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Asymmetric Error Correction Models for the Oil-Gasoline Price
Relationship

Summary

The existing literature on price asymmetries does not systematically investigate the
sensitivity of the empirical results to the choice of a particular econometric
specification. This paper fills this gap by providing a detailed comparison of the three
most popular models designed to describe asymmetric price behaviour, namely
asymmetric ECM, autoregressive threshold ECM and ECM with threshold
cointegration. Each model is estimated on a common monthly dataset for the gasoline
markets of France, Germany, Italy, Spain and UK over the period 1985-2003. All
models are able to capture the temporal delay in the reaction of retail prices to changes
in spot gasoline and crude oil prices, as well as some evidence of asymmetric behaviour.
However, the type of market and the number of countries which are characterized by
asymmetric oil-gasoline price relations vary across models. The asymmetric ECM
yields some evidence of asymmetry for all countries, mainly at the distribution stage.
The threshold ECM strongly rejects the null hypothesis of symmetric price behaviour,
particularly in the case of France and Germany. Finally, the ECM with threshold
cointegration finds long-run asymmetry for each country in the reaction of retail prices
to oil price changes.
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1. Introduction

The transmission of positive and negative changes in the price of oil to the price of
gasoline is very relevant for both consumers, who tend to be very sensitive to the money they
pay for the fuel consumed by their cars, and researchers, who are often requested to provide
plausible explanations of the observed temporal behaviour of the oil-gasoline price

relationship.

The notion that gasoline prices react quickly to oil price increases and slowly to oil price
reductions is largely accepted among consumers. The levels recently hit by oil and gasoline
prices and the present uncertainty in supply and reserve availability have contributed to
reinvigorate the interest in the asymmetric transmission of changes in the price of oil to the
price of gasoline. According to the latest Oil Market Report issued by the International
Energy Agency, oil prices strengthened for most of January 2005 and then slightly declined in
early February 2005. During the same period, gasoline prices recorded a rally. On Etiday, 4
March 2005 Brent has been quoted 51.73 U.S. dollars per barrel in London, whereas in New
York the price of WTI has reached 54 U.S. dollars. Moreover, the average price of the OPEC
oil (which is based on seven different oil qualities) has hit the level of 48.36 U.S. dollars,
while only on Wednesday,"2March 2005 it was quoted 47.01 U.S. dollars. On the product
side, the Italian gasoline price at the pump is close to 1.20 Euros per litre, while gasoil has

been quoted Euros 1.09: both are the maximum levels recorded over the last three months.

The literature looking for empirical evidence in support of asymmetries in the
transmission mechanism is wide. This literature employs a variety of reduced-form dynamic
regression models relating the price of gasoline to the price of oil. Findings vary across
countries, time periods, frequency of the data, markets and models, but in general they fail to

provide strong evidence that prices rise faster than they fall.

The aim of this paper is to address the following question: to what extent does the
empirical evidence on price asymmetries depend on the specific model used to analyze the

relationship between gasoline and oil prices? This question is particularly relevant, since the



existing literature does not systematically invgetie the sensitivity of the empirical results to
the choice of a particular econometric specificatidctually, one of the few attempts to
explain the variability of the empirical findingshnqorice asymmetries goes back to Shin
(1994), who nevertheless argues that the contaglicesults are mainly due to the lack of

homogeneity in the data, rather than to differeatiets.

The present paper fills this gap by providing aadetl comparison of the three most
popular models designed to describe asymmetrie gr@haviour, namely asymmetric error
correction model (henceforth asymmetric ECM), eegoessive threshold ECM and ECM
with threshold cointegration. In order to reduce pmoportion of variability in the results due
to different countries, periods of time, data freqcies and markets, each model is estimated
on a common monthly dataset which describes treal mtd wholesale gasoline markets of
France, Germany, Italy, Spain and UK over the pkti®85-2003.

The plan of the paper is as follows. An exhaustexgew of the econometric literature on
price asymmetries in the gasoline market is offenefection 2. Section 3 describes the data
and the econometric models used in the empiricalyais. The results are presented and

discussed in Section 4. Section 5 provides someledimg remarks.

2. Overview of theliterature

Numerous attempts have been made to analyze titeredhip between the price of crude oll
and the price of gasoline (or other petroleum potgju Studies typically differ in one or more

of the following aspects: the country under scrytihe time frequency and period of the data
used; the stage of the transmission mechanismeitlger retail or wholesale, or both; the

dynamic model employed in the empirical investigati

The problem of a different response to price insesaand decreases is first considered in
Bacon (1991), where attention is paid to the U.&saline market but limited to the second
stage of the transmission chain (the ex-Rotterdaoh jgrice is used as a proxy of the product
price). Biweekly data are used for the period 12889. The author finds that increases in the
product price are full transmitted within two mosithin the case of price reductions an extra
week is necessary; changes in the exchange raegssigte two extra weeks relative to
product prices before being incorporated in regag prices.
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Again the U.K. is the country studied by Mannin@41), who instead looks directly at the
iImpact of changes in oil prices on retail priceke data are monthly for 1973-1988 and an
ECM specification allowing for asymmetry only inetldynamic part of the equation. It is
found weak and non-persistent asymmetry in pricnghks, which is absorbed within four

months. No formal tests of asymmetric price effecesshowever performed.

Karrenbrock (1991) employs 1983-1990 monthly datastudy the empirical relationship
between U.S. wholesale and (after tax) retail ly@s@rices. Operationally, the author uses a
distributed lags model to find that the length iofd in which a wholesale price increase is
fully reflected in the retail gasoline price is tb@me as that of a wholesale price decrease for
premium and unleaded regular gasoline. Instead/esghte price increase for leaded regular
gasoline are passed along to consumer more quikkly price increases. Nevertheless, the
author concludes, contrary to the popular beliaf tonsumers do not benefit from wholesale
gasoline price decreases, these are eventuallyeghadsng to consumers as fully as are

wholesale gasoline price increases.

Kirchgassner and Kibler (1992) also look at Wes@srmany for the period 1972-1989
using monthly data. The authors consider the respohboth consumer and producer leaded
gasoline prices to the spot price of the Rotteramnanket; they do so for two sub-periods,
before and after January 1980. The methodologytadap very rigorous, as the variables are
tested for, respectively, unit roots, Granger chiysecointegration, and structural breaks.
When cointegration cannot be rejected, both symmeind asymmetric ECMs are fitted.
Unfortunately, the asymmetry is permitted only fwice changes, thus allowing only for a
different response in the short-run but not inltdrg-run. Briefly stated, the results show that,
while long-run reactions are not significantly difént for the 1970s and the 1980s, there is
considerable asymmetry in the former period butindhe latter in the short-run adjustment
processes. In particular, reductions in the Ro#tergbrices are transferred faster to German

markets than increases.

Shin (1994) relates the average wholesale priceiloproducts to the price of oil in his
investigation of the U.S. market using monthly ditathe period 1982-1990. His dynamic

model shows no evidence of asymmetric effect.



Again the U.S. attracts the interest of Duffy-Dgd@96), and in particular the downstream
relationship between wholesale and net-of-taxdrgfasoline prices The data this time are
weekly for 1989-1993 and the econometric model shsirnong persistent asymmetries, with

a complete adjustment in the case of price risddramomplete for price falls.

Borenstein et al. (1997) study the U.S. gasolineketausing weekly data for 1986-1992. The
empirical investigation confirms the common belib&t retail gasoline prices react more
quickly to increases in crude oil prices than dordases (4 weeks versus 8 weeks). An ECM
is estimated but, like the previous paper, onlynasetry for price changes is permitted. The
authors offer three possible interpretations of finesence of asymmetric gasoline price
behaviour. The first justifies downward gasolineerstickiness in terms of the existence of a
natural focal point for oligopolistic sellers whexl prices are falling. According to the

second, production lags and inventories allow ¢piaker accommodation of negative shocks
to optimal future consumption than positive shocKse third interpretation relates oil price

volatility to the degree of competition in the retaarket.

Balke et al. (1998) extend the work of Borenstdimala(1997) by using two different model

specifications with weekly data from 1987 througd91. In particular the authors use a
distributed lag model in the levels of prices wigsymmetric effects and an ECM

representation which allows for both long-run ahdrsrun asymmetry. On the basis of an
encompassing test this last specification is preferBoth models involve three prices, with
the wholesale price depending upon oil and spateprand the retail price upon wholesale
and spot prices. The author do not obtain unambig@vidence concerning asymmetry, been

weak in the specification in levels and moderai persistent in the ECM.

Reilly and Witt (1998) come back to the U.K. marketevisit the evidence of Bacon (1991)
and Manning (1991) with monthly data for 1982-128& emphasizing the role of the dollar-
pound exchange rate and the potential asymmetssscieted with it, in addition to those of
crude oil prices. A restricted ECM is estimated aebhallows only for short-run asymmetry.
The hypothesis of a symmetric response by pettallees to crude price rises and falls is

rejected by the data, and so is for changes iexbbange rate.

Akarca and Andrianacos (1998) investigate the dyoasiationship between crude oil and

retail gasoline prices during the last 21 years ahdw that, in February 1986, this



relationship had drastically changed. Since thée, tesults suggest that gasoline prices
include higher profit margins, they are substalytiddss sensitive to changes in crude oil

prices, and are more volatile.

Brown and Yucel (2000) examine the market condgiamnderlying the asymmetric
relationship between gasoline and crude oil pridégey find the observed asymmetry is
unlikely to be the result of monopoly power. Thenegning explanations for the asymmetry
suggest that policies to prevent an asymmetridioglship between gasoline and crude oil

prices are likely to reduce economic efficiency.

Other papers look at the experience of other camsmtFor example, Godby et al. (2000) study
the Canadian market for both premium and regulaolg#ze. The analysis is based on weekly
data for thirteen cities between 1990 and 1996. rdying that the asymmetric ECM
specifications used in previous studies are misBpedf price asymmetries are triggered by
a minimum absolute increase in crude cost, a TtdshatoRegressive model within an ECM
Is implemented in the paper. On this basis theastfail to find evidence of asymmetric

pricing behavior.

Asplund et al. (2000) investigate the Swedish retarket by fitting a restricted ECM with

asymmetries only on the short-run dynamic compaeérite data are monthly and cover the
period 1980 through 1996. There is some evidenatiththe short-run prices are stickier
downwards than upwards. Also, prices respond mapidly to exchange rate movements

than to the spot market prices.

Borenstein and Shepard (2002) propose a model saigly adjustment of production and
costly inventories, which implies that wholesabesagline prices will respond with a lag to
crude oil cost shocks. Unlike explanations thay tggon menu costs, imperfect information,
or long-term buyer/seller relationships, this magoiedicts that futures prices for gasoline will
adjust incompletely to crude oil price shocks thetur close to the expiration date of the
futures contract. Examining wholesale price respens 188 gasoline markets, they also find
that firms with market power adjust prices morendjothan do competitive firms, which is

consistent with the model.



Weekly retail gasoline prices in Windsor, Ontaffom 1989 to 1994 are analyzed by Eckert
(2002). Retail prices appear to respond fasterholesale price increases than to decreases,
but exhibit a cyclic pattern inconsistent with areoon explanation of response asymmetry.
The author reconciles these observations throughodel of price cycles. Prices on the
downward portion of the cycle appear insensitivecégts, compared with price increases,
supporting the theory that price decreases resutt battles over market share. This pattern
resembles a faster response to cost increasestdéhdecreases, and the conclusion that

asymmetry indicates a role for competition policgynbe inappropriate.

Salas (2002) uses an ordered probit, a partialsadgnt, and a vector ECM to characterize
price adjustments in the Philippine retail gasolm&rket since its deregulation. He finds that
pricing decisions of oil firms depend significanity eight weeks of previous changes in
crude cost. Moreover, the speed of adjustment tail rprices to their long-run equilibrium
relation with crude cost has been following an bre¢ing trend but is vulnerable to
intervening factors. Lastly, the empirical eviderstggests that pump prices respond more

quickly and fully to increases in crude cost rattien to decreases.

Bachmeier and Griffin (2003) consider daily datad aadopt an Engle-Granger two step
approach. No evidence of asymmetry is found forAheerican wholesale gasoline market
over the period 1985-1998. In contrast with Boreimset al. (1997), who claim that gasoline
prices rise quickly following an increase in thécprof crude oil but fall slowly following a

decrease, they estimate an ECM with daily spot lges@and crude-oil price data over the
period 1985-1998 and find no evidence of asymmaetryholesale gasoline prices. The
sources of the difference in results are twofolistF a standard Engle-Granger two-step
estimation procedure is used, whereas Borenstah €1997) use a non-standard estimation
methodology. Second, even with the same non-stdrgfgcification, the use of daily rather

than weekly data yields little evidence of pricgrametry.

Bettendorf et al. (2003) analyse the retail pacjustments in the Dutch gasoline market.
They estimate an asymmetric ECM on weekly pricengka for the years 1996-2001. They
construct five datasets, one for each working déme conclusions on asymmetric pricing are
shown to differ over these datasets, suggestinglieachoice of the day for which the prices

are observed matters more than commonly believethdir view, the insufficient robustness



of the outcomes might explain the mixed conclusifousd in the literature. They also show

that the effect of asymmetry on the Dutch consutosts is negligible.

The paper by Galeotti et al. (2003) re-examinesidbee of asymmetries in the transmission
of shocks to crude oil prices onto the retail péeasoline. The distinguishing features are:
(i) use of updated and comparable data to carryaounternational comparison of gasoline
markets; (ii) two-stage modeling of the transmissmechanism, in order to assess possible
asymmetries at either the refinery stage, theidigton stage or both; (iii) use of asymmetric
ECM to distinguish between short-run and long-rwynametries; (iv) explicit, possibly
asymmetric, role of the exchange rate; (v) bogbgtireg of F-tests of asymmetries, in order to
overcome the low-power problem of conventionalitgsprocedures. In contrast to several
previous findings, the results generally point tmlegpread differences in both adjustment
speeds and short-run responses when input preesrrifall.

The classical menu-cost interpretation, accordmgvhich prices are sticky because price
menu changes are costly, implies that the prolglafia price change should depend on the
past history of prices and fundamentals only thiotlge gap between the current price and
the frictionless price. Davis and Hamilton (2004hdfthat this prediction is broadly consistent
with the behavior of nine Philadelphia gasoline igkalers. Nevertheless, they reject the
menu-cost model as a literal description of th@sesf behaviour, arguing instead that price
stickiness arises from strategic considerationsosi customers and competitors will react to

price changes.

The influence of oil price volatility on the degreégasoline price asymmetry is studied by
Radchenko (2004). The author measures oil pricatity and gasoline price asymmetry and
examines the impulse response functions of gaselime asymmetry to a shock in oil price
volatility. His findings suggest a robust negatredationship between the two variables for

the American retail market over the period marc119February 2003.

Finally, Kaufmann and Laskowski (2005) analyze rhbntdata on the American petroleum

market for the period January 1986 — December 2882 use an asymmetric ECM approach.
Their results suggest that, when utilization raed the level of stocks are included in the
model, the asymmetry between the price of crudarmi motor gasoline vanishes. Using the

same specification of the model, they find asymrasgtin the home heating oil market.



To summarize, the vast majority of the articlesorégd in this survey have studied markets of
individual countries. The frequency of the dattyscally either weekly or monthly, although

sometimes biweekly data are also employed. In @érlee contributions surveyed consider
the lower end of the market, the one in which tredpct is distributed and sold at the pump.
The relevant prices involved are therefore somandiein of the wholesale price and the retail
price. The other prevailing type of analysis redatiee price of crude oil to the pump price
within a single, unique stage. Finally, the mosterg papers almost invariably test for
asymmetric price effects both in the short-run amag-run using dynamic econometric

models which exploit the presence of cointegratietween the relevant variables.

3. Data and econometric models

In this paper the transmission of changes in uagstr@rices to downstream prices is
investigated at different stages of the procesprime formation. We consider the price of
crude oil(CR) together with the gasoline spot pric&P) the before-tax gasoline retail price
(NR) and the exchange rate between the U.S. dollairahvddual national currencieER)
for five European countries, namely France, Germdiayy, Spain and U.R.The sample
period ranges from January 1985 to March 2003, #ed frequency of observations is
monthly. All prices are log-transformed and expeelss local currencies, with the exception

of crude prices that are denominated in U.S. dpéarbarrel.

In particular, the selected crude oil price is @rede Oil Import Cost (average unit value,
c.i.f.), and as a proxy for the ex-refinery gaselprice we use the spot price f.0.b. Rotterdam
for the NW Europe. Both prices are from the Intéioral Energy Agency. The retail price is
obtained as an average of the prices of leadedigasnd unleaded gasoline. The weight of
the first product is equal to one until January @@April 1992 for Spain) and progressively
decreases to zero in November 2001 (March 1997Germanyf The price of leaded
gasoline is from the International Energy Agencyilulune 2000 (March 1997 for Germany)
and from DATASTREAM for the remaining part of thensple. The unleaded gasoline price

1 The exchange rate between the U.S. dollar anBuhe is multiplied by the fixed parity for each ctynafter
January 1999.

2 This assumption reflects the fact that unleadesblgee, while virtually absent in the retail marlagt the
beginning of the sample, has become increasingbpitant during the period spanned by our investigatnd
it has been recently the only type of gasolinelatste at the pump in the countries under analysis.
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is from DATASTREAM. The exchanges rates series aptined from the International
Monetary Found for the first portion of the sampled from DATASTREAM since January
1999.

The vast majority of the empirical studies whiclvéndeen surveyed in Section 2 is based
on the concept of cointegration between output srpait prices. In the broad class of
cointegration models, the most popular specificetifor the analysis of price asymmetries
are the asymmetric ECM, the threshold ECM, ancEG#& with threshold cointegration.

3.1 Asymmetric ECM

If the variables are integrated of order one](@), they may form a linear combination
which is stationary, ol(0). The Engle-Granger two-step procedure considiess the

relationship among the variabbes j =1..,m, in levels:

)<1t:lB1+IBZXZ+"+IBmet+£t (1)

The augmented Dickey-Fuller (ADF) statistic can w®ed to ascertain whether the

residuals,£ , are stationary.If this is the case, the relevant series are walik cointegrated.

Equation (1) can be considered a steady-stateaelatmong the variables and included in a
ECM of the form:

p p p
Dy =064+ ADX + YD +.+D OBX,  + | (2)
i=1 i=0 i=0

with A indicating the first difference operator, apdthe lag-length.

Granger and Lee (1989) extended the ECM spedtitab the case of asymmetric
adjustments. In order to allow for asymmetriesptegration residuals and first differences on
the X's can be decomposed into positive and negativaegalTherefore, model (2) can be

written as:

% Relevant critical values are available in MacKinr{@991).
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p p p p
Ax, :a+gtt1+a_‘§t_—1+z/]i+A)§—i +24_A)§-i +ZK+A)§4 +ZJ|/_A)§+ +

p p i=1 = i=0 i-0 3)
S SLUTRES ST vy

i=0 i=0

The asymmetry in the adjustment speed is introdbgedefining & equal toé, if & >0
and to zero if§, <0, while & equalsé or zero whené <0 or & =0. Similarly, short-run

asymmetry is captured by decomposing the firsiedsffices intaAx, , =x, — X, >0 and

jt=i jt-i-1

AX, =X, = X4, <0, where j=1..m andi =0,..,p.

it = X

Simple inspection of the sign, magnitude and dtedks significance of the estimated
coefficients offers a first insight on the present@symmetric price behaviour. However, in
order to establish if the estimated coefficientsnoddel (3) are statistically different, the
(single or joint) hypothesedy: " =a™, A=A, y' =y, .., 0" =J have to be formally
tested. The asymmetric ECM has often been usednasppropriate framework for
conventional F tests of both the hypothesis of semim adjustment to the long-run
equilibrium and the hypothesis of short-run symme#x few recent studies (see Cook et al.,
1998, 1999, and Cook, 1999) have shown that stdrtdats of symmetry are affected by low
power in an ECM framework. The solution adoptethis paper is to boostrap the calculated
F statistic and obtain the corresponding rejectiiequencies via simulation (see also Galeotti
et al., 2003).

3.2 Threshold autoregressive ECM

A popular generalization of equation (3) adds aeghold autoregressive (TAR)
mechanism to the standard ECM. The resulting masleleferred to as the TAR-ECM
specification. While it is set to zero in the ciaabasymmetric ECM, the threshold parameter

Is consistently estimated using the TAR-ECM.

A two-regime TAR-ECM has the form:

10



Ax, =aé‘t-1+Zp)/LAx1-i +Zp)yiAx“ +--+Zp]5iA>sm-i +
; i=1 p|=0 p|=O (4)

+(a E Lt ADX +D VDX +.+ D DX jl(q >y)+e
i=1 i=0 i=0

where pindicates the autoregressive ordgrs the threshold variable, which is a continuous

and stationary transformation of the data, grdr is the threshold parametkfhe region

denoted byl is typically selected by sorting the observationsthe threshold variable into
an increasing order and by trimming the bottom tpd15% quantiles; the resulting model is

well identified for all possible thresholds. Theaagrterm e is assumed to be a martingale
difference sequence. The functidly) indicates whether or not the threshold variébkbove
the threshold. The regression coefficients afer,A,y.,..0) if q<y, and

(@+a' A +X,y+y,.6+5) if q>y. Altematively, if we defin =(s, .. x, ),

Y= Yia>y), 6=..3s), 6=".3) and 6=(6 6 ), model (4) can be

expressed as:

Ax, =Y(y)0+e (5)

Since equation (5) is non-linear and discontinudihg parameter estimates can be
obtained by sequential conditional least squardse procedure is as follows: for each

possible value of the threshold (i.e. for egdi "), a regression of the form (5) is estimated
with least squares; for each regression, the susguéred residual§(y), is calculated; the
threshold’s estimatey, is the argument that minimizeS(y); the slope estimates are the

coefficientse(ﬁ) of the corresponding equation (see Hansen, 2000).

It is crucial to test the significance of the threlsl autoregressive model (5) relative to the

linear model (2). The null hypothesis in this casél,:a” =4 =y =..=d =0 for eachi.

Defining the selector matrixR=(0 1), M(y)=YY.(y)(y) and V(y)=> Y. (N ()&,

* Since the original series are non-stationary, gibde thresholds are the exogenous variablesshdifferences
or the error correction term.

11



where | is the identity matrix of appropriate dimEm, we can write the pointwise

heteroskedasticity-consistent Wald statistic as:

w(y) = (RA(/) [RIM () v (M ()R] "Ré() ©)
which leads to the appropriate test statistic:

W =supn/(y) (7)
as

The distribution of W in expression (7) is non-gtard, as the threshold is not identified
under the null hypothesis of linearity. This prablbas been analyzed in different contexts by
Andrews and Ploberger (1994) and Hansen (1996),ngnuthers. In particular, Hansen
(1996) suggests a bootstrapping procedure to appabs the asymptotic distribution of (7).

This procedure can be implemented as follows: gwdra sample of random numbers

n,~NID(0,1) and definex =&, ; i) regressx on 'Y, to obtain the restricted sum of squared
residuals S’ ; iii) regressx on \((y) to obtain the unrestricted sum of squared ressdual
S (y); iv) computeW () =T (S - S (y))/S (v), whereT is the number of observations and

W’ :supN*(y). Repeat steps i)-iv) B times, and denote vMﬁ the calculated statistic
yar

corresponding to the b-th iteration. The p-valueVi is given by:
1 B *
-value=— W =W
P B bzzll :( b )

A second relevant issue concerns the significamd¢keothreshold estimate. Consider the

null hypothesisH,:y, =y, where y, is the true value and/ is a specified value. A

likelihood ratio-type statistic is:
LR(y) =T (s(y)- s(P))/s(p)-

This statistic has a non-standard distributiorcdse of homoskedasticity, it is possible to

show that:

12



LR(y,) @} - ¢

where
W (-v) v<O0
£ = ns]jaRx(ZW(s)—H) withw)={ 0 v=0
W,(v) v>0

W, (-v) and W, (v )being two independent standard Brownian motions[(mno). Critical
values of¢é are reported in Hansen (1997). If the error tesrhdteroskedastic, the asymptotic

distribution depends on a new nuisance parameteichwHansen (1997) suggests to treat

with non-parametric techniques.

3.3 ECM with threshold cointegration

Both asymmetric ECM and TAR-ECM are based on thegldfranger two-step
approach, that is testing for the presence of egnation among the relevant price series is
implemented via an ADF test on the long-run resslublowever, if the adjustment to the
long-run equilibrium is asymmetric, that is, iidépends on the sign of the shocks, the test for
cointegration is misspecified (see Balke and Foni897). In order to overcome this
problem, Enders and Granger (1998) replace thalatdrADF auxiliary regression with the
following TAR process:

Ag‘t = Itp1‘§t—1+(1_|t)p2‘§t—1+vt (8)
where & are the residuals of the long-run equation (1).

The indicator functiorl, is defined to depend on the lagged values ofdkiluals,

according to the following scheme:

(9)
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or on the lagged changesdn:
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(10)

t

_[1if Mg, >0
0 if A&, <0

Equations (8)-(9) are referred to as TAR cointagratwhile model (8)-(10) is named
“‘momentum” TAR (or M-TAR) cointegration. The TAR mel is designed to capture
potential asymmetric “deep” movements in the regisiuwhile the M-TAR model is useful to

take into account sharp or “steep” variations §n (see Enders and Granger, 1998). As
demonstrated by Sichel (1993), negative “deepngse’ |p|<|p,|) of & implies that

increases tend to persist, whereas decreasesaeadert quickly towards equilibrium. Since
there is generally no presumption on whether to T&R or M-TAR specifications, it is
recommended to choose the appropriate adjustmemhansm via a model selection

criterion, such as the Akaike information criteri@iC).

The test for the presence of a threshold in théibgum correction mechanism is termed

threshold cointegration test. |p, = p, the adjustment is symmetric, thus the Engle-Grange

approach turns out to be a special case of equat@®nand (9). If the errors are serially

correlated, equation (8) can be augmented withatpged differences of, as in the standard

ADF test:
DE =1 pE+(1-1) P i+ D ODES +V, (11)
i=1

The threshold parameter does not need to be itestrio zero, as instead it is in models
(9) and (10). If the threshold enters the modelestnictedly, the problem of how to
consistently estimate the threshold, or attractorerges. Tong (1983) shows that the sample
mean of the cointegrating residuals is a biasednatir of the attractor. Chan (1993)
demonstrates that a search procedure over allljesgalues of the attractor in order to
minimize the sum of squared residuals yields aisapasistent estimator of the threshold. If,

for example, the M-TAR is the selected model acicwydio AIC, equation (10) becomes:

t

{1 if AE_ > 2

0 if A, </h
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where 4 indicates the consistent estimate of the threshold
Once equation (11) is estimated, the null hypashek, : p, = p, =0 of no cointegration

can be tested through a F test. Correct critichlesadepend on the number of observations,
the number of lags in equation (11) and the numifewariables in the cointegrating
relationship (see Enders, 2001). The empiricalribistion of the F test under the null
hypothesis is tabulated for up to five variablegfedent sample sizes and order of the

augmentation in Wane et al. (2004). If the null biyesis is rejected (i.e. the serigsfollows
a TAR or a M-TAR model),p, and p, converge to a multivariate normal distribution.

Therefore, the hypothesis of symmetric adjustmientp, = p,, can be tested using a standard

F distribution. The corresponding asymmetric exorrection representation can be written

as.
R Ad P p P
DXy = A8 + A g £+ D VDX + A D GAX D ALY +E (13)
i=0 i=0 i=1

where £ =1&_, and £ = (1-1,)é_,.

4. Empirical results and discussion

We estimate the asymmetric error correction modetgribed in Section 3 to describe the

gasoline-price relation in France, Germany, It&8lgain and UK over the period 1985-2003.

In order to gain a deeper understanding of the mewves of gasoline-oil price relation
over time, we analyze the transmission of changethé crude oil price directly to the
gasoline price at the pump (single stage), as aglthe relations crude spot price-gasoline
spot price (first stage) and gasoline spot pricadrgasoline price (second stage). Therefore,
three equations are estimated for each model amatrgo

Tables 1-5 refer to the asymmetric ECM. The esehatefficients and corresponding t-

statistics are reported in Tables 1-3, whereasebad5 present the results of testing for price
asymmetries. Coefficiente™ and @~ in Table 1 indicate asymmetric adjustment speeds,

which measure long-run asymmetry, while the coifits y° and y, i=1,...,p account for
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short-run, or transitory, asymmetry. The resultggast that “positive” coefficients are
generally larger, in absolute value, than theirgatése” counterparts for both long-run and

short-run, as well as in each stage. This findmgimexpected for long-run effects, where

“positive” (a”) and “negative” &) coefficients are associated with adjustmentsh® t

equilibrium level from above and from below. In t@st, short-run estimates, which show
that after two periods the effects of upstreamepiitcreases are larger than those of price
decreases for all countries, reflect more closbly ¢onsumers’ perception of the actual

effects of oil price variations on gasoline pritenges.

If we concentrate on the two-stage analysis, soduktianal remarks emerge. First, the
magnitude of coefficients is larger in the firsage than in the second stage. Second, lagged
effects compensate for the large impact of conteaneous oil price changes in the refinery
stage, while the adjustment towards the equilibrlewel is more gradual in the distribution
stage. These findings reflect the differences betwihe refinery and distribution markets.
The quotations of spot gasoline react immediatelyhe fluctuations in the price of oil. In
contrast, retailers do not immediately transferoopump prices all the adjustments in

wholesale prices (and thus in crude oil pricedjeg changes are distributed over time.

A cross-country comparison reveals significantedghces, especially at the second stage.
The adjustment to the long-run equilibrium appearbe larger from below than from above
in the Italian and Spanish distribution marketscdmtrast, the systematically larger impact of
price increases over price reductions tends to emsgie the insignificant adjustment from
below to the steady-state level in the retail chafiffrance and U.K.. Surprisingly, gasoline
prices in Germany seem to react more to price dsee and to positive gaps to the

equilibrium, than to price increases and negatigedlilibrium.

Table 2 considers the transmission of shocks itaxge rates to retail prices. In the first
stage, only positive changes appear to be significaith the only exception of Germany.
This evidence suggests that producers are geneedligtant to transfer onto consumers those
price reductions which originate from favourablevaments in exchange rates. Interestingly,
this evidence disappears in the single stage, s supportive of the idea of separately

modelling production and distribution stages.

16



The estimated autoregressive coefficients, whiderethe model when the lag-length is
equal to, or larger than, one, are reported in &bl All the estimated coefficients have
positive signs in the first stage and are generadigative in the second. Moreover, relevant
differences between “positive” and “negative” cagéints, as well as among countries, arise
in the second stage. In particular, the coeffigerdlative to positive lagged changes in
gasoline prices are significant and negative f@nEe and Italy, while negative changes are
significant and exhibit positive coefficients iretickase of U.K. Spain does not show relevant

autoregressive asymmetries.

In order to verify whether the differences betwéea adjustment coefficients and short-
run effects are significant, formal statisticaltiieg is required. Table 4 reports the calculated

conventional F test for the hypothesis of long-ama short-run asymmetries. Rejection of the
null hypothesisHo: @ =a~ implies asymmetric long-run adjustment, whereasrtstun
asymmetries arise when at least one of the hypetités " =y, & =J  or &' = A,

i =01, is rejected. Table 4 shows that long-run asymmetries occur iteSes out of 15,

while in 8 cases out of 51 short-run asymmetries sagnificant. If we compare different

countries and stages, long-run asymmetries chaizaetenly France and Italy (single stage),
and Germany (second stage). The lagged price sffet asymmetric at the first stage in
France and Germany, and at the second stage ircésr&pain and U.K.. Moreover, the

reaction to exchange rate variations is asymmatridJ.K. at the first stage. Finally,

contemporaneous price asymmetries arise in FramtéJaK. at the single stage. Overall, the
test suggests the presence of asymmetry in 11 ,casasmber which is much smaller than
expected, both in terms of how this phenomenorersgived by the ordinary consumer and
from a visual inspection of the estimated coeffitse However, due to the well documented
lack of power of the F test in the context of asymwe ECM, any straightforward

interpretation of the results reported in Table &yrbe misleading. Following, among others,
Galeotti et al. (2003), we believe that a moreatdé picture of potential asymmetries in the
oil-gasoline price relation can emerge by bootgtitag the F statistics. Table 5 presents the
calculated rejection frequencies at 5% significaleel based on 1000 replications. As in
Cook et al. (1999), we look at the number of regctrequencies which are larger than 15%

and 58% (“high” rejection frequencies): these anidar32 and 8 out of 64n contrast with

® In order to economize space, F tests for symmshiict-run effects are reported for contemporanandsone
period lagged changes only.
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the standard F tests, the simulated results sugiggiseach country is more likely to present

asymmetries, particularly at the second and sisiglges.

To summarise, when using the asymmetric ECM approtc describe the price
transmission mechanism in the gasoline marketsivef European countries, we do find
evidence to support the presence of asymmetrie fr&haviour almost in all countries, and
mainly at the distribution stage. As pointed outByrenstein et al. (1997), retail sales, in
contrast with other segments of the oil market, ligedy to be characterized by oligopolistic
cooperation. Therefore, our results, which evidetheg¢ asymmetry is stronger in the second

stage, can be explained in terms of reduced cotigretimong retailers.

The two-regime TAR-ECM differs from the asymmet&€EM in two respects: it treats the
threshold as an estimable parameter, rather ttsncteng it to zero, and it accounts only for
short-run asymmetries. Tables 6-8 report the estichavalue and significance of the
coefficients of the TAR-ECM specification. Tablep®esents the estimated values of the
threshold parameter, in addition to the calculadéald statistic for the null hypothesis of no
threshold effect and the corresponding approximatedlues. Figures 1-4 plot the adjusted

likelihood ratio and the Wald statistics for Frarisimgle stage) and Italy (first stage).

An informal indicator of the presence of asymmaeatrie the oil-gasoline price relation is

given by the number of times the estimated coeffits of the error correction term and of the
short-run variations differ depending on the sidrstwort-run price changes, i.e. whether the
threshold variable is above or below a specifiinestied value. If we consider equation (4),

the long-run adjustment is measured doyif the threshold variable is below the estimated
threshold, while it iso +a” otherwise. Similarly, short-run coefficients a(mls;,yi ,..,6i) and
(Ai + AV +V .0 +5i*). Therefore, significant “differential” parameters ,y; ,d and A

suggest the presence of price asymmetries.

Looking at the empirical results presented ibl&a 6-8, the coefficients accounting for

both long-run and short-run price asymmetries whiah statistically significant at 5% are 24
out of 71. If we concentrate on Table 6, significemg-run asymmetries (i.er’ ) arise in 4
cases out of 15, whereas short-run asymmetriesfi,eé = 0,,2) are found in 10 cases out of

28.
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If we compare the estimated asymmetric coefficiamss stages, the main differences
are related to the sign of the coefficients and to the optimal number of lags in each
equation. The lagged short-run effects are negatiwé contribute to the reduction of the
impact of contemporaneous changes in the firstestadnile they are positive and tend to
increase the cumulative effect of oil and wholegaiee changes on gasoline prices in the
second and single stage. Moreover, the short-rgaatnof spot price changes vanishes in one
or two periods for the first and single stages, lalii is generally distributed over three
periods in the second stage. These findings arg slese to the results obtained with the
asymmetric ECM. Furthermore, it is worthwhile notig that significant differences in long-
run adjustments arise mainly in the second andesisges, while “differential” short-run

effects characterize all stages and have posiiiye except for France in the second stage.

Table 7 reports the estimates of the exchangeefégets. All contemporaneous impacts

(i.e. 9,) are significant and positive, while lagged diéfetial effects are positive and

statistically significant in the first stage onl@oefficientsd, and d, have opposite signs in

all countries and stages, again except for Framtiee single stage.

The autoregressive coefficients reported in Table 8 are significant and positinehie

first stage, whereas they are negative and sigmifién the second stage. In a few cases,
autoregressive effects are different dependinghemtagnitude of contemporaneous changes

in oil prices. Spain (second stage) excluded, St coefficientsA, and A, have opposite

signs.

The estimated parameter values depend on the éstimalues of the threshold. The latter
are calculated using a likelihood ratio approacfteraadjusting the LR statistic for
heteroskedasticity in the residu@l8s an illustration, Figures 1 and 3 present tlotspbf the
adjusted LR against the estimated values of thesttold for France in the single stage and
Italy in the first stage, respectively. Values loé threshold corresponding to a LR below the
dotted line are not rejected by the data. It istiwabserving that the interval of threshold
values below the dotted line in Figure 1 is ratingit, while the threshold estimates seem to
be less precise in Figure 3. As far as the othentt®s are concerned, LR plots are well-

® This adjustment has been obtained by calculatiad Brsequence on the GLS residuals.
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shaped (i.e. similar to Figure 1) in about 50%haf tases. The estimates of the threshold are
reported in Table 9. Significant and positive thi@d values are found in 4 countries, namely

France and Germany in the first stage, Italy indgbeond stage and U.K. in the single stage.

In order to test the null hypothesis of linearityamst the threshold model we use a
heteroskedasticity-consistent Wald statistic. Fegu2 and 4 display the plots of the statistic
against the threshold for France (single stage)ltaig (first stage). The calculated test,
along with approximated p-values for each countngl stage, are reported in Table 9.
Rejection of the null hypothesis of symmetry at Sigificance level occurs for France in the
refinery stage, for Germany and Italy in the disition stage, and for France and Germany in
the single stage. In addition, if we test for synmpet 1% significance level, evidence of
asymmetric pricing behaviour is found also for yitaind Spain in the first stage and for
France in the second stage.

The overall picture which emerges from the estiorabf the threshold ECM is that price
asymmetries are present in 34% of the cases. Mergasymmetries are more likely a short-
run phenomenon (35.7%) than a long-run featuréefoil-gasoline price relation (26.7%). If
we compare these findings with the results fromabgmmetric ECM (according to which
asymmetric price behaviour characterizes only 16% @ cases, with 13.3% of long-run and
16.3% of short-run asymmetries), the TAR-ECM appho#urns out to provide stronger
support to non-linear pricing schemes in the oitkaa

As illustrated in Section 4, a threshold specifmatof the error correction mechanism is
needed to test for threshold cointegration. Taldl@sl5 report the results obtained by
estimating and testing the threshold cointegratédgtionship. Estimates and test statistics are
relative to the three possible formulations of éneor correction terms, namely TAR, M-TAR
and consistent M-TAR (MC-TAR hereafter), and aresented in Tables 10-12. The
estimated coefficients of the asymmetric ECM witineshold cointegration are reported in
Tables 13-15.

Tables 10-12 show that the M-TAR specification engrally superior to the basic TAR
model, at least according to AIC. The sequentialdamonal OLS method is then used to
consistently estimate the threshold parameter HerMI-TAR model. Within the MC-TAR
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specification, the threshold cointegration tesieatethe null hypothesislo: p, = 0, =0 in

favour of asymmetric cointegration for each countémyd stage. Moreover, all p-values
associated with the tests for the null hypothetsymmetry are smaller than 5%, supporting
the idea of asymmetric adjustments. The reportédkeaece of asymmetric cointegration leads
to the estimation of the ECM with long-run asymneegquilibrium. Long-run adjustments

are allowed to differ depending on the previousquechanges in the long-run error terms.
The estimated long-run coefficients are presentefiable 12. The most relevant asymmetric

effects appear in the single stage. The coeffisien},,, are all strongly significant and

generally larger, in absolute value, than the apoadinga,  , which are not even significant

up”
for Italy, Spain and U.K. (see Table 13). As foe first stage, all coefficients are significant
and, in the case of Italy and Spain, the estimatjdstments from below to the equilibrium
exceed the corresponding adjustments from abovadrg than 0.1. The differences between
the estimated coefficients are smaller in the sécstage. It is important to point out that,
contrary to the asymmetric ECM, the ECM with thi@sghcointegration identifies long-run
asymmetries of the expected sign, that is adjussneom below are found to be faster than
adjustments from aboveThis suggests that a threshold specification @& tbng-run

mechanism provides a more plausible representafitire oil-gasoline price relationship.

If we compare the empirical findings across stadgks, magnitude of the adjustment
coefficients is larger for the first stage than flee second and single stages. Moreover, as in

the cases of asymmetric ECM and threshold ECM ,ficosdts y, (y,) are significant and

positive (negative) in the first stage, while coanpmraneous price effects are smaller and
lagged price effects positive in the other stag@sally, the temporal delay of the reaction of
downstream prices to upstream price changes igrnangthe distribution stage than at the

refinery level.

Table 14 reports the estimated effects of exchaagemovements on prices. As expected,
all coefficients are positive. The effects die afier one period in the first stage, while in two
cases lagged effects are significant at the sistgige. This behaviour is due to the larger time
delay in the reaction of pump prices to cost (ahdrdfore exchange rate) variations.

Autoregressive parameters are presented in Tabldnlbne with the results obtained by

" A comparison with the TAR-ECM, where the threshaddable is the short-run variation of upstreancgsi is
less informative, thus it is not presented.
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estimating the asymmetric ECM and threshold ECM; #utoregressive coefficients are

positive in the distribution stage, while, in gesdenegative in the second stage.

The results of the estimation of the threshold mgjration ECM show strong evidence of
asymmetries in the transmission of oil price chandge retail prices (single stage).
Adjustments toward the equilibrium between crudk poices, gasoline retail prices and
exchange rates are faster when changes in thetidevieom equilibrium are smaller than the

estimated threshold.

5. Conclusion

Contrasting evidence about price asymmetries indik@roduct price relationship has
been found in the applied econometric literaturéfeBent data, together with different
econometric models, have been employed in diffesardies. One of the major causes of the
very large volatility in the empirical findings ithe heterogeneity of the econometric
approaches used in the empirical applications. TAukorough assessment of the impact of

different econometric approaches on the resultaaae put off any longer.

In this paper the three most popular econometridetsofor price asymmetries are applied
to the same dataset, namely asymmetric ECM, thiédBEM, and ECM with threshold
cointegration. These models account for differesgeats of the potentially asymmetric oil-
product price relationship. The asymmetric ECM udels long- and short-run asymmetries,
but it forces the threshold to be zero. The threkIiKCM tests the existence of short-run
asymmetric price behaviour, and it allows to caesily estimate the unknown threshold
value. The ECM with threshold cointegration assuthes adjustments toward the long-run
equilibrium differ depending on whether changesthe deviation from equilibrium are
positive or negative. The dataset we use in theirggapapplication includes crude oil, spot
and retail gasoline prices, together with exchaiages for France, Germany, Italy, Spain and
U.K. over the period 1985-2003.

A detailed comparison of the results obtained Bymeging each model highlights both
similarities and differences. All models are alddfibd the temporal delay in the reaction of
retail prices to changes in spot gasoline and caiblerices, as well as some evidence of

asymmetric behaviour. However, the type of stagesthe number of countries which are
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characterized by asymmetric oil-gasoline pricetrehs vary across models. The asymmetric
ECM supports some evidence of asymmetry for alhtees, mainly at the distribution stage.
The threshold ECM strongly rejects the null hypstheof symmetric pricing behaviour,
particularly in the case of France (all stages) @mimany (distribution level). Finally, the
ECM with threshold cointegration captures long-rasymmetry for each country in the

reaction of retail prices directly to oil price ciges.
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Table 1. Asymmetric ECM - asymmetric adjustmentesiseand short-run price asymmetries

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
= . ~0.374 0.373 ~0.305 "0.268 ~0.261
asymm.a (-4.667) (-4.609) (-4.577) (-3.653) (-3.515)
_ -0.254 -0.274 -0.231 -0.286 -0.242
LR asymma (-2.702) (-2.826) (-2.702) (-3.392) (-2.500)
. 0.822 0.823 0.881 0.910 0.819
SR asymmy, (8.440) (8.368) (10.195) (9.121) (9.083)
_ 0.919 0.842 0.899 0.720 0.736
SR asymmy, (9.109) (8.418) (9.926) (7.595) (7.832)
SR asvmmy® -0.152 -0.088 -0.281 -0.205 i
ymmy, (-1.426) (-0.800) (-2.766) (-1.868)
SR asymmy; -0.599 -0.523 -0.601 -0.462 ]
ymmy, (-4.826) (-4.388) (-5.488) (-4.179)
second stage: retail=f(spot)
= . -0.162 -0.660 0.001 -0.052 -0.231
asymm.a (-2.588) (-6.121) (0.022) (-0.888) (-3.273)
R _ -0.065 -0.272 -0.180 -0.257 -0.086
asymma (-0.970) (-3.101) (-3.489) (-3.438) (-1.568)
R 0.101 0.293 0.090 0.094 0.175
SR asymmy, (3.465) (3.956) (2.634) (2.271) (3.348)
_ 0.119 0.339 0.139 0.184 0.065
SR asymmy, (2.092) (4.545) (3.902) (4.236) (1.167)
SR asvmmy” 0.545 ] 0.372 0.242 0.394
ymmy, (8.723) (8.501) (4.506) (6.337)
SR asvmmy- 0.329 ] 0.371 0.422 0.182
ymmy, (5.239) (8.679) (8.493) (2.949)
SR asvmmy* 0.271 ] 0.177 0.096 ]
ymmy, (3.524) (3.173) (1.742)
SR asvmmy- 0.161 ] 0.176 0.174 ]
ymmy, (2.298) (3.375) (2.925)
. 0.032 0.111
SR asymmy, ) ) (0.612) (2.093) )
; 0.189 0.080
SR asymmy, ) ) (3.716) (1.405) )
single stage: retail=f(crude, exchange rate)
= . "0.454 ~0.406 -0.229 ~0.237 "0.165
asymm.q (-4.572) (-3.673) (-3.412) (-2.825) (-2.383)
R _ -0.180 -0.309 0.009 -0.167 -0.154
asymm.Q (-1.865) (-3.352) (0.226) (-2.175) (-2.634)
. 0.439 0.406 0.263 0.184 0.277
SR asymmy, (5.598) (4.456) (4.285) (2.991) (4.193)
- -0.012 0.383 0.258 0.110 0.045
SR asymmy, (-0.139) (3.992) (3.955) (1.821) (0.629)
SR asvmmy” 0.244 ] ] 0.196 0.213
ymmy; (2.772) (3.126) (2.867)
SR asvmmy- 0.261 ] ] 0.261 0.240
ymmpy, (2.807) (4.271) (3.265)

Notes: LR = long-run; SR = short-run; parameters, a~, yi+ and Vi refer to equation (3), where=3 andx;=SP, x;=CR, x;=ER for the

first stage;m=2, x,=NR and x,=SP for the second stage=3, x,=NR, %=CR and x;=ER for the single stage. For each parameter the
estimated value and t-ratio (in brackets) are replorThe optimal number of lags in the asymmei@M is chosen to eliminate any
residual autocorrelation. A “-“ in correspondena¢hei-th lag {=1,2,3) indicates that the optimal number of lagsli.

24



Table 2. Asymmetric ECM - exchange rate asymmetries

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
R 1.170 1112 1.098 1.235 1.673
SR asymmd; (3.466) (3.344) (4.163) (4.020) (5.414)
. 0.458 0.578 0.326 0.435 0.119
SR asymmd, (1.544) (2.015) (1.112) (1.328) (0.385)
single stage: retail=f(crude, exchange rate)
R 0.512 -0.217 0.090 0.203 0.531
SR asymmd, (1.804) (-0.655) (0.436) (1.011) (2.303)
: 0.605 0.501 0.683 0.184 -0.033
SR asymm
ymmJ, (2.382) (1.759) (3.025) (0.885) (-0.149)
SR asvmmd” 0.254 ] ] 0.560 0.597
ymmae, (0.919) (2.807) (2.566)
) -0.086 0.311 0.148
SR )
asymmJ, (-0.330) (1.496) (0.654)

Notes: LR = long-run; SR = short-run; parametélrﬁand a‘i‘ refer to equation (3), where=3, x;=SP, %,=CR andx;=ER for the first stage;

m=2, x;=NR andx,=SP for the second stage=3, x=NR, x,=CR andx;=ER for the single stage. For each parameter the astinvalue
and t-ratio (in brackets) are reported. A “-“ iorespondence to theh lag (=1,2,3) indicates that the optimal number of lagsli.

Table 3. Asymmetric ECM - autoregressive asymmetrie

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
+ 0.220 0.201 0.305 0.209
SR asymmd, (2.252) (1.988) (3.259) (2.108) -
SR asvmmd- 0.310 0.286 0.293 0.270 i
ymmd, (3.085) (2.875) (3.096) (2.731)
second stage: retail=f(spot)
. -0.458 -0.324 -0.197 0.055
SR asymmd, (-4.499) - (-3.239) (-2.064) (0.636)
SR asvmmd- -0.178 ) -0.110 -0.304 0.314
ymmd, (-1.861) (-1.048) (-2.949) (3.590)
+ -0.220 -0.294 -0.164
SR asymmd; (-2.710) ) (-2.956) (-1.742) )
- 0.167 -0.118 -0.027
SR asymmd, (2.217) ) (-1.185) (-0.269) )
single stage: retail=f(crude, exchange rate)
+ -0.025 0.100
SR asymmd, (-0.239) ) ) ) (1.014)
- 0.108 0.263
SR asymmd, (1.180) ) J - (2.635)

Notes: LR = long-run; SR = short-run; parametqrsand /]i‘ refer to equation (3), whema=3, x;=SP, x,=CR andx;=ER for the first

stage;m=2, x,=NR andx,=SP for the second stagm=3, x;=NR, %,=CR andx;=ER for the single stage. For each parameter the attin
value and t-ratio (in brackets) are reported. A ir“correspondence to tinth lag {=1,2,3) indicates that the optimal number of lagsli.
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Table 4. Asymmetric ECM - computed F tests for asyatric adjustment speeds and short-run effects

Null hypothesis France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)

at'=a 0.666 0.446 0.342 0.020 0.018
(0.415) (0.504) (0.559) (0.889) (0.894)

Vo=V, 0.350 0.015 0.016 1.407 0.302
(0.554) (0.904) (0.898) (0.236) (0.582)

yvi=y 5.957 5.708 3.795 2.233 i
(0.015) (0.017) (0.051) (0.135)

J, =0, 1.714 1.019 2.693 2.165 9.046
(0.190) (0.313) (0.101) (0.141) (0.003)

A=A 0.335 0.291 0.007 0.160

vt (0.563) (0.589) (0.934) (0.689) i
second stage: retail=f(spot)

a'=a 0.862 5.494 3.438 3.479 1.846
(0.353) (0.019) (0.064) (0.062) (0.174)

Vo=V, 0.609 0.141 0.749 1.644 1.520
(0.435) (0.707) (0.387) (0.200) (0.218)

v =y 4.937 i 9.17E-05 5.172 4.415
(0.026) (0.992) (0.023) (0.036)

A=A 3.803 i 1.918 0.560 3.339
(0.051) (0.166) (0.454) (0.068)

single stage: retail=f(crude, exchange rate)

a' =a 2.809 0.318 6.363 0.265 0.011
(0.094) (0.573) (0.012) (0.607) (0.917)

Vo=V, 11.423 0.021 0.002 0.542 4.328
(0.001) (0.886) (0.963) (0.462) (0.038)

o=y 0.015 ) i 0.429 0.052
(0.904) (0.512) (0.819)

J, =6, 0.041 1.851 2.653 0.003 2.247
(0.840) (0.174) (0.103) (0.955) (0.134)

o =9 0.562 ) i 0.522 1.399
(0.454) (0.470) (0.237)

A= 0.772 _ i i 1.055
(0.380) (0.304)

Notes: entries are the calculated F tests for thiehypothesis of symmetry, i.e. equality betweble toefficients associated with error
correction terms, price changes and exchange hateges in equation (3), and the corresponding pega(in brackets). Tests for symmetry
are reported only for the long-run adjustments temporaneous and one period lagged changes. Arf'-€orrespondence to theh lag

(i=1,2,3) indicates that the optimal number of lagsli.
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Table 5. Asymmetric ECM — simulated F tests fomasetric adjustment speeds and short-run effects

Null hypothesis France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
a =a 0.133 0.117 0.094 0.065 0.054
Ve =V, 0.092 0.052 0.042 0.228 0.090
vi=y 0.709 0.688 0.503 0.321 -
o, =0, 0.273 0.170 0.400 0.340 0.864
A=A 0.085 0.085 0.056 0.065 -
second stage: retail=f(spot)
a’ =a 0.165 0.669 0.461 0.480 0.299
Ve =V, 0.142 0.065 0.141 0.256 0.236
vi=y 0.627 - 0.059 0.641 0.577
A=A 0.505 - 0.311 0.117 0.459
single stage: retail=f(crude, exchange rate)

a =a 0.412 0.107 0.734 0.081 0.045
Ve = Vo 0.926 0.061 0.05 0.130 0.557
vi=y 0.067 - - 0.101 0.055
o, =0, 0.055 0.28 0.368 0.045 0.331
o =0, 0.116 - - 0.105 0.234
A=A 0.145 - - - 0.165

Notes: entries are the simulated rejection freqgiesnd.e. the percentage number of rejections @ut,000 replications) of the null

hypothesis of symmetry using a F test at 5% sigmifce level. A “-*

number of lags i&1.
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Table 6. TAR-ECM — two-regime adjustment speedssruit-run price effects

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
LR effect a (5162 (5560 (5084 (5.469 (1939
LR “differential” effect ”* (1789 (1100 (0664 (0.439) (0.457
SR effecty, (fi??glo) (fi???ér)G) (fi?52308) (10(5-7??509) (g:igg)
SR “differential” eff (2:2%) (gfigj) ((1):%2) ((2):2471%) (:8222;)
SR effecty, -0.375 -0.329 -0.464 -0.304 -0.320
(-4.571) (-4.057) (-5.344) (-3.886) (-2.539)
SR “differential” effect); (:8:828) (82;8) (8:8(133) (:22%471) (gégg)
Second stage: retail=f(spot)
LR effecta (giégg) (:gigg) (:g:éga) (:?1:4113?1) (Zg;gg)
LR “differential” effect & * (:giggg) (:gigg% (8232%) (gégg) (géég)
SR effect, (gécl)%) (g:ggg) (gﬁégg) (gégg) (gfégé)
SR “differential” effecty (:8:832) (:gfég;) (:giggg) (:2:24112) (g::;gg)
SR effecty, 0.645 i 0.294 0.285 0.259
(9.012) (10.448) (7.188) (6.359)
SR “differential” effect ; (gg(l)) - (gégi) (gégg) (géﬁ)
SR effecty, (2333% ] (g:égg) (8332% )
SR “differential” effect }/, (ggjg) - (823471) (gégg) i
Single stage: retail=f(crude, exchange rate)
LR effecta (ggg% (gégg) (gggg) (-ggz) (:gég;)
LR “differential” effect o * (82322) (:(1):%1(75) (giéj% (giggg) (:(1):8;%
SR effect), ((1):(1)2;) (giggé) ((2):‘1%;) (giggi) (gégg)
SR “differential” effectys (giég) (8%22) (8égg) (g%g) (gggg)
SR effect), ((1)8?13) - - i i
SR “differential” effectyi (ggg% - - i i

Notes: LR = long-run; SR = short-run; parameters ", 2 and yi* refer to equation (4), whera=3, x;=SP, x,=CR andxs=ER for the

first stage;m=2, x;=NR and x,=SP for the second stage=3, x;=NR, x=CR and x;=ER for the single stage. For each parameter the

estimated value and t-ratio (in brackets) are repoiReported t-ratios need to be compared witftativalues of the normal distribution. A
“-“ in correspondence to theth lag {=1,2,3) indicates that the optimal number of lagsli.
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Table 7. TAR-ECM - two-regime exchange rate effects

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
1.025 0.993 0.839 0.946 1.022
SR effectd, (5.786) (5.513) (4.784) (5.401) (2.629)
. - -1.140 -0.571 -0.455 -0.424 -0.203
SR “differential” effectd, (-2.321) (-1.262) (-1.194) (-0.791) (-0.464)
SR effectd -0.170 -0.195 -0.173 -0.248 -0.745
1 (-0.899) (-1.046) (-0.916) (-1.344) (-1.766)
- - 0.782 1.144 0.701 1.560 0.792
SR "differential” effectd] (1.670) (2.158) (1.825) (2.885) (1.683)
single stage: retail=f(crude, exchange rate)
0.537 0.448 1.096 0.430 0.463
SR effectd, (3.007) (2.705) (3.163) (1.104) (3.308)
e - 0.209 -1.464 -0.843 -0.181 -0.825
SR differential” effectd (0.773) (-3.384) (-2.291) (:0.445) (-2.465)
0.023
SR effectd, (0.114) - - - -
o - 0.104 ) ] ) .
SR “differential effectc)'; (0.380)

Notes:LR = long-run; SR = short-run; parameteflsand a’l refer to equation (4), whera=3, x,=SP, x,=CR andx;=ER for the first stage;

m=2, x;=NR andx,=SP for the second stage=3, x;=NR, x,=CR andx;=ER for the single stage. For each parameter the attanvalue
and t-ratio (in brackets) are reported. Reportedtios need to be compared with critical valuesh& normal distribution. A “-*“ in
correspondence to theh lag {(=1,2,3) indicates that the optimal number of lagsli.

Table 8. TAR-ECM - two-regime autoregressive efect

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
SR effectA 0.202 0.206 0.278 0.240 0.414
1 (2.836) (2.852) (3.769) (3.346) (3.211)
. . . 0.191 0.198 0.064 0.046 -0.339
SR "differential” effectA, (1.192) (1.161) (0.438) (0.255) (-2.228)
second stage: retail=f(spot)
-0.815 -0.132 -0.157 0.159
SR effectA, (-6.936) ) (-2.054) (-2.010) (2.914)
. . . 0.751 ) 0.224 -0.232 0.127
SR “differential” effect, (5.346) (0.939) (-1.623) (0.879)
SR effectA, - - (ggzg) - -
SR “differential” effect A, - - (gggg) - -
single stage: retail=f(crude, exchange rate)
0.355 0.302
SR effectA, (3.564) - - - (4.815)
SR “differential” effect ], (_gggg) - - (gé;g)

Notes:LR = long-run; SR = short-run; parameteisand ,]: refer to equation (4), where=3, x;=SP, x,=CR andx;=ER for the first stage;

m=2, x,=NR andx,=SP for the second stagm=3, x,=NR, x;=CR andx;=ER for the single stage. For each parameter thenattd value
and t-ratio (in brackets) are reported. Reportedtios need to be compared with critical valuesh& normal distribution. A “-* in
correspondence to tleh lag {=1,2,3) indicates that the optimal number of lagsli.
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Table 9. TAR-ECM - estimated thresholds and congpWald tests

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)

Thresholdy 0.062* 0.073* 0.051 0.073 -0.050
Wald test 30.521 18.909 23.450 24.615 10.787

p-value 0.027 0.206 0.079 0.086 0.779

second stage: retail=f(spot)

Thresholdy -0.039* -0.009 0.071* 0.024 0.069
Wald test 25.565 15.175 27.618 20.024 12.856

p-value 0.069 0.041 0.023 0.119 0.287

single stage: retail=f(crude, exchange rate)

Thresholdy 0.002 0.071 -0.081 -0.085 0.051*
Wald test 30.092 26.514 12.731 13.644 22.961

p-value 0.040 0.005 0.213 0.169 0.041

Notes: A™” indicates statistical significance &5 The calculated Wald statistics are testing thiehypothesis of linear ECM against the
alternative of ECM with threshold specificatiorhelasymptotic p-values of the tests are obtainedbaotstrapping (1,000 replications).
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Table 13. ECM with threshold cointegration - asymmetdjustment speeds and short-run price effects

France Germany Italy Spain U.K.
first stage: spot=f(crude, exchange rate)
0.312 -0.303 -0.238 -0.216 -0.283
LR asymm.d., (-6.017) (-5.617) (-5.421) (-4.823) (-5.389)
-0.279 -0.349 -0.332 -0.402 -0.222
LR asymm&ou, (-2.947) (-3.448) (-3.442) (-4.093) (-2.213)
0.865 0.836 0.896 0.821 0.804
SR effecty, (15.452) (14.972) (17.983) (15.081) (14.714)
SR effecy -0.349 -0.286 -0.421 -0.329 -0.187
L (-4.913) (-4.040) (-6.265) (-4.775) (-2.607)
second stage: retail=f(spot)
0.122 "0.216 ~0.068 20.203 0.174
LR .
asymm.- Ay, (-2.980) (-3.891) (-0.976) (-2.745) (-2.579)
-0.085 -0.231 -0.083 -0.123 -0.141
LR asymm.gou, (-1.077) (-2.387) (-2.431) (-3.276) (-3.871)
0.162 0.237 0.113 0.132 0.134
SR effecty, (4.973) (6.535) (5.529) (5.557) (4.379)
SR effec 0.442 0.450 0.388 0.344 0.281
4! (10.901) (9.426) (14.328) (11.183) (7.813)
0.180 0.151 0.108
SR effecty, (4.012) } (4.092) (3.176) )
0.103 0.057
SR effecy, } - (2.963) (2.382) )
single stage: retail=f(crude, exchange rate)
0274 -0.378 20.070 "0.188 -0.103
LR .
asymm.a,, (-4.855) (-2.360) (-1.156) (-1.832) (-1.609)
-0.369 -0.357 -0.078 -0.206 -0.158
LR asymm. Tgoun (-3.855) (-6.305) (-2.810) (-4.682) (-4.157)
0.189 0.389 0.263 0.144 0.177
SR asymmy, (3.989) (7.554) (7.263) (4.209) (4.532)
SR asvmm 0.309 ) i 0.231 0.224
ymm.p, (5.815) (6.405) (5.098)
-0.128
SR asymm.y, (-2.711) - - - -

Notes: parameters]up

! adown

and 17 refer to equation (13), whera=3, x;=SP, x,=CR andx;=ER for the first stagem=2, x,=NR and

X=SP for the second stage=3, x;=NR, x;=CR and x;=ER for the single stage. For each parameter the awtnvalue and t-ratio (in
brackets) are reported. A “-“ in correspondencthé&-th lag (=1,2,3) indicates that the optimal number of lagsli.
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Table 14. ECM with threshold cointegration — exdmnate effects

France Germany Italy Spain U.K.

first stage: spot=f(crude, exchange rate)

0.824 0.818 0.741 0.826 0.832

SR effectd, (4.997) (5.036) (4.943) (5.090) (4.812)
single stage: retail=f(crude, exchange rate)

0.624 0.194 0.387 0.197 0.243

SR asymmd, (4.623) (1.217) (3.276) (1.855) (1.903)

SR asvmmd ] ] ] 0.442 0.368

ymmo, (4.166) (2.806)

Notes: parameteréi refer to equation (13), whene=3, x,=SP, x,=CR andx;=ER for the first stagemn=2, x;=NR andx,=SP for the second

stagem=3, x;=NR, x%,=CR andx;=ER for the single stage. For each parameter the attthvalue and t-ratio (in brackets) are reportet.
“ in correspondence to theh lag {=1,2,3) indicates that the optimal number of lagsli.

Table 15. ECM with threshold cointegration — augpessive effects

France Germany Italy Spain U.K.

first stage: spot=f(crude, exchange rate)

SR asvmmd 0.237 0.225 0.282 0.241 0.153
y L (3.841) (3.586) (4.749) (3.841) (2.347)
second stage: retail=f(spot)
SR asvmmd -0.275 -0.192 -0.198 -0.222 0.197
Y . (-4.100) (-3.304) (-2.846) (-3.448) (3.816)
-0.182
SR asymmd, - - (-2.696) -
single stage: retail=f(crude, exchange rate)
0.184
SR asymmd, - - - - (3.105)

Notes parametersai are the corresponding coefficients in equation),(W®erem=3 andx;=SP, x,=CR andx;=ER for the first stagem=2,

X=NR andx,=SP for the second stage=3, x;=NR, x;=CR andx;=ER for the single stage. For each parameter the atdrvalue and t-
ratio (in brackets) are reported. A “-“ in corresplence to theth lag (=1,2,3) indicates that the optimal number of lagjsli.
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Figure 1. Likelihood ratio test for the thresholdFrance (single stage)
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Figure 2. Heteroskedasticity-consistent Wald telStance (single stage)
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Figure 3. Likelihood ratio test for the thresholdtaly (first stage)
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Figure 4. Heteroskedasticity-consistent Wald telsaly (first stage)
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