. In contrast, when the
absolute gap is large, dccrcases are more probable than increases. The probability of

adjustment for positive and negative price gaps is presented in Figure 6.2. The authors

Figure 6.2: Probability of DSP Changes as a Function of Disequilibrium

Aston University

Nlustration removed for copyright restrictions

Source: Davis & Hamilton (2004).
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conclude that pricing decisions arc driven by strategic considerations about customers’
and competitors’ reactions rather than by explicit menu costs. This view finds some
support in the literature - a number of researchers claim that menu costs are insignificant
or even zero - Eckert (2002) and Nocl (2007b), but Slade (1998) points out that costs
related to small price changes might actually involve costs of losing the reputation gained
by holding the prices stable (sce below).

Davis (2007) revisits this topic but with the focuscs on four rctail stations located
in Newburgh, New York, USA. Micro-data indicate that stations change thcir prices
on 8%-13% of the days, which is in contrast to carlicr studies - in particular Asplund
et al. (2000), who find that prices are reviewed daily.!® The core analysis employs a
dynamic structural menu cost model estimated by logit and the autorcgressive hazard rate
methods which compare the costs and benefits of adjusting the prices. This includes a
comparison of actual prices and prices assumed to appear in the absence of menu costs.!
The author estimates two coefficients affecting the probability of changing the price -
maximum deviation between actual and equilibrium price and the standard deviation of
the equilibrium price scrics. The results are found to hinge on the way the problem of
missing observations in the sample was tackled. When missing prices are assumed to be
the same as last day’s prices, the menu costs are significantly different from zero and equal
to .8% - 1.9% of production costs, which suggests a minimum change of approximately
10-20 cents.!® When no assumption about missing prices is made, menu costs are lower
(well below 1% of production costs) or even insignificant.

The author also analyscs the probability of price changes using the same framework as
that employed previously by Davis & Hamilton (2004) to analyse wholesale pricing. The
results indicate that retailers arc more likely to increase their prices than to reduce them
for almost every price gap, which contrasts with Davis & Hamilton (2004) who find that
wholesalers are more likely to increase than decrease price. Furthermore, the retailers are
also more likely to make large decreases than large increases.!® The results indicate that
a menu-cost model describes the data fairly well, but again not completely. The authors

conclude that the visible SETAR stylc asymmetry should be cxplained by theorics other

13This might be due to the fact that the US sample includes only independent retailers, while Asplund
et al. (2000) use prices charged by a vertically integrated company - Shell.

14The latter series was assumed to equal to a sum of costs, taxation and average markup. Such a cal-
culation indirectly assumes a full-pass through - which although not formally tested might be applicable,
given the economic proximity of the analysed tiers and the fact that the analysed stations are not a part
of vertically integrated company.

15Gurprisingly some of the price changes that companies actually introduced are lower than 20 cents,
which casts doubts on the reliability of the results.

16K ffectively, Davis (2007) finds the probability function to be a mirror version of the one found in
Davis & Hamilton (2004) - see Figure 6.2.

192



than menu costs, most likely thosc rclated to scarch costs. Unfortunately, the problem of
missing data introduces a significant uncertainty about credibility of results.

Slade (1998) combines the determinants of sluggish adjustment visible on the demand
and supply sides. This is implemented with the help of a costly adjustment model in
which the decision to adjust the prices is based on costs of changing the price (both fixed
and variable) and profits from such a decision (which include change in turnover and
reputation of the scller). This notion of reputation which a scller enjoys through habit
formation of some buyers, product awarcness and brand loyalty that ariscs through the
repeated use constitutes a novelty that suits the stylised facts of the petrolcum market.
It recognizes that by charging consistently below the market average, scllers establish a
loyal base of buyers which increascs demand. While the model cannot be readily applied
to petroleum markets (it dcals with saltine crackers sold by four chain stores in onc US
city), it points to the fact that menu costs might also include other significant elements -
such as the risk of losing reputation.

Ray, Chen, Bergen & Levy (2006) show that when retailers face costs of adjusting
prices, their supplicrs upstrcam sce a region of inclastic demand where small price changes
do not translate into appropriate downstrcam responses. As a result, small wholesale
increases are more profitable as sellers do not risk losing customers, while small upstream
decreases are less profitable, because they will not create lower retail prices. For larger
changes, the asymmetric behaviour disappears as costs of price changes are compensated

by higher margins. This can result in ESTAR-type non-lincaritics.

Consumers’ Behaviour

Brown & Yucel (2000) point out that if consumers accclerate their purchases in anticipa-
tion of further increascs when prices are rising (or are cxpected to) this might LSTAR-type
positive cause APT. The extent of APT could be further increased if customers are afraid
of running out of petrol and thus accclerate the rate at which they purchasc it. Unfortu-
nately, this explanation does not find support in real life - in Europe, panic and queues

at filling stations have not been common since the second oil shock of 1979.

6.2.4 Distinguishing the Causes
Search Models and Collusion
Lewis (2004) attempts to distinguish between his version of scarch model (reference price

modcl) and two other cxplanations of APT presented in Borenstein ct al. (1997), i.c.
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focal price collusion and the Benabout & Gertner scarch modcel. To assess their relative

applicability, the author attempts to verify their predictions regarding the following issucs:
e when do companics enjoy high profits?
e how quickly do prices respond to upstrecam changes in periods of high margins?
e how quickly do prices respond downwards and is the decline uniform across players?

With respect to the first question, both reference price and focal price models predict
a negative relationship between profit margins and prices, while the Benabou & Gertner
modcl predicts higher margins when prices are rising and falling than when the prices are
stable. With respect to the second question, both focal price and reference scarch models
predict that the prices arc responsive only when margins arc low, while the Benabou &
Gertner model assumes that the prices would respond in the same manner at all times.
For the last question, both the reference scarch and Benabou & Gertner models predict
gradual and unified responses, while the focal price model predicts an uncoordinated
reaction of market players.

The datasct used in this cxcrcisc compriscs a sample of weckly prices charged from
January 2000 to Dccember 2001 by 420 gas stations in the San Dicgo, US arca. The
wholesale prices arc proxicd by spot prices in the Los Angeles arca. The empirical attempt
to distinguish between the modecls heavily relies on a number of questionable assumptions.
Most importantly, although the LR impact of wholesale prices on retail prices was found
to equal only .48, the author imposed the assumption of full pass-through and proxied
the margins with the straightforward difference between wholesale and retail prices, which
might be disputed.

By mecasuring the average margins in periods when retail prices changed by less or
more than one cent, the author finds that margins are high when prices are falling, which
contradicts the Benabou & Gertner models. The effect of margin size on adjustment
speed is analysed under the assumption of full-pass through by estimation of (2.12) split
into two modecls using the residuals from the LR equation to distinguish between high
and low margin periods (g1 > 0, and €1 < 0, respectively). The results indicate that
the price response is more vivid during times of low margins compared to times of high
margins. The APT analysis is performed in a similar manner, by estimation of (2.13) split
for low and high margin times. Unfortunatcly, no tests for the presence of non-lincaritics,

justifying application of what effectively was a SETAR model, is presented.
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APT vs Cyclicality

Using city-level data, Noel (2007b) develops a framework that combines Edgeworth cycles
with APT-related upwards / downwards stickiness and “traditional” perfect-competition
pricing and the effect of infiltration of Small & Medium Enterprises (SME). This is done
using a Markov-switching regression that covers (i) relenting and (ii) undercutting phascs
of the Edgeworth Cycle; (iii) normal pricing sub-regime (similar to the perfect-competition
outcome) and (iv) sticky pricing sub-regime.

The results of the basic estimation (i.e. without variables related to SME penctration)

indicate that:

e in both cyclical phases, the upstream prices do not affect downstream prices in a

statistically significant way (as opposed to the third phase);

¢ the market is more likely to switch from “sharp incrcases® to "undercutting® phase

than to stay in that phasc or return to non-cyclical pricing phasc;

e the market is more likely to stay in the undercutting phase, rather than switch to

undercutting or non-cyclical phases;
o once in the non-cyclical regime, the market is most likely to continuc the same way.

The results also indicate differences between the two cyclical phascs - in particular, the
average duration of the undercutting phase is twice as long as that of a rclenting phase
and the average weekly increase is almost twice as large as the average wecekly price cut.

When penctration of SME is taken into account:

e the probability of switching from undcrcutting to rclenting phasc decrcascs with the

size of the margin;

¢ SME penctration increases the prevalence of the cycles and decreases the duration

of the undercutting phascs;

e increascs in the demand determinants (as measured by driving-age population size
per retail outlet) are positively correlated with the prevalence of cycles. Market size
proxics are also negatively correlated with the duration of the undercutting phasc -

so that greater markets have less asymmetric cycles;

e increcases in the supply density factors (as mcasurcd by a number of stations per

squarc mile) are positively corrclated with the prevalence of cycles.
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Costly adjustment vs Menu Costs

Borenstein & Shepard (2002) develop a formal model in which costly adjustment of inven-
tory stock and production level implics lagged responses of wholesale prices in response
to crude oil price changes. This also predicts that futures for end products do not fully
adjust to crude oil price changes that occur close to expiration date.

The reasoning is that although costly adjustment modifies the market clearing price,
its presence does not affect the market clearing process - demand still equals supply.
Converscly, imperfect information modecls involve non-price allocation, as the equilibrium
price docs not clear the market.

Thus, for markets with many competing and well-informed traders with no or few long-
term contracts, stickiness of clearing prices relative to the long-run costs of production
might indicate the presence of costly adjustment and lack of menu costs. For example,
consider falling crude oil prices. If production / inventory adjustment is negligible and
stickiness results from menu costs and other market frictions, refiners’ marginal costs are
below the transaction price so that they would increase production, which (given that the
prices are sticky) would result in excessive supply that would end up fully and immediately
decreasing prices in the futures market. Conversely, if menu costs do not exist and the
market price stickiness is caused by costly adjustment, the futurcs market will also be
sticky.

The core analysis is done using NYMEC daily prices for New York futures of light sweet
crude and ULP covering the period December 1985 - January 1995. The model used is a
univariate version of (2.62) which unfortunately disregards LR relationship between series
and thus is incorrectly specified - as discussed in Cramon-Taubadel (1998) and Geweke

(2004).

Search Costs vs Oligopolistic Coordination

Radchenko (2005b) analyses the effect of volatility in crude oil prices on the degree of
APT. The author uscs weckly, de-scasonalised data on WTI crude oil and US retail prices
(including taxes) to find that the degree of asymmetry declines with increasing upstream
volatility, which supports the negative corrclation between input price volatility and the
degree of APT discussed in Peltzman (2000) and explanations of APT that focus on the
oligopolistic coordination.

The modelling framework applied by Radchenko (2005b) is based on the fact that three

compcting explanations of APT - oligopolistic coordination theory and scarch theory (in
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standard format and with Bayesian updating) differ with respect to the expected impact
of price volatility on the degree of APT.

According to the standard scarch theory, volatile USPs create a signal-extraction prob-
lem for customers and discourage them from scarching, which in turn decreascs the degree
of competition. Such tcmporary market power given to scllers might result in scllers low-
ering prices slower and increasing them faster. This situation (an increase in the degree

of APT or sustained level of APT after increases in volatility) is depicted in panel a) of

Figure 6.3.
Figure 6.3: Upstrcam Volatility and APT
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Source: Radchenko (2005b).

The oligopolistic coordination theory predicts that increased upstream volatility makes
coordination of collusion difficult, which causes prices to decrease faster in response to a
upstream dccrease and thus results in a decrease in the degree of APT. This situation is
depicted in pancl b) of Figure 6.3.

According to the Bayesian lcarning version of scarch theory, increased upstream volatil-
ity might cither encourage or discourage agents to scarch, depending on the cost of scarch
(i.e. relative strength of correlation and variance eflects). If one assumes that the corre-
lation effect dominates the variance effect, higher upstream volatility should discourage

agents from scarching. In such a situation, at timcs of lower volatility, stations which
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charge less relative to the rest of the market face higher demand and are forced to in-
crease their prices faster, thus incrcasing APT. Conversely, with higher upstream volatility
and lower scarch, the adjustment to increascs in USPs should be slower, This situation
is depicted in panel c) of Figure 6.3.

This rather convoluted reasoning is best illustrated by Figure 6.4. The bottom line
is that results indicating a neutral or positive rclationship between upstream volatility
and that the degree of APT favours standard scarch thcory, while results indicating a
negative rclationship are ambiguous. To distinguish between Baycsian lcarning scarch
theory and oligopolistic coordination onc has to test whether the lower degrec of APT
occurs because of slower adjustment to increascs in USPs (Baycsian cxplanation) or due

to faster adjustment to decreascs in USPs (coordination theory).

Figure 6.4: Impact of Incrcased Upstrcam Volatility
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Source: Radchenko (2005b).

The cstimation of the impact of volatility on APT is done with the help of (2.63).
The lag structure reflects the assumption that volatility affects the degree of APT con-
temporancously, while APT aflects volatility only with a lag. Volatility is proxicd by
rolling standard deviations and cstimated standard deviations d; from the Baycsian csti-
mation of a GARCH(1,1) univariate version of (2.63). The degree of APT is proxicd by
(i) cumulative responscs calculated as in Borenstein et al. (1997) (2.18 and 2.19) and (ii)
impulse functions from cstimation of (2.62). The sccond sct of tools is obviously incorrect
as proven by Cramon-Taubadel (1998).17

17This is confirmed by the fact that the proxics caleulated in this way are negatively correlated with
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The results indicate that volatility does affect the degree of APT and the decreased
APT results from faster adjustment to decreases in USPs. However, this should be treated
with caution, as scvcral issucs apply to the assumptions made, the data used and the
cstimation procedure applied in the study.

Firstly, one has to remember that the entire reasoning presented in the article hinges
upon the assumption that in the Bayesian scarch modecl, higher upstrcam volatility re-
duces scarch. If the opposite was the case, it would be impossible to distinguish between
Baycsian learning theory and oligopolistic coordination. This mcans that in the scarch
model the correlation effect is stronger than the variance effect, and this implies that the
scarch costs are high to begin with - which can be questioned given how often people
compare the prices of petrol.

Sccondly, the data cover only the extreme tiers in transmission (crude oil and retail)
and it completely disregards issues of lagged responses and different impact of APT at
different transmission tiers (raised inter alia by Borenstein et al. (1997)). Furthermore,

the retail data include taxes (which is by itsclf unusual in the literature).

Various Explanations

Wilazlowski (2003b) attempts to distinguish between commonly proposed explanations of
APT (including menu costs, scarch costs, tacit collusion and adjustment costs) by splitting
variables capturing the APT in (2.13) according to behaviour of exogenous variables D;

chosen to mirror the proposed explanations of APT. This results in:

Ay = T B} (Azey)*t + BT BF DYAT )t + Tl Bi(ATe-:)
Tilo B (Aexi—y)t + 320 BF Di(Aez )t + T Bu(Aeze—i)+ (6.4)
+YECM;-1 + ¢

Whenever the dummy variable D} is found to be significant it is interpreted as a sign
of support for the theory according to which the variable was sct. While innovative,
this explanation suffers from arbitrary assumptions about linkages between data (which
governs D}) and cconomic theorics they arc supposed to proxy. The results that do not

suffer from arbitrary assumptions indicate that:

o at times of stable downstream prices the degree of APT in crude oil price transmis-
sion is significantly lower - which supports the costly scarch theory and retailers’

short-run market power it implics;

those hased on Borenstein et al. (1997) and exhibit a completely different pattern of changes over time -
Radchenko (2005b, p. 724).
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e at times of stable downstrcam prices the degree of APT in the exchange rate trans-

mission is not significantly different from that at times of volatile downstream prices;

e at timoes of volatile margins and input prices the degree of APT is lower.

Search Theory vs Production Lags

Kaufmann & Laskowski (2005) analyse two out of three explanations provided by Boren-
stein ct al. (1997), i.c. production / inventory lags and classical version of the scarch theory
by analysing transmission for two distinctively different products (ULP and gasoil) and
relating the identified discrepancies in the results to differences in characteristics of those
two products.

The first explanation is analysed in the spirit of Reagan & Weitzman (1982) (see
scction 6.2.3 for details) and the authors conclude that since the introduction of variables
aimed at capturing quantity responscs to adverse demand changes the results of SPT
tests, production lags and inventory adjustments might be responsible for the presence of
APT. Unfortunately, this explanation does not find support in their empirical results as
some of the specifications of gasoil transmission that account for inventory and production
proxics exhibit signs of non-lincaritics.

For the sccond cxplanation, the authors report that the scarch process in the case
of ULP is transitory and its cost is low while purchascs of gasoil arc less frequent and
some buyers are committed to one scller (c.g. the one who installed the central heating
system). Bascd only on those stylised facts, the authors conclude that the contractual
relationship between scllers and buyers best explains differences between findings for ULP
and gasoil. In principle this could be true, but this explanation is not convincing given
that on other occasions the authors admit that the degree of APT is actually lower for
gasoil - Kaufmann & Laskowski (2005, p. 1595). Last but not lcast, the results of APT
tests for ULP and gasoil arc very similar, and do not offer support for the claim that the
non-linearities present in transmission for those two products are fundamentally different.
Therefore, the results about relative merits of cxplanations based on scarch theory and

production / inventory lags arc not conclusive.

6.3 Summary and Conclusions

The analysis summarized in this chapter focuses on scveral aspects of APT that arc

neglected in the literature. In particular we analysed the notion of “petrol tourism” and
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found that the cross-country dynamics support this notion. Furthermore, the inclusion
of cross-country linkages did not affect the patterns of non-linearities found previously.

In the second part of this chapter we reviewed the explanations of non-linearities
presented in the literature. From all explanations presented, the majority do not find
straightforward application to the EU petroleum markets. In particular, the prediction
of market power abuse theories do not find support in the results obtained, while their
assumptions arc at odds with the nature of pctroleum industry. Similarly, the search
theories find little support for their predictions (in the standard case and for reference
price search) or are based on questionable assumptions (Bayesian lcarning). Other search
models (like the one by Cabral & Fishman (2006)) need to be more refined and precise to
be readily applicable to petroleum markets. A much simpler assessment can be performed
for explanations bascd on accounting principles and customers’ behaviour, which can be
rejected as their predictions do not find support in industry statistics. ‘

The explanations that find some support in the results of estimation include menu
costs, customer loyalty, costly adjustment and market perception of price changes. The
two theories that interpret APT as a sign of other economic phenomena (Edgeworth cycles

and inhcrent parameter instability) cannot be rejected based on the data used.
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Chapter 7

Conclusions

This chapter has two aims. Firstly, to summarise the contribution of this rescarch and
discuss its limitations and possible extensions. Sccondly, to present policy implications

resulting from this study.

7.1 Main Contributions and Limitations of the Re-
search

This section describes key findings of this research, its limitations and possible extensions.
We start with a discussion of the keys areas for improvement we identified in the existing
APT literature. Next, we present the findings related to the long-run relationship between
upstream and downstream prices in different national and product markets. We proceed
with a discussion of the results of tests for the presence and character of non-lincaritics
and a short overview of other findings related to cross-country dynamics and possible
sources of APT. We conclude with a review of limitations and possible extensions of this

rescarch.

State of Research

The review of applied APT rescarch reveals several key arcas for improvement. Firstly,
we notc that although cnergy markets constitute a key clement of EU cconomics, the
mechanics of how they work (in particular, impact of diversified quality of feeds and the
structurc / length of the transmission chain) reccive surprisingly little attention from re-
searchers. This can adversely affect reliability of models utilizing oil prices (those used
in energy safety, inflation modelling and environmental studies, etc.) or even misunder-

standing of market developments (the issucs of 2008 100 USD per barrel record and 2007
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bottleneck around Cushing, Oklahoma described in section 4.2.1 illustrate the point).
Sccondly, the analyses arc constrained in terms of the products, markets and ticers and
suffer from extensive data aggregation or dubious assumptions (e.g. about the pricing
functions and ticrs, full pass-through). Thirdly, the common estimation techniques rely
heavily on harsh assumptions about the shape of non-linearitics, nature of regime change,
involve computationally burdensome tests for the presence of non-linearities and hinder
identification of pricing regime / simulating pricing responses. Furthermore, the issues of
price transmission arc constrained to upstream-downstream (vertical) linkages. In reality,
differences in petroleum taxation give can rise to significant “fuel tourism” and cross-
country price linkages that could erode high-taxing governments’ taxable base. Last but
not least, we find that the applied literature offers only a fragmented picture of possible
sources of APT and docs not address their relative applicability in a coherent manner.
Bascd on the results of this review, we analyse the relationship between prices of

different petroleum products throughout the EU. Below we describe the key results.

Causality and Endogeneity

For the upstream-downstream linkages, the results obtained confirm that prices down-
strcam depend on the upstream costs, with the transmission chain originating from the
crude oil prices. This finding is consistent across all countries, products and tiers. Our
results also confirm that among hundreds of different varietics of crudes, Brent and WTI
remain the most important oncs, despite their decreasing supply. More surprisingly, the
Russian crude oil, just as suggested by industry statistics, is found to grow in importance
and lcad prices in its quality scgment. Interestingly, our results indicate that the prices of
crude oil from the FSU countrics are corrclated with the error term, most likely because
of remotencss of the supply sources and politically-driven supply shocks which decouple
their prices from global markets.

The discovered geographic patterns indicate that EU countries rely to a different extent
on different sources of crudes and that local crudes can be endogenous. This needs to be

recognized and accounted for in a number of applications, for example inflation modelling.

Cointegration between Series

Following political and cconomic integration within the European community, petroleum
markets display similar patterns with respect to the relationship between upstream and
downstream prices. The results indicate integration with international oil markets (re-

flected by cointegration of USPs and DSPs) and with the pan-European ARA trading
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hub (reflected by cointegration between MSPs and DSPs). This relationship is strong
and consistent across countrics for high-volume products (mainly motor spirits), but not
necessarily for LPG, which stands out as an exception, most likely because it is also
obtained from natural gas so that its priccs arc not tied solely to crude oil prices. The re-
lationships between prices are also tested using innovative non-lincar cointegration tools.
The results remain unchanged.

Apart from the analysis of the presence of a long-run relationship between prices, we
also analyse the propertics of these upstream-downstream price linkages. Our estimates of
clasticities present a coherent pan-EU picture indicating that the geographic position and
availability of different crudes affect the elasticities of price transmission. Furthermore,
we test the common claims of full pass-through in price transmission and find that it does

not apply to the casc at hand.

Asymmetries in Price Transmission

After ascertaining that upstream and downstrcam prices arc related to cach other and
the shocks to the system originate upstrcam, we analyse how this long-run equilibrium
relationship is restored following upstream price shocks. This was done with the help of the
STAR estimation framework, which allows us to rectify some shortcomings of previously
used tools, in particular burdensome testing, unrealistic or harsh assumptions about the

regime switch (SETAR) and untraccable regime history (ECM).

Presence of Asymmetries The results of the tests for the presence of non-lincaritics
in price transmission confirm the results obtained by earlier researchers for ULP in the
key EU markets (mainly France, Germany, Italy and the UK) but also point to new cascs
of non-lincaritics in other EU countrics and for other products. The visible pattern of
results shows that non-lincaritics arc not constrained to one product or group of countrics
but rather constitute an inherent feature of petroleum markets.

The findings about the presence of non-linearities significantly broaden the scope of
APT studies, showing that non-linearitics in pricc transmission are more common than

assumed and deserve more attention from policy-makers and rescarchers.

Nature of Asymmetries The results of the STAR estimation indicate that trans-
mission between regimes is smooth, rather than abrupt and complete as was assumed
previously in SETAR models. This suggests that pricing behaviour is far more compli-

cated than assumed, and that instead of simple low- / high-margin sctting, a continuum
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of regimes governs the pricing process.

Apart from the issucs of smooth transition between regimes, this rescarch also sheds
some light on the shape of the transition function. The previously used models cither as-
sumed simple bivariate responses in two distinct models (SETAR models) or disregarded
the issuc of regime identification (ECM based models). Our results indicate that a sig-
nificant portion of transmission chains is characterised by ESTAR-type non-linearities
which instcad of a simple welfare-decreasing behaviour imply a delayed answer to both
margin-increasing and margin-decreasing cost changes.

Based on the estimates of the STAR models, we obtained simulated answers to price
adjustments following upstrcam price increases and decreascs. Those simulated responscs
indicate that in many cases the apparenﬁ welfare-decreasing effect is mitigated by the
autorcgressive portion of the model. The above combined with the analysis of the non-
lincar estimates and the conclusions from the meta-analysis of the results presented in

scction 5.3 indicate that non-lincaritics might be fairly short-lived.

Cross-Country Dynamics

The petroleum products (cspecially motor spirits) are heavily taxed through the entire
EU. However, tax rules and rates are still not harmonized across countries, which gives
buyers opportunity to travel abroad and purchase cheaper products. This phenomenon,
commonly known as “fucl tourism”, is said to result in multi-billion crosion of taxable
base and harmful air pollution from increased traffic.

Using the cross-national datasct, we analysc the patterns of cross-country dynamics
and find them consistent with the predictions of “fuel tourism” - i.e. price increases in
high-cost country increase the demand (and thus prices) for cheaper products sold in the
neighbouring countries. This supports the earlicr, qualitative studics and cxpands the

coverage of “fuel tourism” studics to more countrics and products.

Possible Causecs of APT

As mentioned before, there is no single and coherent theoretical framework encompassing
non-lincaritics in petrolecum price transmission. Qur review of causcs for non-lincaritics
presented in the literature, combined with the results of the analysis, indicate that the
majority of theories do not find straightforward application to the EU petroleum markets.
In particular, the most commonly quoted market power abuse and scarch cost theorics are
found to be bascd on assumptions that are at odds with the nature of the EU petroleum

industry, while their predictions find little support in the empirical results. Explanations
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based on accounting principles and customers’ behaviour can be rejected outright as the
assumptions they are based on do not find support in industry statistics.

The explanations that find some support in the results of estimation include menu
costs, customer loyalty, costly adjustment and market perception of price changes. The
two theories that interpret APT as a sign of other cconomic phenomena (Edgeworth cycles

and inherent paramcter instability) cannot be assessed bascd on the data available,

Limitations and Extensions of this Study

Generally, the approach taken in this study is suitable for tackling this problem domain.
However, it has to be recognised that all rescarch cfforts suffer from limitations and this
disscrtation is no exception to this rule. This scction acknowledges those limitations and
sketches opportunities for further rescarch.

As discussed in scction 6.2, the research into APT remains mainly cmpirical and fo-
cuses on testing the null of lincar transmission envisaged by standard theorics, rather than
on developing a new framework encompassing non-lincarities into the market structure
and bchaviour of pricing agents. While this is understandable given the herculean cffort
nccessary to replace canonical pricing theories, this gap in the essential part of economic
theory (to quote Peltzman (2000)) cannot be left unfilled for long. Recent developments
utilizing station-level US data (mainly Verlinda (2006), Cabral & Fishman (2006), Nocl
(2007b), Noel (2007a) and Davis (2007)) might pavc the way for further rescarch, which
will develop a coherent theoretical framework for price transmission modelling. At this
level of data disaggregation, some qualitative studics based on interviews or surveys could
also be conducted to accompany the purely quantitative rescarch done so far.

QOur rescarch was not focused on crcating such a framework or explaining the pres-
cnce of APT, Given the resources (mostly time and moncy) available, achieving such an
ambitious goal would not have been possible. Instead, its objective was to test for the
presence of APT and gather more information about the mechanics of price transmission
- in particular the shape of non-linear answers to margin-increasing and -decreasing cost
changes. Nonctheless, the results obtained shed some light on possible sources of APT.
In particular, the results show that no single explanation of APT can be used to create
a uniform theory of pricc transmission. Instcad, available cxplanations should be anal-
ysed together, so as to allow for both logistic and cxponcntial non-lincaritics and smooth
regime change.

Apart from creating a thcoretical framework, rescarch into non-lincaritics in price

transmission could be extended in several ways. Below we briefly discuss author’s views
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on future rescarch. We group the suggestions for future rescarch according to what issucs
they relate to - (i) data used or (ii) estimation techniques.

Perhaps the casicst way to extend this rescarch is to improve its data coverage. This
could be done in several ways, most importantly with respect to tier, product and ge-
ographical coverage. In particular, inclusion of the national wholcsale tier data, could
significantly improve Europcan studies bringing them on a par with those dealing with
North America. While obtaining a sct of 25 comparable scrics might be difficult, such
data could allow the researchers to compare efficiencies of national markets (accounting
for the impact of ARA markets) and impact of FEX (as such data would be expressed in
the same currency as retail data).

Accordingly, full product coverage (i.c. inclusion of kerosene prices) could allow the
researchers to calculate the overall profitability on refining activities, in the spirit of Denni
& Frewer (2006). Although Oil Bulletin databascs have placeholders for such data, no
consistent retail price data arc currently available.?

Apart from a broader economic data coverage, the analysis can be extended into non-
EU countries (in particular Switzerland), so as to tackle the issue of “fucl tourism” better.
Similarly, the data frequency could be increased, in particular to analyse the effects of
possible intertemporal aggregation mentioned in section 3.2.2. Wlazlowski et al. (2007c)
argue that intertemporal aggregation can affect the results of non-linear estimation.

Apart from a better data coverage, recent developments in estimation techniques could
also be used to shed more light on the issuc of non-linearitics in price transmission. This
could be done either by utilizing the stochastic framework based on the work of Hamilton
(1989) or by applying the pancl approach to estimation.

Rothman & van Dijk (2003) present an interesting avenue into Monte Carlo simula-
tions that could be of some possible use in price transmission analysis. Wlazlowski ct al.
(2006) show that such a framcwork has a significant potential, not only to confirm the
results of deterministic analysis but also to tackle additional issucs - such as the impact
of external cnvironment (c.g. changes in taxation) on non-lincaritics in price transmis-
sion. Fok, van Dijk & Franses (2005) offer a multi-level smooth transition model for a
panel of time scrics, which can be used to examine the presence of common non-lincar
business cycle fcatures across many variables. Implementation of panel techniques is also
dependent upon availability of a consistent sct of data, described above. With respect

to the rcliability of the results of non-lincarity tests, recent attempts to create a coher-

Nnterestingly, the 2007 database contains also placeholders for crude oil supply costs - which in
principle could replace crude oil prices and solve the issues with transportation costs and variable feed
structure.
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ent testing framework accounting for non-linearity, structural changes and outliers offer
an attractive way to confirm that patterns of non-linearities identified in the data really

reflect asymmetries in pricing.

7.2 Policy Implications

Non-Linearities in Price Transmission

The cornerstone of the discussion about policy implications resulting from this rescarch
is whether any response to non-linearitics in price is necessary. This effectively depends
on purely normative judgement whether possible welfare transfer upstrcam from buyers
/ consumers to scllers should be discouraged. Given that politicians are concerned with
opinions voiced by the voters (the majority of whom buy petrol products) it could be
assumed that some sort of policy responsc cannot be avoided. This lcads us to the
question of what should such a response be.

If non-lincaritics arc trcated as market failures, according to Brown & Yucel (2000),
the economic policy should respond to them only in a degree to which they could be
effectively remedied by the central government, Otherwise, governmental action might
obstruct those market processes it is supposed to protect. Given the above, the optimal
response to APT should depend on a perceived effect of non-linearities and their extent.

As discusscd in chapter 5, although the non-linearitics arc rclatively widespread across
markets, tiers and products, they arc not uniform. In particular, the LSTAR type non-
linearities (which are usually connected with significant welfare transfer) do not dominate
the picture. Instead, the ESTAR type non-linearities which differentiate between the size
of the disequilibrium and not its sign are found in many cases of price transmission. Ac-
cordingly, the picture of price transmission emerging from this rescarch is not particularly
alarming. This is supported by the overview of results reported previously in the liter-
ature (section 5.3) and by the simulations of the responscs to upstream price changes,
which suggest that autoregressive elements of pricing models might dampen potential
asymmetrics and reduce welfare transfer.

The above-described finding has to be combined with the results of the overview
of possible causes of APT. As discussed in scction 6.2, the probable cxplanations of
APT involve key characteristics of petroleum markets, such as competitive / geographical
structure or costs reclated to the adjustment of prices, stocks or production levels. Since all
those clements cannot be adjusted in a matter of weeks (when APT is present), therefore

active policies aimed at countering the effects of APT after upstream cost hikes are most
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likely to be inefficient. Similarly, given the enormous size of energy markets, any automatic
administrative controls on pricing (ceilings, price zones, etc.) are likely to result in losses
from decreased market efficiency that could outweigh possible gains from lower APT.
Given that, the policy response to APT that could mitigate the adverse effects of
both types of non-linearity would have to involve lowering the entry barricrs to upstrecam
and downstrcam parts of the market, deregulation and fostering competition, especially
at the distribution stage. According to the common wisdom, this would increase market
liquidity and customer choice and lower the adjustment costs. The examples of Germany
and Spain quoted by Kirchgassner & Kubler (1992) and Contin ct al. (2004) indicate that

this might mitigate the adverse effects of non-linearities.

Other Issues

Estimation of the long-run relationship between upstream and downstream prices revealed
that EU markets arc well integrated within global energy markets. However, cross-country
and -product differences between elasticities of price transmission and responses to price
shocks still exist. If one assumes that those differences are not a mere reflection of the
geography of the EU / relative access to upstream markets and that efficiency of energy
markets should be increased, the results obtained indicate that there is significant scope
for such action. Again, market intcgration and removal of barriers to trade combined with
regulatory harmonization might be the simplest remedy.

The results of the analysis of upstream markets indicate that prices of Russian crudes
remain endogenous towards prices of end products. This needs to be recognized in applied
models such as those used for inflation modelling. Similarly, modelling of LPG should
account for the fact that this product can be obtained from natural gas and its prices do
not necessarily fully follow crude oil prices.

As for the “fucl tourism”, the simplest and most effective policy response would be
to harmonize the taxation rates so as to remove any incentive for cross-country shopping
trips. Some steps towards that goal have already been taken (Directives 92/81/EEC and
92/82/EEC of the Europcan Commission discuss that issue), but a complete harmoniza-
tion would require the governments of EU member states to relinquish their control in

this sensitive area, which might be difficult.
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7.3 Final Word

This thesis has advanced the rescarch into APT in the petroleum market in the EU
in terms of economic, product and geographical coverage, relaxed assumptions, greater
proximity to the true market conditions, superior estimation techniques and thcoreti-
cal underpinnings of price transmission, It makes some important contributions to the
literature, as reflected by the list of publications resulting from it (page 4).

In summary, this study represents an attempt to obtain a comprchensive overview
of price transmission in the EU. It tackles previously neglected issues of structure of
petroleum supply in the EU, organization of the market and price transmission chain,
causality in intcrnational and Europcan petroleum markets, long-run relationship be-
tween prices and countries. It analyses the presence of non-linearities in the EU and finds
that while non-linearities are present across different countries, products and transmis-
sion tiers as claimed before, their characteristics are different than previously assumed.
This suggests a need for further research, utilizing disaggregated data, perhaps on the
station level and within a coherent theoretical framework, that combines various ad hoc
explanations currently offered in the literature. We see this study as a step towards such

an ambitious goal.
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Table A.2: Product and Country Coverage
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Table A.20: Evolution of USPs and MSPs
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Table A.21: Evolution of DSP
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Table A.22: DSPs - ADF tests
Series t-statistic p-value & H; t-statistic p-value &k Hy
JTATULP) 27 028 8 stationary 7356 001 8 stationary
L(AT-DIESEL) 225 047 8 stationary 726 001 8 stationary
L(AT.GASOIL) 2 058 8 stationary 796 001 8 stationary
L(AT.RFO.1) -1.82 0.66 B8 stationary -7.35 001 8 stationary
BT -2.47 0.38 B8 stationary -10.05 001 8 stationary
L(BEDIESEL) 208 035 8 stationary 851 001 8 stationary
L|BE.GASOIL) 142 083 8 stationary 878 001 8 stationary
L(BERFO.I 218 0.5 8 stationary 91 001 8 stationary
(BE.RFO2) 265 031 4 stationary 359 004 4 stationary
{oE.LPG) 24 041 6 stationary 631 001 6 stationary
,EBEJ—PJ 212 053 7 stationary 881 001 7 stationary
L\ CVOLF) -2.26 047 4 stationary -4 001 4 stationary
2{CY\DIESEL) 21 054 4 stationary -381 002 4 stationary
_lev.Gasor) 208 057 4 stationary 365 003 4 stationary
2{CY.RFO) 212 053 4 stationary 572 001 4 stationary
(CZULF) -2.15 0.51 4 stationary 2.7 029 4 stationary
s!cz.mESSLJ -2.03 056 4 stationary -2.42 04 4 stationary
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z{cz.GASOIL) -1.21 089 3 stationary -3 0.18 3 stationary
LCZ.RFO.Y) .185 064 4 stationary 365 003 4 stationary
4 (CZ.RFO.2) 038 098 4 stationary 387 002 4 stationary
oz.ira) 21 053 4 stationary 183 064 4 stationary
fcz LP) 215 051 4 stationary -263 032 4 stationary
(DE ULF) -3.24 0.08 8 stationary -0.58 0.01 B8 stationary
“iDE,DIESEL) 238 042 8 stationary .87 001 8 stationary
L DE\GASOIL) 206 055 8 stationary 86 001 8 stationary
zEDE RFO.1) -2.07 055 8 stationary -0.82 001 8 stationary
fps LPG) 0.9 095 4 stationary -3.02 016 4 stationary
Em: LP) -2.67 0.3 5 stationary -6.21 001 5 stationary
(DK JULPy -2.65 0.3 8 stationary 10.36 0.01 8 stationary
IDK.DIESEL) -1.81 066 8 stationary -9.31 001 8 stationary
%nx GASOIL) 158 075 8 stationary -9.08 001 8 stationary
fruc RFO.1) -1.77 068 8 stationary -9.84 .0.01 8 stationary
IDK LP) 33 008 4 stationary 526 001 4 stationary
(EE ULF) -2.26 047 4 stationary -2.85 023 4 stationary
M eE,pIESEL) 149 078 4 stationary -2.28 046 4 stationary
L\EE.GASOIL) 276 026 4 stationary -3.96 002 4 stationary
fss LPG) 144 0.8 4 stationary -3.8 0.02 4 stationary
(Mi ULF] 277 025 8 stationary -8.07 0.01 8 stationary
fzs DIESEL) 199 058 8 stationary -809 001 8 stationary
?Es GASOIL) 2.39 041 8 stationary -7.82 001 8 stationary
J{Es.RFO.) 22 05 8 stationary 799 001 8 stationary
izs RFO.2) -2.63 0.31 7 stationary -8.54 001 7 stationary
fss LPG) 2102 093 6 stationary -492 001 6 stationary
fzs LP) .2.56 034 8 stationary -7.98 001 8 stationary
=(F LULF) -3.02 0.15 8 stationary -8.54 001 8 stationary
L(FI.DIESEL) 19 062 8 stationary -8.06 001 8 stationary
2(F1.GASOIL) 184 065 B8 stationary 835 001 8 stationary
ximm'” -1.13 092 8 stationary -9.36 001 8 stationary
—FRUTP) 237 042 8 stationary 851 001 8 stationary
zfm DIESEL) 2.12 053 8 stationary -8 001 8 stationery
(FR.GASOIL) -1.87 063 8 stationary -8.02 001 8 stationary
Era RFO.1) -2.18 05 8 stationary 983 001 8 stationary
xtra RFO.2) 233 044 8 stationary -9.82 001 8 stationary
2FR,LPG) -1.17 081 6 stationary .614 001 6 stationary
irn LP) -1.76 0.68 8 stationary -8.23 001 8 stationary
(ss ULPY 247 038 8 stationary 819 001 8 stationary
(GB DIESEL) -1.86 0.64 8 stationary -8.67 001 8 stationary
icB GASOIL) 117 091 8 stationary 819 001 8 stationary
“tom.rFo) 078 096 5 stationary 58 001 5 stationary
Zcﬂ RF02) .178 067 7 stationary 704 001 7 stationary
iGB LP) 22 049 6 stationary 619 001 6 stationary
temoTr) 275 026 8 stationary -9.2 001 8 stationary
L(GR.DIESEL) -1.96 06 8 stationary 815 001 8 stationary
L(GRGASOIL) 278 025 B8 stationary 763 001 8 stationary
L(GR.RFO.1) 239 041 8 stationary .872 001 8 stationary
icR RFO.2) 2198 050 8 stationary 942 001 8 stationary
Esa LP) 27 028 8 stationary -91 001 8 stationary
x(ﬂ’ UULF) -2.38 0.42 4 stationary -3.82 002 4 stationary
in U,DIESEL) -2.68 0.3 4 stationary -3.6 004 4 stationary
“twu.casorn) -2.68 03 4 stationary 36 004 4 stationary
fHU‘RFO 1 280 021 4 stationary 48 001 4 stationary
qu.wa) -2.25 0.47 4 stationary -3.82 002 4 stationary
pesoRe20) 329 007 8 stationary 745 001 8 stationary
irs DIESEL) 272 027 8 stationary 935 001 8 stationary
[w GASOIL) -2.24 0.48 8 stationary -8.38 001 8 stationary
i:s RFO.2) -1.95 0.6 8 stationary -8.58 001 8 stationary
}1 E.LP) -0.24 0.99 7 stationary -T.77 0.01 7 stationary
{I T.ULF) -2.29 0.45 8 stationary -8 001 8 stationary
fmnwsm 135 085 8 stationary 754 001 8 stationary
*tir,cAsoIL) -1.83 0.65 B8 stationary -7.94 001 8 ptationary
LUTRFO.1) .18 066 8 stationary 2101 001 8 stationary
Err RFO.2) 26 032 7 stationary -8.55 001 7 stationary



LUT\LPG) .1.79 066 6 stationary -5.12 001 6 stationary
LUTER) -175 068 7 stationary -707 001 7 _stationary
(LT vLF) -2.62 032 4 stationary -3.59 004 4 stationary
eroisssn) 297 018 4 stationary -372 003 4 stationary
(LT GASOIL) 350 004 4 stationary -4.43 001 4 stationary

umRro 345 005 4 stationary 462 001 4 stationary

Z(LT.RFO2) 2207 055 4 stationary -4 001 4 stationary
im:.pa) 2.1 053 4 stationary -2.59 0.33 4 stationary

,_.{W-V“’ ) -2.82 023 8 stationary -8.99 001 8 stationary
Ew.m ESEL) -2.17 051 8 stationary -8.14 0.01 8 stationary
“lLu.casor) 223 048 8 stationary 841 00l 8 stationary
5“’ REO:1) -2.48 0.37 8 stationary -8.86 0.01 8 stationary
f-’«U RFO.2) -3.17 009 6 stationary -6.38 0.01 6 stationary
fw'“’c) -2.12 053 6 stationary -6.6 001 6 stationary

aL.EW-!-P) -2.07 0.54 6 stationary -5 001 6 stationary
W LVAOLPT -2.11 053 4 stationary -3.29 0.08 4 stationary
f“’ DIESEL) -3.02 016 4 stationary -4.06 001 4 stationary
f:.v GASOIL) .2.99 017 4 stationary -4.09 001 4 stationary

xfz.v LPG) -2.06 0.55 4 stationary -3.02 0.16 4 stationary
2(EV-EP) 241 041 4 stationary -382 002 4 _stationary
u.n.a LF] -1.74 0.68 3 stationary -3.38 0.07 3 stationary
fm" DIESEL) .154 076 3 stationary 408 001 3 stationary
€m- GASOIL) -2.37 043 3 stationary -3.83 002 3 stationary
tm RFO.2) -0.67 097 4 stationary -3.7 003 4 stationary
fMT-LP) 173 068 3 stationary -338 007 3 stationary
(NL ULF]) -2.66 0.3 8 stationary -9.34 001 8 stationary
fNL DIESEL) -2.49 037 8 stationary -8.1 001 8 stationary
fN el -1.94 06 8 stationary -8.22 001 8 stationary
INL RFO.1) 28 0.32 8 stationary -8.12 001 8 stationary
ENL LPG) .2.43 039 6 stationary 6.5 001 6 stationary
fm. LP) 2.3 045 6 stationary T2 001 6 stationary
~tPTUTP) 221 049 4 stationary 264 031 4 stationary
xfm'- DIESEL) -2.2 049 4 stationary -2.69 029 4 stationary
L(PLGASOIL) .2.36 043 4 stationary -3.73 003 4 stationary
“tpL.rFO) 219 062 4 stationary 33 008 4 stationary
teL.RFo.) 231 045 4 stationary 345 005 4 stationary
EPL LPG) 161 074 4 stationary -2.44 04 4 stationary
lPT ULF) -2.18 0.5 8 stationary -7.48 001 & stationary
fPT.DIESEL) 133 086 8 stationary 841 001 8 stationary
lPT GASOIL) -2.08 054 6 stationary -6.33 001 6 stationary

PT.RFO.) 201 058 8 stationary 768 001 8 stationary

L(PT\RFO.2) 204 056 T stationary 63 001 7 stationary

L (PT\LPG) 234 043 5 stationary 496 001 5 stationary

szT,LP) 257 033 6 stationary 547 001 6 stationary
SSEUTRy 3.1 011 8 stationary -9.18 001 8 stationary
fsE DIESEL) 259 033 8 stationary 872 001 8 stationary

Ifss GASOIL) -1.7 0.71 8 stationary -8.28 001 8 stationary
(ss RFO.1) -2.19 0.5 8 stationary -7.7 001 8 stationary

zla:.w.m -2.3 045 4 stationary -3.98 001 4 stationary

L(ST.DIESEL) 263 032 4 stationary 420 001 4 stationary
L(S1.GASOIL) 26 033 4 stationary 39 002 4 stationary
fsr RFO.1) 168 071 4 stationary 261 033 4 stationary
fsr LPG) 234 044 4 stationary 42 001 4 stationary

—z(SK JULP) -1.93 06 4 stationary -3.47 005 4 stationary
fsx DIESEL) 1.9 0.61 4 stationary -3.3 0.08 4 stationary
fsx GASOIL) a7 029 4 stationary -4.47 001 4 stationary

szK RFO.1) 072 096 4 stationary -4.16 001 4 stationary
L(SK.RFO.2) 071 097 4 stationary 416 001 4 stationary
fsx LPG) 124 089 4 stationary 376 003 4 stationary
isx LP) 0.65 099 3 stationary -2.06 0.55 3 stationary
{U"““l -1.92 061 8 stationary -9.29 001 8 stationary

“Brent) -184 065 8 stationary 906 001 8 stationary
AWTD 185 064 8 stationary 823 001 8 stationary
U«f SPULF) -2.32 044 8 stationary -9.05 001 8 stationary
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g(MSP.DIESEL) -1.96 0.6 B8 stationary -8.3 001 8 stationary
L(MSP.GASOIL) 186 064 8 stationary 816 001 8 stationary
sz SP.RFO.1) -2.15 051 8 stationary -9.77 001 8 stationary
S(MSP.RFO.2) 255 035 8 stationary 978 001 8 stationary
L (MSP.LPG) 31 011 8 stationary -89 001 8 stationary
ZEMSP,LP) -2.26 047 8 stationary -0.46 0.01 8 stationary

Table A.23: USP to MSP Transmission - Cointegration

Urals

Brent

WTI

ULP
DIESEL
GASOIL
RFO.1
RFO.2
LPG

LP

Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%

Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%

Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
Rejected at 5%
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Table A.29: USP to MSP Transmission - Endogeneity

Urals Brent WTI
ULP Rejected at 5% Cannot Reject Cannot Reject
DIESEL Rejected at 5% Cannot Reject Cannot Reject
GASOIL Rejected at 5% Cannot Reject Cannot Reject
RFO.1  Cannot Reject Cannot Reject Cannot Reject
RFO.2  Rejected at 5% Cannot Reject Cannot Reject
LPG Cannot Reject Cannot Reject Cannot Reject
LP Rejected at 5% Cannot Reject Cannot Reject

Table A.30: USP to MSP Transmission - Price Elasticity

Urals Brent WTI
ULP 0.0484351 0.9301356 0.9803701
DIESEL  1.0721811 1.0608335 1.1079452
HGASOIL 0.9911975 0.9791649 1.0190878
RFO.1 0.8097441 0.7890079 0.8169433
RFO.2 0.8540944 0.8316210 0.8577817
LPG 0.8483904 0.8292791 0.8627343
LP 0.9022464 0.8925658 0.9309061

Aston University

Nlustration removed for copyright restrictions
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Table A.31: MSP to DSP Upstream Price Elasticity Estimation Results

“Country LP DIESEL HGASOIL RFO.1I RFO.2 LPG LP

AT 0.41 0.47 0.68 0.90

BE 0.57 0.56 0.83 0.85 0.67 0.49 0.60
CY 0.56 0.69 0.61

CZ 0.64

DE 0.59 0.61 0.78 0.84 0.58
DK 0.54 0.58 0.69 0.99 : 0.48
EE 0.77

ES 0.58 0.65 0.78 0.80 0.64 0.69
FI 0.57 0.53 0.72 1.00

FR 0.67 0.71 0.69 0.89 0.87 0.82
GB 0.61 0.63 0.79 0.90 0.69

GR 0.70 0.83 0.96 0.89 0.87 0.79
HU 0.50 0.63 0.60 0.75

IE 0.46 0.42 0.97 0.90 0.40
IT 0.59 0.66 0.71 0.92 0.64 0.49
LT 0.56 0.72 0.91 0.57 0.83

LU 0.62 0.64 0.72 0.66 0.57 048 0.46
LV

MT

NL 0.60 0.58 0.74 0.74 0.43 0.56
PL 0.92

PT 0.55 0.58 0.80 0.67 0.50
SE 0.51 0.40 0.66 1.02

SI 0.63 0.82 0.76

SK 0.47 0.65

Figure A.1: Long-Run FEX Elasticity, USP to DSP transmission
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Notes: Estimates obtained from linear (left) and error correction (right) models.
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Figure A.2: Long-Run FEX Elasticity, MSP to DSP transmission

o -

15
| VT VAR

05

20
i

laaflm
1

10
1

o0 05

wAT

. T T T T | i = e T T T T T

0o s 10 1.5 20 05 15 10 15 0 5 10 1S
MSP Elasticty MSP Elasticty

Notes: Estimates obtained from linear (left) and error correction (right) models.
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Table A.34: MSP to DSP Foreign Exchange Elasticity Estimation Results

Country ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP

AT 0.23 0.28 0.39 0.58

BE 0.54 0.55 0.82 0.82 0.19 040 0381
CY 0.13 0.92 0.87

CzZ 111

DE 0.52 0.55 0.72 0.82 0.18
DK 0.58 0.66 0.49 0.80 0.60
EE 0.51

ES 0.52 0.73 0.86 0.85 0.84 0.54
FI 0.81 0.85 0.54 0.58

FR 0.81 0.73 0.60 0.78 0.71 0.95
GB 0.42 0.63 0.63 0.54 0.94

GR 0.90 0.87 1.04 0.92 0.92 0.90
HU 0.81 0.74 0.52 0.52

IE 0.58 0.38 1.14 0.68 0.72
IT 0.61 0.63 0.73 0.48 1.06 0.85
LT 0.68 0.94 049 -0.14 1.98

LU 0.65 0.70 0.65 0.87 044 0.26 0.67
LV

MT

NL 0.61 0.68 0.73 0.61 0.17 049
PL 0.77

PT 1.12 0.40 1.07 1.59 0.92
SE 0.52 0.40 0.69 1.25

SI 0.92 0.93 0.75

SK 1.09 0.99
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Table A.35: USP to DSP Transmission - Upstrcam Price Elasticity (Conventional LR
Estimates)

DIESEL ULP GASOIL LPG RFO.I RFO.2 LP

AT 049 0.38 0.67 0.73

BE 0.59 0.53 0.82 041 0.67 0.54
CZ 0.69

DE 0.65 0.56 0.76 0.67 0.54
DK 0.60 0.51 0.67 0.81 0.35
ES 0.69 0.55 0.76 0.65 0.62 0.64
FI 0.56 0.54 0.71 0.83

FR 0.74 0.64 0.67 031 0.71 0.73 0.75
GB 0.66 0.57 0.76 0.87 0.65

GR 0.88 0.65 0.96 0.73 0.74 0.71
HU 0.89

IE 0.45 0.45 0.96 0.79 0.35
IT 0.70 0.56 0.70 0.75 0.61 043
LT 0.96 0.71

LU 0.68 0.58 0.70 0.39 0.50 0.56 0.36
NL 0.62 0.56 0.73 035 0.60 0.55
PL 0.92 0.90

PT 0.62 0.53 0.65 0.67 0.51
SE 0.43 0.48 0.66 0.85

Table A.36: USP to DSP Transmission - Foreign Exchange Elasticity (Conventional LR
Estimates)

DIESEL ULP GASOIL LPG RFO.I RFO2 LP

AT 024 0.24 0.30 0.60

BE 0.50 0.56 0.711 0.41 0.83 0.87
CZ 1.25

DE 049 0.53 0.61 0.84 0.28
DK 061 0.59 0.40 0.83 0.56
ES 067 0.53 0.75 0.87 0.74 0.60
FI 0.80 0.82 0.44 0.61

FR 066 0.82 050 —-0.06 080 0.79 1.01
GB 0.55 0.30 0.48 248  0.83

GR 0.82 0.92 0.92 0.96 097 0.96
HU 1.25

IE 0.33 0.58 0.99 0.80 0.86
IT 0.56 0.61 0.61 056  0.99 1.00
LT 0.21 0.35

LU 065 0.66 0.56 0.25 0.90 0.26 0.77
NL 0.64 0.63 064 0.17 0.62 0.56
PL 0.56 1.44

PT 035 1.14 111 147 1.02
SE 0.35 0.52 0.59 1.31
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Table A.37: USP to DSP Transmission - Upstream Price Elasticity (ECM LR Estimates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0.55 0.42 0.74 0.85

BE 0.63 0.54 0.88 0.56 0.73 0.58
CZ 0.88

DE 0.69 0.56 0.80 0.70 0.70
DK 0.64 0.52 0.73 0.84 0.61
ES 0.75 0.57 0.82 0.67 0.65 0.67
FI 0.61 0.55 0.76 0.94

FR 0.79 0.65 0.74 0.42 0.76 0.77 0.79
GB 0.72 0.61 0.83 1.21 0.73

GR 094 0.65 0.99 0.76 0.75 0.70
HU 1.22

1IE 0.51 048 1.05 0.88 0.43
T 0.77 0.57 0.79 0.79 0.63 0.43
LT 1.06 0.75

LU 0.72 0.59 0.74 0.55 0.51 0.66 0.44
NL 0.65 0.55 0.77 0.50 0.64 0.51
PL 0.99 1.19

50 0.74 0.63 0.76 0.82 0.85
SE 0.47 0.47 0.71 0.92

Table A.38: USP to DSP Transmission - Foreign Exchange Elasticity (ECM LR estimates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 020 0.22 0.26 0.68

BE 0.43 0.55 0.66 0.61 0.82 0.84
CZ 0.73

DE 0.47 0.50 0.57 0.86 0.45
DK 0.56 0.60 0.32 0.83 0.76
ES 064 0.53 0.72 0.88 0.72 0.59
FI 0.78 0.84 0.41 0.70

FR 062 0.79 0.43 0.06 0.84 0.84 0.97
GB 0.50 0.24 0.45 3.19 0.93

GR 0.77 0.90 0.91 0.98 0.97 0.94
HU 0.33

IE 0.35 0.60 1.01 0.86 1.01
IT 0.46 0.58 0.54 0.58 1.05 097
LT 0.05 0.26

LU 0.59 0.64 0.53 0.46 1.04 0.40 0.84
NL 0.58 0.59 0.60 0.39 0.63 0.48
PL 0.71 1.63

BT 035 1.05 1.20 1.40 1.38
SE 042 0.49 0.52 1.28
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Table A.39: MSP to DSP Transmission - Upstream Pricc Elasticity (Conventional LR
Estimates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 047 041 0.68 0.90

BE 0.56 0.57 0.83 049 0.85 0.67 0.60
(6)'¢ 0.69 0.56 0.61

CZ 0.64

DE 0.61 0.59 0.78 0.84 0.58
DK 0.58 0.54 0.69 0.99 0.48
EE 0.77

ES 0.65 0.58 0.78 0.80 0.64 0.69
Fl 0.53 0.57 0.72 1.00

FR 0.71 0.67 0.69 0.89 0.87 0.82
GB 063 0.61 0.79 0.90 0.69

GR 0.83 0.70 0.96 0.89 0.87 0.79
HU 0.63 0.50 0.60 0.75

IE 042 0.46 0.97 0.90 0.40
IT 0.66 0.59 0.71 0.92 0.64 0.49
LT 0.72 0.56 0.91 0.57 0.83

LU 0.64 0.62 0.72 048 0.66 0.57 0.46
NL 0.58 0.60 0.74 043 0.74 0.56
PL : 0.92

PE 0.58 0.55 0.80 0.67 0.50
SE 0.40 0.51 0.66 1.02

SI 0.82 0.63 0.76

SK 0.65 0.47
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Table A.40: MSP to DSP Transmission - Forcign Exchange Elasticity (Conventional LR
Estimatcs)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 028 0.23 0.39 0.58

BE 0.55 0.54 0.82 040 0.82 0.19 0.81
CY 0.92 0.13 0.87

CzZ 1.11

DE 0.55 0.52 0.72 0.82 0.18
DK 0.66 0.58 0.49 0.80 0.60
EE 0.51

ES 0.73 0.52 0.86 0.85 0.84 0.54
FI 085 0.81 0.54 0.58

FR 0.73 0.81 0.60 0.78 0.71 0.95
GB 0.63 0.42 0.63 0.54 0.94

GR 0.87 0.90 1.04 0.92 0.92 0.90
HU 0.74 0.81 0.52 0.52

IE 0.38 0.58 1.14 0.68 0.72
IT 0.63 0.61 0.73 0.48 1.06 0.85
LT 0.94 0.68 0.49 -0.14 1.98

LU . 0.70 0.65 0.65 0.26 0.87 0.44 0.67
NL 0.68 0.61 0.73 0.17 0.61 0.49
PL 0.77

PT 0.40 1.12 1.07 1.59 0.92
SE 0.40 0.52 0.69 1.25

SI 093 0.92 0.75

SK 0.99 1.09
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Table A.41: MSP to DSP Transmission - Upstrcam Price Elasticity (ECM LR Estimates)

DIESEL ULP GASOIL LPG RFO.I RFO.2 LP

AT 0.51 049 0.74 1.00

BE 0.59 0.57 0.86 0.51 0.87 0.91 0.66
CY 0.64 0.64 0.58

CzZ 0.76

DE 0.63 0.60 0.80 0.86 0.62
DK 0.60 0.55 0.73 1.00 0.51
EE 0.98

ES 0.68 0.61 0.82 0.81 0.68 0.76
Fl 0.56 0.58 0.75 1.12

FR 0.73 0.70 0.73 0.90 0.91 0.89
GB 0.68 0.69 0.83 1.01 0.81

GR 0.86 0.69 0.95 0.91 0.92 0.77
HU 0.70 0.60 0.67 0.87

IE 048 0.51 1.03 1.05 0.50
IT 0.70 0.61 0.80 0.95 0.68 0.54
LT 0.79 0.62 0.99 0.59 0.99

LU 0.66 0.63 0.73 0.51 0.67 0.72 0.52
NL 0.59 0.60 0.77 047 0.78 0.58
PL 0.95

PT 0.69 0.67 0.91 0.85 0.92
SE 043 0.51 0.69 1.10

SI 0.87 0.77 0.82

SK 0.78 0.61
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Table A.42: MSP to DSP Transmission - Forcign Exchange Elasticity (ECM LR Esti-
mates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0.27 0.24 0.43 0.62

BE 0.51 0.54 0.81 0.40 0.81 064 0.77
CY 1.24 0.6 1.57

CZ 0.79

DE 0.53 0.50 0.70 0.83 0.27
DK 0.59 0.61 0.42 0.81 0.59
EE 0.04

ES 0.74 0.52 0.86 0.82 0.80 0.56
FI 0.86 0.83 0.53 0.66

FR 0.71 0.78 0.57 0.79 0.72 0.90
GB 0.61 0.50 0.62 0.52 0.82

GR 0.83 0.89 1.06 0.93 0.90 0.90
HU 0.74 0.70 0.45 0.02

1IE 0.40 0.59 1.18 0.72 0.80
IT 0.53 0.59 0.67 0.49 1.05 0.76
LT 096 0.89 0.32 -0.21 1.29

LU 0.67 0.64 0.64 0.29 0.94 0.66 0.68
NL 064 0.54 071 0.23 0.61 0.53
PL 0.75

PT 041 1.04 115 1.51 1.36
SE 049 0.51 0.65 1.15

SI 099 0.65 0.93

SK 1.24 1.06

Table A.43: USP to MSP Transmission

OLS ECM
ULP 094 0.93
DIESEL 1.06 1.08
GASOIL 0.98 1.00
RFO.1 0.79 0.82
RFO.2 0.83 0.80
LPG 0.83 0.83
LP 0.89 0.89
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Table A.44: USP to DSP Transmission - Tests of Unit USP Elasticity (Conventional LR
Estimates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0 0 0.00 0.00

BE 0 0 0.00 0 0.00 0
CzZ 0.00

DE 0 0 0.00 0.00 0
DK 0 0 0.00 0.00 0
ES 0 0 0.00 0.00 0.00 O
Fl 0 0 0.00 0.00

FR 0 0 0.00 0 0.00 000 O
GB 0 0 0.00 0.00 0.00

GR 0 0 0.00 0.00 000 O
HU 0.11

IE 0 0 0.00 000 O
IT 0 0 0.00 0.00 000 O
LT 0.33 0.00

LU 0 0 0.00 0 0.00 000 O
NL 0 0 0.00 0 0.00 0
PL 0.02 0.19

PT 0 0 0.00 000 O
SE 0 0 0.00 0.00
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Table A.45: USP to DSP Transmission - Tests of Unit FEX Elasticity (Conventional LR
Estimates)

DIESEL ULP HGASOIL LPG RFO.1I RFO.2 LP

AT 0 0 0.00 0.00

BE 0 0 0.00 0 0.00 0.00
CZ 0.22

DE 0 0 0.00 0.00 0.00
DK 0 0 0.00 0.00 0.00
ES 0 0 0.00 0.00 0.00 0.00
FI 0 0 0.00 0.00

FR 0 0 0.00 0 0.00 0.00 0.52
GB 0 0 0.00 0.00 0.08

GR 0 0 0.00 0.13 0.33 0.08
HU 0.35

IE 0 0 0.83 0.00 0.00
IT 0 0 0.00 0.00 0.88 0.94
LT 0.00 0.12

LU 0 0 0.00 0 0.00 0.00 0.00
NL 0 0 0.00 0 0.00 0.00
PL 0.00 0.03

PE 0 0 0.00 0.00 0.82
SE 0 0 0.00 0.00

Table A.46: USP to DSP Transmission - Tests of Unit USP Elasticity (ECM LR Esti-
mates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0.00 0 0.00 0.03

BE 0.00 0 0.01 0.01 0.00 0.00
CzZ 0.11

DE 0.00 0 0.00 0.00 0.00
DK 0.00 0 0.00 0.00 0.08
ES 0.00 0 0.00 0.00 0.00 0.00
Fl 0.00 0 0.00 0.37

FR 0.00 0 0.00 0.00 0.00 0.00 0.00
GB 0.00 0 0.00 0.12 0.08

GR 0.21 0 0.84 0.00 0.00 0.00
HU 0.10

IE 0.00 0 0.35 0.15 0.00
114 & 0.00 0 0.01 0.00 0.00 0.00
LT 0.27 0.05

LU 0.00 0 0.00 0.01 0.00 0.00 0.00
NL 0.00 0 0.00 0.01 0.00 0.00
PL 0.86 0.04

PT 0.00 0 0.00 0.06 0.46
SE 0.00 0 0.00 0.02
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Table A.47: USP to DSP Transmission - Tests of Unit FEX Elasticity (ECM LR Esti-
mates)

DIESEL ULP GASOIL LPG RFO.I RFO.2 LP

AT 0.00 0.00 0.00 0.04

BE 0.00 0.00 0.00 0.08 0.18 0.11
CZ 0.18

DE 0.00 0.00 0.00 0.33 0.00
DK 0.00 0.00 0.00 0.08 0.21
ES 0.00 0.00 0.00 0.30 0.00 0.00
FI 0.02 0.04 0.00 0.12

FR 0.00 0.01 0.00 0.00 0.25 0.26 0.74
GB 0.04 0.01 0.00 0.01 0.90

GR 0.04 0.35 0.45 0.86 0.80 0.64
HU 0.17

IE 0.00 0.00 0.96 0.54 0.96
IT 0.00 0.00 0.01 0.01 0.72 0.83
LT 0.00 0.18

LU 0.00 0.00 0.00 0.05 0.82 0.00 0.14
NL 0.00 0.00 0.00 0.02 0.00 0.00
PL 0.10 0.02

PT 0.00 0.75 0.11 0.02 0.28
SE 0.02 0.00 0.00 0.01
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Table A.48: MSP to DSP Transmission - Tests of Unit MSP Elasticity (Conventional LR
Estimates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0 0 0.00 0.00

BE 0 0 0.00 0 0.00 0 0
CY 0 0 0.00

CZ 0.00

DE 0 0 0.00 0.00 0
DK 0 0 0.00 0.19 0
EE 0

ES 0 0 0.00 0.00 0 0
FI 0 0 0.00 0.81

FR 0 0 0.00 0.00 0 0
GB 0 0 0.00 0.00 0

GR 0 0 0.00 0.00 0 O
HU 0 0 0.00 0.00

IE 0 0 0.02 0 O
4 & 0 0 0.00 0.00 0 0
LT 0 0 0.00 0.00 0

LU 0 0 0.00 0 0.00 0 O
NL 0 0 0.00 0 0.00 0
PL 0.00

PT 0 0 0.00 0 0
SE 0 0 0.00 0.34

S1 0 0 0.00

SK 0 0
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Table A.49: MSP to DSP Transmission - Tests of Unit FEX Elasticity (Conventional LR
Estimates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0.00 0.00 0.00 0.00

BE 0.00 0.00 0.00 0 0.00 0.00 0.00
CY 0.67 0.00 0.50

CZ 0.59

DE 0.00 0.00 0.00 0.00 0.00
DK 0.00 0.00 0.00 0.00 0.00
EE 0.04

ES 0.00 0.00 0.00 0.00 0.00 0.00
Fl 0.00 0.00 0.00 0.00

FR 0.00 0.00 0.00 0.00 0.00 0.02
GB 0.00 0.00 0.00 0.00 0.48

GR 0.00 0.00 0.09 0.00 0.00 0.00
HU 0.02 0.08 0.00 0.02

IE 0.00 0.00 0.00 0.00 0.00
IT 0.00 0.00 0.00 0.00 0.04 0.00
LT 0.72 0.05 0.00 0.01 0.00

LU 0.00 0.00 0.00 0 0.00 0.00 0.00
NL 0.00 0.00 0.00 0 0.00 0.00
PL 0.00

PT 0.00 0.00 0.04 0.00 0.39
SE 0.00 0.00 0.00 0.00

SI 0.72 0.74 0.21

SK 0.96 0.47
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Table A.50;: MSP to DSP Transmission - Tests of Unit MSP Elasticity (ECM LR Esti-
mates)

DIESEL, ULP GASOIL LPG RFO.I RFO2 LP

AT 0.00 0.01 0.01 0.97

BE 0.00 0.00 0.00 0 0.00 0.37 0.00
CY 0.00 0.00 0.00

CZ 0.00

DE 0.00 0.00 0.00 0.00 0.05
DK 0.01 0.00 0.00 0.92 0.00
EE 0.78

ES 0.00 0.00 0.00 0.00 0.00 0.00
FI 0.00 0.00 0.00 0.19

FR 0.00 0.00 0.00 0.00 0.00 0.04
GB 0.00 0.00 0.00 0.90 0.01

GR 0.03 0.01 0.34 0.11 0.17 0.03
HU 0.00 0.00 0.00 0.01

IE 0.00 0.00 0.66 0.49 0.00
IT 0.00 0.00 0.04 0.31 0.00 0.00
LT 0.00 0.00 0.70 0.00 0.89

LU 0.00 0.00 0.00 0 0.00 0.00 0.00
NL 0.00 0.00 0.00 0 0.00 0.00
PL 0.01

PT 0.00 0.00 0.19 0.05 0.63
SE 0.00 0.00 0.00 0.18

SI 0.04 0.00 0.00

SK 0.00 0.00
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Table A.51: MSP to DSP Transmission - Tests of Unit FEX Elasticity (ECM LR Esti-
mates)

DIESEL ULP GASOIL LPG RFO.1 RFO.2 LP

AT 0.00 0.01 0.01 0.00

BE 0.00 0.00 0.00 0 0.00 0.16 0.06
CY 0.18 0.01 0.01

CZ 0.00

DE 0.00 0.00 0.00 0.00 0.06
DK 0.01 0.00 0.00 0.08 0.00
EE 0.01

ES 0.01 0.00 0.08 0.05 0.00 0.00
Fl 0.07 0.01 0.00 0.17

FR 0.00 0.00 0.00 0.00 0.00 0.34
GB 0.20 0.08 0.00 0.00 0.43

GR 0.15 0.33 0.64 0.53 0.33 0.59
HU 0.00 0.00 0.00 0.00

IE 0.00 0.00 0.44 0.13 0.14
IT 0.00 0.00 0.06 0.01 0.63 0.06
LT 0.86 0.39 0.00 0.03 0.52

LU 0.00 0.00 0.00 0 0.53 0.00 0.01
NL 0.00 0.00 0.00 0 0.00 0.00
PL 0.00

PT 0.00 0.81 0.27 0.00 0.18
SE 0.03 0.00 0.00 0.42

SI 096 0.15 0.53

SK 0.03 0.62
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Table A.52: USP to MSP Transmission - Tests of Unit USP Elasticity

OLS ECM
ULP 0.0000 0.0264
DIESEL 0.0000 0.0006
GASOIL 0.0029 0.9575
RFO.1  0.0000 0.0040
RFO.2  0.0000 0.0004
LPG 0.0000 0.0152
LP 0.0000 0.0022

Table A.53: USP to MSP Transmission - Upstream Price Adjustment

Periods
ULP 0.73/4.58
DIESEL 0.89/2.8
GASOIL 0.81/6.67
RFO.1 1.04/4.84
RFO.2 0.75/2.67
LPG 2.2/5.81
LP 0.79/4.65

Notes: Entries denote numbers of weeks necessary for 50% and 90% of dise-
quilibrium to be eliminated.
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Table A.60: USP to MSP Transmission - Non-Linear Cointegration Tests (KSS tyec)

Products

DIESEL -7.53***
ULP -4 57***
GASOIL -6.23%**
LPG -7.26%%*
RFO.1 -3.62*%*
RFO.2 -4 45%%*
LP -3.98%*

Table A.61: USP to MSP Transmission - Non-Linear Cointegration Tests (KSS tnxeg)

Products

DIESEL -3.98**
ULP -4 48¥**
GASOIL -5.72%**
LPG -4.14%*
RFO.1 -3.19
RFO.2 -3.28
LP -3.27

Table A.62: USP to MSP Transmission - Non-Linear Cointegration Tests (KSS Fygc)

" Products
DIESEL 28.92***
ULP 18.88***
GASOIL 22,1%**
LPG 29.02%%*

RFO.1 9.92
RFO.2 13.97*
LP 15.06**
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Table A.63: USP to MSP Transmission - Non-Linear Cointegration Tests (KSS F*dygc)

Products

DIESEL 19.61%**
ULP 12.57
GASOIL 14.74*
LPG 10.33%*%*

RFO.1 6.6
RFO.2 9.36
LP 10.07
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Table A.71: STAR DF ECM Estimation (Brent) - Results

Transition Product ¢ c <1/2 LT P i [T '3
Country Transition d cth sd(1iy) 1«} 1 q’:}! 1}?! ! da!r \b{
USP—DSP ULP 15.004 0.027 0.704 | -0.335%** .0.172%**
BE LSTAR 2 0.205 0.064 | -0.204*** 0.004
Usp—DSP ULP 3.212 -0.01 0.312 -0.427
CY ESTAR 1 -0.051 0.065 -0,23%**
UspP=DSP ULP 9.401*** -0.029 0.079 0.493* 0.129
GB ESTAR 1 -0.091 0.1 -0.001%** 0.07
UsSP—DSP ULP 3.148 0.036 0.186 -0.116 0.061
GR ESTAR 1 0.18 0.079 -0.124%** -0.1734%*
UsP—DSP ULP 2.498+ 0.011 0.293 -0.169
IT ESTAR 1 0.094 0.057 -0,151%%*
Usp—DSP ULP 4.552 -0.061 0.096 -0.022 -0.343
LU ESTAR 1 -0.32 0.069 -0.193***  .0.044
USP—DSP ULP 1.512*** .0.026 0.477 -0.13* -0.041 -0.211**
PT ESTAR 2 -0.068 0.128 -0.08*** 0.146** 0.206%**
USP—DSP ULP 1.312%**  0.008 0.39 0.819* -0.116 0.661%*
SI ESTAR 1 0.084 0.073 -0.542%%*% () 53%** 0.176
USP—DSP DIESEL 1.525 0.053 0.306 -0.066 -0.092 0.101
BE ESTAR 3 0.287 0.071 | -0.183*** .0.306%%* -0.187%*+*
USP—DSP DIESEL 5.891% -0.013 0.112 | -0.053 -0.495 -0.191 0.084
DK ESTAR ] -0.077 0.068 -0.137***  .0.208*** .0.088* -0.107**
USP—DSP DIESEL 4.276** -0.001 0.184 -3.244 3.307 -0.238
EE ESTAR 2 -0.023 0.081 -0.268%**  (,338%** 0.261**
USP—DSP DIESEL 1.523*** 0.025 0.329 -0.031 0.14 0.055
ES ESTAR 2 0.17 0.077 -0.136%*%*  _0.25]1%** 0.077
USP-+DSP DIESEL 5.823*** .0.004 0.099 2.756** -0.169
F1 ESTAR 1 0.032 0.075 ~0.156%%*  .0.,101%*
USP—DSP DIESEL 8.075 -0.042 0.204 -0.184%** -0.008
FR LSTAR 1 -0.206 0.074 =0.143%** 0.084*
UsSP—DSP DIESEL 50 0.013 0.589 -0.148%**  0.009 -0.121%* -0.016
GR LSTAR 2 0.089 0.091 =0.11%** -0.27T1***  .0.159** =(,133**
UsSP—DSP DIESEL 3.523 0.007 0.208 -0.079 0.203 0.359 0.171
IE ESTAR 2 0.052 0.094 -0.093*** 0.044 0.002 0.053
USP—DSP DIESEL 2.049% 0.006 0.32 0.367%** -0.233%** .0.175* 0.005
LU ESTAR 1 0.085 0.07 | -0.199%** .0.021 -0.025 -0.099*
USP—DSP DIESEL 4.376*** .0.036 0.112 | 0.246 -0.469%**  .0.196
NL ESTAR 3 -0.183  0.064 -0.148%**  .0,109** -0.056
USP—DSP DIESEL  3.223** 0013 0191 | -0.271 0.743**  0.007
PT ESTAR 2 0.074 0.11 -0.079*** 0.003 0.089*
USP—DSP DIESEL 5+ 0075 0.274 -0.06** =0.255%* «0.009 -0.035
SE LSTAR 2 -0.226 0.112 -0.086*** .0.067 -0.146%**  .0.154%%*
USP—DSP GASOIL 2.016* 0.045 0.312 0.125
cY ESTAR 1 0195 0.066 | -0.309%**
USP—DSP GASOIL 1.716* -0.074 0.246 =0.144** -0.278%*
DE ESTAR 2 -0.365 0.07 | -0.146*** .0,114**
USP—DSP GASOIL 1.03+ 0.012 0.504 -0.126%**  .0.304*** -0.091 0.147+
DK LSTAR 2 0.093 0.083 -0.064% -0.202** -0.07 -0.318+
USP—DSP GASOIL 2.002+ 0.023 0.666 -0.168*** .0.121%
ES LSTAR 1 0.167 0.082 -0.146***  .0.006%
USP—DSP GASOIL 3.271 0.003 0.205 -0.499 0.018 -0.072 0.008
F1 ESTAR 1 0.032 0.079 -0.129***  .0.231*** .0.083 -0.095*
USP—DSP CGASOIL  1.429 0.02  0.637 | -0.074**  -0.307*** -0.11
FR LSTAR 1 0.137 0.072 -0.128%** (.123 0.023
USP—DSP GASOIL 5.514 0.057 0.773 -0.074%**  .0,157%%*
IT LSTAR 1 0.273 0.084 | -0.087*** 0.139
USP—DSP GASOIL  2.86** 0024 0207 | -0.026 -0.394***  .0.225**  0.039
LU ESTAR 1 0.167 0.066 | -0.208*** -0.064 -0.047 -0.137%*+
USP—DSP GASOIL 1.562*** -0.004 0.425 0.156 =0.425***  .0.107
NL ESTAR 1 0.05 0.071 -0.184*** 0,067 -0.035
USP—DSP GASOIL 4.479%* -0.016 0.154 0.219 0.165
SE ESTAR 2 -0.052 0.08 =0.136%** =0.145%**
USP—DSP RFO.1 6+ -0.078 0.081 | -0.044
AT ESTAR 1 -0.23 0116 | -0.09%**
USP—DSP RFO.1 1468** 003 0.415 | -0.043 0.133
DE ESTAR 1 -0.084 0.1 -0,093***  -0.278%**
USP—DSP RFO.1 2.407***  .0.195 0.077 | 0.071 0.153 -0.13 -0.016
F1 ESTAR 1 -0.421 0.135 =0.123%**%  .0.248***  .0,125** -0.147%%*
USP—DSP RFO.1 50 0.094 0.753 | -0.805%**
LT LSTAR 1 0.258 0.143 -0.701%%*
USP—DSP RFO.1 3.599%** 0,027 0.194 -0.291 -0.104
NL ESTAR 1 0.127 0.092 -0.124%%+ 0.103**
USP—DSP RFO.1 5.484 0.074 0.098 0.056 -0.034
PT ESTAR 1 0212 0.124 | -0.07*** 0.07
USP—=DSP RFO.1 3.999 0006 0176 | -0.209 -0.027 -0.248

Continued on next page
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Table A.71 — continued from previous page

Transition Product [4 ¢ <1/2 -yi‘ Yr qb;' vr Y
Country Transition d cth sd(1;) ~H !{)3" Pil il 'J)if

SE ESTAR 1 0.016 0.112 | -0.185%*F .0.139%** 01317 %

USP—DSP RFO.2 gt 0.01 0.616 | -0.207**

BE LSTAR 1 0.117  0.057 | -0.301%**

USP-DSP LPG 13.04*** .0.007 0.066 | 2.365* 0.554* 0.498 0.56

NL ESTAR 1 0.022 0.073 | -0.105*** 0.191%**  .0.13** 0.088

USP—DSP LP 11.999 0.037 0.071 | -0.443* -0.324 0.039

BE ESTAR 1 0.241  0.073 | -0.155%** .0.119%* -0.096%*

USP—DSP LP 4.596 0.05 0.862 | -0.58*** 0.134

DE LSTAR 1 0.368  0.047 | -0.231** 0.076

USP—DSP LP 50 -0.091 017 -0.207***  -0.286*** -0.054 -0.193*

GR LSTAR 2 -0.331 0.089 | -0.066*** -0.034 -0.126***  -0.041

USP—DSP LP 2.854*** .0.036 0.31 -0.337* 0.613*** -0.134

PT ESTAR 1 -0.155 0.162 | -0.093*** 0.123** 0.321%+*

MSP—DSP ULP 6.497 0.026  0.09 -0.005 0.009 -0.119

BE ESTAR 1 0.208 0.05 -0.308%**  .0.245%%*  .0,155%**

MSP—DSP ULP 2.868+ -0.04 0.203 | -0.25 -0.435***  .0.101 -0.032 0.126*

DE ESTAR 3 -0.276  0.06 -0.229%**  .0.311%*% -0.271%** .0.134%*  -0.151***

MSP—DSP ULP 5.416* -0.003 0,105 | 0.644 -0.675 -0,106

ES ESTAR 2 -0.004 0.05 -0.206***  -0,142***  -0,129%**

MSP—DSP ULP 45 0.027 0.625 | -0.22*** 0.102*

FI LSTAR 1 0.125 0.075 | -0.254*** 0.063

MSP—DSP ULP 11.001t  0.017 0.632 | -0.202*** -0.065 -0.053

FR LSTAR 3 0.131  0.055 | -0.288*** _0.104* -0.22%%*

MSP—DSP ULP 4.981**  0.017 0.127 | 0.031 0.203 0.088 0.038

LU ESTAR 1 0.145 0.047 | -0.32***  -0.179%** .0.17T4*** -0.091*

MSP—DSP ULP 2.495*** (0.006 0.265 | -0.002 -0.223*

PT ESTAR 1 0.051 0.131 | -0.081*** 0.205%**

MSP—DSP DIESEL 2.022+ -0.024 0.268 | 0.124 -0.568+ -0.551+ -0.336% -0.193**

BE ESTAR 1 -0.201 0.056 | -0.243*** .0.323*** .0.156*** .0.007 -0.007%

MSP—DSP DIESEL 1.376*** 0.039 0.341 | -0.101 -0.542%**  -0.178*

FI ESTAR 1 0.248  0.064 | -0.189*** .0.025 -0.078

MSP—DSP DIESEL 7.004 -0.02 0.363 | -0.308*** .0,126 -0.001

FR LSTAR 3 -0.138  0.05 -0.244***  .0.123 -0.153*

MSP—DSP DIESEL  32.359 -0.035 0.345 | -0.178*** 0.011 -0.353**%*  .0.051

GR LSTAR 4 -0,155 0,072 | -0.174***  -0.273*** -0,157*** -0.054

MSP—DSP DIESEL 10.788** 0 0.112 | -1.747 -0.059 -0.202

IE ESTAR 1 0.003 0.093 | -0.108*** 0.104** 0.166%**

MSP—DSP DIESEL  6.412 0.041 0.808 | -0.388%** _0.043 -0.04 -0.052

LU LSTAR 2 0.307 0.053 | -0.12* -0.241%%  -0.317***  .0.076

MSP—-DSP DIESEL 7.02 -0.013  0.405 | -0.234*** .0.412*** .0.199** .0.13 -0.014

NL LSTAR 3 -0.096 0.044 | -0.08* -0.392%*%  _0.343%** 0,082 -0.172%%*

MSP—DSP DIESEL 7.001+ 0.026 0.095 | 0.222+

PT ESTAR 1 0127 0104 | -0.073***

MSP—DSP DIESEL 1.965% -0.012 0458 | -0.057**  -0.259*** -0.064% 0.092%**

SE LSTAR 2 -0.043 0.114 | -0.08***  .0.09 -0.152+ -0.258%**

MSP—DSP DIESEL 13.787 -0.046 0.273 | -0.382**  0.272 0.884%%*

SI LSTAR 2 -0.231 0.066 | -0.581*** 0.363*** 0.075

MSP—DSP GASOIL  4.009t  -0.037 0.153 | -0.43***  _001 0.012 -0.025

BE ESTAR 1 -0.283 0.054 | -0.226*** .0.409*** .0.284**%  .0.134***

MSP—DSP GASOIL  3.096*** 0025 0.176 | -0.516*** 0.159 0.158 -0.317*%*  .0.147

DE ESTAR 2 0.258  0.042 | -0.196*** .0.468*** -0.324*** .0.107* -0.127***

MSP—DSP GASOIL  2.713*** .0,022 0.258 | 0.081 -0.844***  .0.73***  .0.631**  0.014

DK ESTAR 4 -0.062 0.064 | -0.09***  .0,36***  .0,148**  -0.053 -0.12%*

MSP—DSP GASOIL  4.746*** 0.036 0.107 | -0.541**  0.044 0.269 -0.098 -0.083

ES ESTAR 2 0.259 0.065 | -0.159*** .0.078 -0.206***  -0.069 -0.06

MSP—DSP GASOIL  3.933*** 0.026 0.171 | -0.068 -0.399* 0.216

FI ESTAR 1 0.201  0.057 | -0.252*** .0.161*** -0.111**

MSP—DSP GASOIL 6 0.005 0.554 | -0.158*** .0.32%**  .0.091 -0.023 -0.041

FR LSTAR 3 0.054 0.05 -0.124%%*  _0.187%%* _0.16%* -0.133* -0.13%*

MSP—DSP GASOIL  32.447 -0.043 0.325 | -0.229%*** .0.098 -0.314***

GR LSTAR 2 -0.175 0.003 | -0.101*** .0,153*** -0.143***

MSP—DSP GASOIL  24.153 0.057 0.857 | -0.437*** -0.083

LT LSTAR 3 0.36 0.053 | -0.921*** -0.626*

MSP—DSP GASOIL 2.401 -0.02 0358 | -0.182*** -0.099

SE LSTAR 1 -0.141  0.07 -0.169%** -0.052

MSP—DSP RFO.1 15% 0.069 0.784 | -0.081*** -0.22%%%

AT LSTAR 3 0.285 0,096 | -0.220%** 0.091

MSP—DSP RFO.1 7.599+ -0.036  0.197 | -0.447*** .0.335%**

BE LSTAR 1 -0.304 0.043 | -0.615*** -0.038

MSP—DSP RFO.1 4,793% 0.026 0,694 | -0.207***  -0.201%*** .0.175%**

DE LSTAR 1 0.195 0,062 | -0.237*** 0.034 0.094

MSP—DSP RFO.1 8.998+ 0.034  0.598 | -0.103*** -0.176***

FI LSTAR 1 0.098 013 -0.118***  .0.263%**

MSP—DSP RFO.1 10.401*  -0.005 0.117 | 5.882 0.189

HU ESTAR 1 -0.003  0.082 | -0.708*** 0.152

MSP—DSP RFO.1 50 -0.012  0.452 | -0.087** -0.106 0

“Continued on next page
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Table A.71 — continued from previous page

Transition Product 3 ¢ <1/2 L YL v vy v
Country  Transition  d R A ot olt ol M
U ISTAR 1 0048 0,085 | 0144 08T 0.1%
MSP—DSP RFO.1 3.007** 0.08 0.091 0.026 -0.307*

NL ESTAR 1 0.386 0068 | -0.203*** -0.099%*

MSP—DSP RFO.1 3.55%* -0.009 0.174 -0.149 0.62

PT ESTAR 2 0005 0116 | -0096*** 0.022

MSP—DSP RFO.1 2021  -0.146 0152 |-0082  0.111

SE ESTAR 1 0378 0.132 | -0.148*** -0.164

MSP—DSP RFO.2  1493*  -0.063 026 | -0.312

BE ESTAR 1 045 0054 | -0.478%%*

MSP—DSP RFO.2  6542*** 0003 0119 | 2.108 -0.138

ES ESTAR 1 0058 0065 | -0.319%*% 0.121%*

MSP—DSP RFO2  0.095%** 0004 0537 | -0.04 0.19%**  _0.152%*  -0.03
GR ESTAR 2 0.026 0.088 -0.306*** 0.064 0.07 -0.098
MSP—DSP RFO.2  5075* 0018 0117 | 0.034 0302

IE ESTAR 2 0.036 0.143 -0.106*** 0.116***

MSP—DSP RFO.2 2992+  -0001 0294 | 0.627%** 0.07 20.065+

LU ESTAR 1 0033 0078 | -0.283%** 0.138*  0.212**
MSP—DSP LPG 50 0006 0468 |-0046  0.193 0.044

cz LSTAR 2 0028 0057 |-0111**  0.355%* 0.461%*
MSP—DSP LPG 5215 0.04  0.844 | -0.343%%% 0.43%**  0.482%ex

HU LSTAR 3 035 0042 | -0215** 0071 -0.001

MSP—DSP LPG 8919  -003 021 | -0141*** -0.104 0.179

IT LSTAR 2 0289 0045 | -0.064**  0.343%** 0.047
MSP—DSP LPG 16001  -0.028 0215 | -0.34%** -0.163

LU LSTAR 1 0285 0039 | -0.204%* 0.181%+*

MSP—DSP LPG 4115%* 0002 0183 |-1522  0.118 0.132

NL ESTAR 1 0013 0.042 | -0248%*% 0.176**  -0.236%**

MSP—DSP LP 12+ -0.001 0449 | -0107**  -0.243%%* _0.1g%es 0.209%**
BE LSTAR 1 -0.051 0.066 =0, 22%%% =0.409%** 0,179+ -0.018
MSP—DSP LP 7.791 -0.057 0.277 =0,13%** 0.085 0. 2g9%%* -0.069 0.02
GR LSTAR 1 0224 0089 | -0.069** -0.331%%* 0226 0044  -0.142%**
MSP—DSP LP 15274  -0.01 0393 | -0.15%** 0.056

IT LSTAR 3 0107 0044 | -0.168*** -0.175*

MSP—DSP LP 1.804** 0.001 0346 | 0.74*

LU ESTAR 1 0067 0.042 | -0.263%%*

MSP—DSP LP 2517  -0025 0317 |-0128 0257 0.317*
o ESTAR 1 0032 0171 | -0.088*** 0.107 0.368%++
USP—MSP DIESEL 6096  -0.008 0103 | -0.9 -0.449

ESTAR 1 § -0.017 0.075 -0.228*** _0,089*
USP—MSP LPG 5.44** 0066 0112 | -0131  -0.094 0.336**
ESTAR 2 0177 0179 | -0.094*** 0.298%** 0.06
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Table A.73: 1994 Average Prices

ULP DIESEL HGASOIL RFO.1 RFO.2 LPG LP
AT g
BE 91792  735.34 223.69 139.10 1020.47
CY
CZ
DE 958.03 700.04 272.30 140.24 1039.16
DK 83599  697.18 629.56 531.64 854.85
EE
ES 789.36  608.52 316.94 156.31 812.71
FI
FR 94897  695.26 367.37 171.36 167.59 1010.83
GB 78810  783.48 204.16 138.86 868.82
GR 777.15 55247 431.10 190.65 831.99
HU
IE 835.34  796.23 263.03 164.35 891.70
IT 976.88  766.75 761.31 172.61 1046.62
LT
LU 71638  599.29 238.72 143.15 812.28
LV
MT
NL 1031.28  723.48 347.62 205.03
PL
PT 90493 621.96 163.14
SE
SI
SK
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Table A.74: 1995 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 1086.18  868.14 422.46 201.43
BE 1040.21  818.49 236.42 157.54 1153.84
CYy
CZ
DE 1079.57  781.43 205.12 164.83 1178.08
DK 1032.79  821.34 701.18 599.24 1063.01
EE
ES 856.46  658.78 322.15 20453 182.84 904.99
FI 1111.03  808.82 324.45 256.19
FR 1124.68  770.23 399.64 194.19 190.34 1169.76
GB 849.54  854.40 218.10 164.52 941.37
GR 822.61  605.04 482.21 230.60 217.71 882.56
HU
IE 901.22  857.51 288.35 205.96 970.35
IT 1050.99  824.69 796.65 18445 191.25 1123.93
LT
LU 84201 679.32 258.71 169.10 171.87 951.50
LV
MT
NL 1175.72  818.89 388.47 239.75
PL
PT 1026.33  696.41 196.12 179.42
SE 1058.07  965.60 542.62 486.63
SI
SK
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Table A.75: 1996 Avcrage Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 1078.53  862.88 450.24 203.38
BE 1109.92 836.41 277.19 169.66 1204.04
CY
CZ
DE 1068.64  802.41 331.68 168.54 1165.87
DK 1089.69  827.36 735.40 59947
EE
ES 87842  T711.56 357.04 225.67 198.55 927.72
FI 1186.51  816.03 347.74 266.95
FR 116546  836.77 42792 206.67 200.75 1213.80
GB 87647  891.13 254.97 173.93 951.23
GR 854.06 650.54 533.35 251.62 228.40 916.09
HU
IE 945.75  925.77 344.80 211.12 1017.93
IT 116218  925.77 891.57 204.60 210.76 1223.96
LT
LU 83933  698.77 285.78 172.02 175.03 943.40
LV
MT
NL 1180.10 84941 441.36 252.45
PL
PT 1025.29  721.86 203.90 187.71
SE 1177565  968.96 629.14 541.79
SI
SK
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Table A.76: 1997 Avcrage Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 97320  774.60 357.24 17341
BE 1037.60  744.93 254.30 152.74 1122.54
CY
CZ
DE 96225  716.80 206.91 151.29
DK 987.61  770.89 671.85 541.20
EE
ES 793.01 638.22 332.64 201.25 177.99 823.54
FI 1066.16  732.71 340.92 238.50
FR 1059.79  762.49 396.35 179.39 175.41 1103.83
GB 1010.69 1019.81 254.78 171.46 1097.86
GR 784.67  590.13 485.56 227.74 209.27 838.85
HU
IE 015.87  879.62 310.89 198.09 1011.26
IT 107435  848.61 827.67 179.45 187.48 1127.55
LT
LU 75833  626.90 263.32 154.90 156.95 851.59
LV
MT
NL 1089.79  770.88 407.56 218.15
PL
PT 93141  658.80 201.04 186.80
SE 1083.32 875.71 577.12 498.50
SI
SK

346



Table A.77: 1998 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 90281  704.08 301.49 162.08
BE 964.88  669.61 198.37 121.48 1049.71
CY
CZ
DE 904.29  651.49 239.41 12835
DK 93409  699.44 630.01 528.19
EE
ES 74190 591.01 283.88 174.26 146.82 782.00
FI 1043.06 713.15 28343 210.60
FR 102228  715.18 335.22 146.31 141.80 1066.07
GB 1077.41 1088.58 204.52 151.67 1182.20
GR 699.07  510.56 380.95 189.97 173.56 749.61
HU
IE 836.96  787.16 258.19 172.01 976.85
IT 1014.60  792.48 776.97 150.13 165.62 1072.46
LT
LU 705.28  568.22 211.55 128.71 127.72 796.37
LV
MT
NL 1063.32  722.32 374.08 190.47
PL
PT 89385 618.34 17559 161.95
SE 1021.30  793.32 517.15 463.04
SI
SK
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Table A.78: 1999 Avecrage Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT  866.87 676.71 313.74 163.92
BE 939.90  670.87 213.05 135.88 1031.12
CY
CZ
DE 92116 675.63 275.82 141.86
DK 1002.69  729.42 629.15 559.53
EE
ES 74450  600.52 30340 193.24 165.99 78741
FI 1049.10 717.87 301.42 220.57
FR 101344  728.68 34497 164.25 151.95 1063.30
GB 1129.09 1148.05 217.13 175.14 1223.67
GR 691.61  556.74 373.35 208.08 198.68 743.69
HU
IE 801.32  T47.67 266.88 186.95 951.03
IT 101756  806.32 781.20 172.77 199.59 1064.73
LT
LU 733.71  575.34 224.14 14191 120.33 786.09
LV
MT
NL 1071.66  736.05 415.71 204.69
PL
PT 860.16  589.42 183.08 169.28
SE 1012.69  801.98 518.01 466.29
SI
SK
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Table A.79: 2000 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 87022  716.01 410.28 209.39
BE 964.70  726.06 316.71 196.58 360.16 1009.91
CY
CZ
DE 94153  740.01 373.32 195.54
DK 101643  780.84 690.99 587.94
EE
ES 755.83  638.82 388.27 261.64 216.85 377.08 806.12
FI 1046.51  773.10 386.84 279.44
FR 101096  779.81 425.61 232.05 213.67 480.30 1081.10
GB 1217.08 1238.32 316.50 223.27
GR 71752  617.54 458.78 272.11 243.52 758.05
HU
IE 818.77  757.59 412.43 243.95 951.33
IT 998.92  821.13 790.19 23242 24236 500.15 1040.51
LT
LU 76461  632.89 316.82 198.99 357.28
LV
MT
NL 1072.01  777.92 513.81 254.22 417.48 1143.48
PL
PT 80032  558.10 256.68 244.71 837.22
SE 1032.19  816.69 589.59 548.92
SI
SK
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Table A.80: 2001 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT  809.53  669.39 371.60 196.19
BE 90198  676.11 293.48 170.25 169.54 321.22 961.85
CY
CZ
DE 92045  738.77 341.60 171.24
DK 975.69  767.68 641.53 546.54
EE
ES 72258  620.61 350.25 230.80 187.63 375.96 773.68
FI 995.60  734.82 363.31 292.01
FR 92667 714.39 35391 203.28 186.53 455.89 1003.18
GB 1090.12 1123.28 281.74 206.52
GR 673.65 568.71 420.11 248.80 221.18 705.75
HU
IE 765.08  661.06 397.74 233.25 994.21
IT 942.01  777.23 733.92 198.57 218.41 483.83 994.09
LT
LU 71189  588.70 284.83 174.49 317.76
LV
MT
NL 102716 734.18 542.28 233.94 388.95 1100.79
PL ’
PT 81735  580.63 272.02 258.36 853.08
SE 90788  752.75 579.18 575.13
SI
SK
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Table A.81: 2002 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT  826.02  678.79 361.37 213.98
BE 92623  685.51 27348 186.06 195.65 327.32 990.72
CY
CZ
DE 99036  793.61 333.13 194.26
DK 1032.90  783.18 660.64 600.30
EE
ES 768.09 650.13 349.12 258.42 213.74 38236 823.40
FI 101931  741.28 344.10 328.48
FR 95868  728.85 344.43 226.67 211.54 469.35 1034.63
GB 110193 1134.78 269.23 264.28 231.03
GR 69592  586.10 441.82 248.66 230.31 741.22
HU
1IE 838.61  759.01 406.27 280.30
IT 98943  807.97 787.23 220.23 243.91 491.22
LT
LU 73098  597.51 277.78 190.59 329.93
LV
MT
NL 1078.59  743.46 547.61 247.83 405.86 1154.70
PL
PT 86884  637.88 203.48 279.25 43798 913.00
SE  950.55  781.25 627.90 598.03
SI
SK
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Tablc A.82: 2003 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT  993.74  820.83 444.64 268.65
BE 111549  818.59 336.56 234.02 214.82 397.22
CY
CZ
DE 123168  993.80 411.31 241.97
DK 123424  918.38 804.03 718.36
EE
ES 92043  782.95 436.76 312.74 226.97 491.55 998.70
FI 123512  906.96 438.52 398.38
FR 114722  895.23 439.54 27198 249.68 606.19 1237.42
GB 1241.13 1270.65 337.69 305.96
GR 833.08  718.22 5561.49 310.80 282.10 887.89
HU
1IE 082.73  906.37 510.53 33841
IT 119402  989.86 959.03 287.36 282.45 608.79
LT
LU 876.21  720.67 345.01 241.66 412.11
LV
MT
NL 130868  897.07 677.34 315.19 488.58 1399.06
PL
PT 108204 801.91 48793 326.46 281.10 531.00 1145.85
SE 1150.60  943.55 79243 781.60
SI
SK
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Table A.83: 2004 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 117497 1003.32 591.38 318.31
BE 1335.20 1020.57 44894 233.78 477.70
CY 98952  914.00 879.94 395.14
CZ 1080.46 1007.07 241.30 22428 549.97 1061.19
DE 1414.06 1168.40 512.88 243.17 645.93
DK 138298 1096.73 993.83 785.08
EE 890.55  850.52 48041 511.76
~ES 107863  936.21 537.99 317.89 576.69 1166.35
FI  1412.02 1042.18 547.60 431.17
FR 1317.28 1096.17 557.55 277.58 258.56 700.72 1417.93
GB 1469.74 1498.46 442,57 329.79
GR 987.65  890.09 680.39 323.90 293.32 1058.49
HU 124245 1143.46 114346 311.93 726.40
IE 1180.13 1092.45 628.03 378.63
IT 1397.29 1165.29 1127.50 316.86 669.09
LT 96893  896.82 458.08 290.59 214.17 479.35
LU 112221  865.60 449.32 236.11 484.56
LV 899.46  844.84 546.37 480.23 915.22
MT 1096.61  910.93 305.44 1184.01
NL 1552.07 1101.54 825.26 333.33 575.35 1651.92
PL 108296  929.15 513.98 259.21 229.01 516.35
PT 128241  976.31 602.50 332.42 621.16 1356.31
SE 134791 1122.01 1031.07 950.74
SI  1060.75  974.20 574.17 388.03 600.60
SK 1122.27 1092.09 436.29 280.58 273.15 578.65
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Table A.84: 2005 Average Prices

ULP DIESEL GASOIL RFO.1 RFO.2 LPG LP
AT 1284.42 1178.03 755.42  423.10
BE 1519.09 1233.00 627.86 336.25 535.89
CY 1068.01 1038.18 898.27 469.63
CZ 118394 1160.10 1129.59 287.14 245.15 592.13 1164.92
DE 1518.20 1323.35 679.28  330.18 663.39
DK 1505.66 1273.66 1189.91 919.75
EE 99040  998.06 617.16 557.62
ES 1186.32 1109.00 687.07 430.88 676.20 1291.35
FI 1512.24 1206.19 715.81 580.48
FR 144593 1272.83 723.44 385.53 360.85 798.71 1577.99
GB 1576.82 1650.37 601.17  468.05
GR 1091.42 1084.35 857.33 410.19 384.13 1167.20
HU 1306.30 1267.41 126741 410.64 749.14
IE 1302.59 1282.01 782.48 472.39
IT 151815 1377.53 1303.20 419.62 708.46
LT 1029.78 1023.16 593.66 369.88 279.47 523.03
LU 1272.68 1046.18 997.55  242.48 533.32
LV 1014.35 1002.29 690.17 535.03 1051.10
MT 1137.60 1091.47 506.23 1227.87
NL 1682.77 127226 1010.66 42242 631.51 1781.63
PL 123845 1142.21 678.35 360.22 309.02 575.85
PT 142249 1161.86 75844 429.19 684.86 1495.14
SE 147066 134294 1186.35 1069.04
SI 114445 1130.90 698.25 455.00 633.51
SK 1195.60 1209.18 635.15 305.09 297.40 639.75
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USP->DSP Tranumission for DIESEL In ES

USP->DSP Transmission for DIESEL in IE

USP->DSP Transmission for IESEL In EE
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MSP->DSP Transmission for RFO.1 in NL

MSP->DSP Transmisslon for RFO.2 in ES
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MEF->DSP Tranumission for RFO 1 In FI
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MSP->DSP Transmission for RFO.1 In PT
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USP->DSP Transmission for RFO.1 in PT

USP->DSP Transmisalon for SUPER In BE
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MSP->DSP Transmission for DIESEL In S1

MSP->DSP Transmission for HGASOIL in ES

MSP->DSP Transmission for DIESEL In SE
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Appendix B
Data - DSP Definitions

DSP include:

e ULP, Dicsel, LPG, LP - pump prices per 1,000 litres in the case of fuels for road
transport purposcs;

e gasoil - delivered consumer prices per 1,000 litres in the case of or paid prices for
deliveries of 2,000 to 5,000 litres - for off-takes of less than 2,000 litres the industrial
sector;

e RFOs - delivered consumer prices for off-takes of less than 2,000 tonnes per month
or less than 24,000 tonncs per year in the case of industrial fuels.

The prices net of duties and taxes are the prices most frequently charged, based on a
weighted average. For countries in which supermarkets cover over 20% of inland con-
sumption the prices charged by them will be taken into consideration.
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Appendix C
STAR E_stimation

The estimation was performed using the GNU R package (see Thaka & Gentleman (1996)
for details), with the help of constrained optimization algorithm by Byrd, Lu, Nocedal &
Zhu (1995). The parameter plane was spanned by:

e the AR paramcters from the lincar models (y%s, ¥7s, ¥"s and 9¥%s);
e the smoothing paramecter (;
e the threshold percentile c.

The smoothing parameter was cxpressed in terms of standard deviation of the disc-
quilibrium e. The threshold parameter was zeroed around 1/2 following the results of the
cointegration analysis. The following constraints were uscd:

e ( parameter - [.1; 50] of the standard deviation;
e the threshold percentile ¢ - +45%percentile;

¢ the AR parameters - £10 (those values were found to encompass all cases in the
estimation).

The optimization was performed over maximum 1000 iteration. The changes in this
number did not alfect the results. '
The following starting points were chosen:

o for the ESTAR model, ¢ was sct equal to the lowest value for which at least 25% of
obscrvations yield the transition function value lower than .5;

e for the LSTAR model, { was sct equal to 1;

e for the AR cstimates, the starting positions were taken from the lincar estimation
with lags set to optimize the AIC criterion.
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