N

N

Asymmetric and nonlinear pass-through of crude oil
prices to gasoline and natural gas prices
Ahmed Atil, Amine Lahiani, Duc Khuong Nguyen

» To cite this version:

Ahmed Atil, Amine Lahiani, Duc Khuong Nguyen. Asymmetric and nonlinear pass-through
of crude oil prices to gasoline and natural gas prices. Energy Policy, 2014, 65, pp.567-573.
10.1016/j.enpol.2013.09.064 . halshs-01022598

HAL 1d: halshs-01022598
https://shs.hal.science/halshs-01022598
Submitted on 7 Aug 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://shs.hal.science/halshs-01022598
https://hal.archives-ouvertes.fr

Asymmetric and nonlinear pass-through of crudewdes to gasoline
and natural gas prices

Ahmed Atil
ESC Rennes Business School, France
ahmed.atil@esc-rennes.fr

Amine Lahiani
LEO-University of Orléans, France
amine.lahiani@univ-orleans.fr

Duc K huong Nguyen"

IPAG Business School, 184, Boulevard Saint-Gerniéd06 Paris, France
Phone+33 (0)1 53 63 36 00 Fax: +33 (0)1 45 44 40 46
duc.nguyen@ipag.fr

"Corresponding author

Abstract

In this article, we use the recently developed inealr autoregressive distributed lags (NARDL) mod-
el to examine the pass-through of crude oil prinés gasoline and natural gas prices. Our approach
allows us to simultaneously test the short- andjdam nonlinearities through positive and negative
partial sum decompositions of the predeterminedaggtory variables. It also offers the possibitity
quantify the respective responses of gasoline amgral gas prices to positive and negative oileric
shocks from the asymmetric dynamic multipliers. Tixtained results indicate that oil prices affect
gasoline prices and natural gas prices in an asynmand nonlinear manner, but the price transmis-

sion mechanism is not the same. Important poligylications can be learned from the empirical find-
ings.
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1. Introduction

Understanding the pass-through of oil prices tooljas and natural gas prices is of para-
mount importance not only for energy policy deaisiaking but also for portfolio risk man-
agement and optimal hedging issues. Indeed, poictgese energy sources influence the lev-
el of capital expenditure of almost all economierstg and the incentives to promote alterna-
tive energy sources. Investors in energy marketgfind the tendency of the prices to adjust
to a certain relative price relationship or paasythe basis for a trading strategy. For example,
Brown and Yucel (2008) document that there was -4 t@lationship between the price of
one barrel of oil and the price of one million BTtksnatural gas in the 1990s but this relative
price relationship declined to a 6-1 ratio moreerdty as the oil and natural gas prices rise.
The empirical literature on the oil price pass-tigi is extensive and has started with studies
examining the relationship between oil prices drermacroeconomy. The study of Hamilton
(1983) shows that rising oil prices are responsibtenine out of ten of the U.S. recessions
since the Second World War, thus suggesting a ivegampact of oil price changes on U.S.
output growth. Most subsequent studies reach sirodaclusions and attempt to explain the
oil-economic growth nexus by the oil price pas®tigh to production cost, inflation expecta-
tion, monetary policy, and investor confidence .(eMprk, 1989; Hooker, 1996; Cologni and
Manera, 2008). There is also evidence to suggestxiistence of asymmetric and nonlinear
links between oil price and economic growth, eveough they become weaker in recent
years (e.g., Hamilton, 2003; Kilian, 2008; LardiedaMignon, 2008). Another major stream
of research has focused on how oil prices are dams¢o stock prices (e.g., Jones and Kaul,
1996; Sadorsky, 1999, Ciner, 2001; Arouri and Ngu®10; Aloui et al., 2012). These stud-
ies document both linear and nonlinear significafifécts of oil prices on equity prices, but
the sign and strength of the effects depend orstite of the market, the nature of the eco-

nomic sectors, and the oil-dependence profile efcitnsidered country.



A number of studies have recently investigated ghss-through of crude oil prices to the
prices of refined petroleum products and other codities. Most of them make use of a
cointegration approach and focus on the oil-gasofirice relationships. It has been docu-
mented that downstream prices tend to respond teases in upstream prices more rapidly
than their responses to decreases in upstreans pfibes asymmetric price interaction, initial-
ly discovered by Bacon (1991) as the “rockets aathiers” effects, then more or less con-
firmed by various studies (e.g., Borenstein etl#97; Bachmeier and Griffin, 2003; Chen et
al., 2005; Grasso and Manera, 2007; Blair and Re2@88; Meyler, 2009; Honarvar, 2009).
For example, Borenstein et al. (1997) report eviéethat gasoline prices adjust faster when
oil prices increase than when they decrease.

Several studies have investigated the price trassam mechanisms between oil and natural
gas, but most of them focus on the investigatiotheflinear relations between these prices
(e.g., Yucel and Guo, 1994; Asche et al., 2006laviand Joutz, 2006; Brown and Yucel,
2008; Hartley et al., 2008). In general, past figgdi indicate evidence of a stable long-run
relationship between the two prices as well agectonal influence from oil prices to natural
gas prices. For example, Villar and Joutz (2006WsHm their bivariate VEC models, that
a permanent shock of 20% in the WTI price leada &% increase in the Henry Hub price.
Brown and Yucel (2007) show, from an error-cor@ttmodel that the movements in crude
oil prices have a prominent role in shaping natgas prices when the weather conditions,
inventories and other additional factors are takémaccount. Two recent studies, Grégoire et
al. (2008), and Aloui et al. (2013), attempt to mlodhe nonlinear links between crude oil and
natural gas prices. While the former finds evideatextreme comovement of these prices
using Student-copulas, the latter relies on an extreme valuerthe copula approach and

documents the presence of extreme dependence onhgdhe bullish market phases. The



joint upward movements are typically explained hg simultaneous effects of increasing
industrial and economic activities.

This article examines how oil prices are asymmalisigpassed on to gasoline and natural gas
prices over both the short and long run. We exthedextant literature by making use of a
nonlinear autoregressive distributed lags (NARDIgdal which consists in a dynamic error-
correction representation allowing for the asymmetesponses of gasoline and natural gas
prices to crude oil price changes. Shin et al. 2@how that reliable long-run inferences can
be achieved by bounds tests regardless of theratieqg orders of the variables in the system
and that imposing either long-run symmetry or shont symmetry or both simplifies the
model to the traditional error-correction approach.

The investigation of nonlinear and asymmetric pricgnsmissions between these energy
commodities is motivated by both theoretical angieical insights. Indeed, most economic
and financial variables exhibit a nonlinear behawaeer time, and that they may interact with
each other in a nonlinear manner. This nonline&iabier of time series can be driven by,
among others, successive episodes of economic inadcfal crises (e.g., the 1997-1998
Asian financial crisis, the 2001 dot-com bubblegbuthe 2007 subprime crisis in the United
States, and the 2008-2009 global financial crisigls and extreme events (e.g., the 11 Sep-
tember 2001 terrorist attack, the Second Gulf wamfMarch 2003 to May 2003, and the
recent Arab Spring since 2010), geopolitical tensi@and sudden changes in business cycle
as well as the complexity of financial markets ioeld by the heterogeneity of economic
agents, the globalization, and the multiplicityregulations. All these factors may cause un-
expected changes in the behavior of economic arahdial time series, which particularly
induce structural breaks, asymmetric responsesitgs,nand leverage effects. Under these
conditions, the prices of crude oil, gasoline, aatural gas are likely to behave nonlinearly,

and their joint dynamics seem to be more complex thaimple and stable relationships.



Aloui et al. (2013) note several periods in whiclhunal gas prices deviate from their histori-
cal relationships with oil prices owing to partiauimarket conditions or the discovery of hy-
draulic fracturing. Serletis and Ricardo (2004)rekee the strength of shared trends and cy-
cles between crude oil prices and Henry Hub natyaalprices, and provide evidence to reject
the hypothesis of common and codependent cycleso Ase potential of nonlinear links be-
tween crude oil and gasoline prices, it is alsec#d by the structure of retail markets, which
depends on extraction, refinery and distribution ti@nother hand, the asymmetric responses
of gasoline prices to crude oil prices, which haeeome popular with the validation of the
“rockets and feathers” hypothesis by the majoritystfdies in the energy economics litera-
ture, are often explained by factors such as obgsiic behavior, inventory levels, produc-
tion lags, and market competition structure (eBacon, 1991; Borenstein et al., 1997; Al
Gudhea et al., 2007; Grasso and Manera, 2007)a3ymmmetric transmission between crude
oil and natural gas prices can arise from the tlaat the latter are not only substitutes, but
also rivals in consumption and production of otkeergy sources (Aloui et al., 2013). More-
over, the crude oil market responds more to glelsahomic, financial and geopolitical fac-
tors given its global nature, whereas natural gaep are more sensitive to regional factors
and affected by its own supply and demand disrupmhwcks (e.g., extreme weather events,
seasonality, and supply storage constraints).

Our empirical analysis, based on the spot priced/®f crude oil, gasoline, and Henry Hub
natural gas, provides evidence of short-run asymymetthe oil-gasoline price relationships
and long-run asymmetry in the oil-natural gas pradationships. Moreover, our results from
the best-suited models for each pair of commodityegrindicate that the impact of oil price
decreases on gasoline and natural gas pricesndicatly larger than that of oil price in-
creases. Our empirical evidence of asymmetric graoesmission between crude oil and gaso-

line prices is obviously similar to that of, amooifpers, Borenstein et al. (1997) and Chen et



al. (2005). However, we are able to show that thgrenetry is short-run and that it takes
about 8 months for the two prices to establishva eguilibrium state, given the dynamic ad-
justments of gasoline prices to negative and p@sihanges in oil prices.

The rest of the article is organized as followscti®a 2 introduces the empirical framework
and describes the data. Section 3 reports thenglataesults. Section 4 concludes the article.
2. Methodology and data

2.1 The NARDL model

It is now common that dynamic relationships betwi&hvariables can be reproduced via an
error-correction model — ECM (Granger, 1981; Eragid Granger, 1987; Johansen, 1988). In
its traditional form, the linear ECM specificatiovithout asymmetry in short- and long-run

dynamics takes the following form

p-1 gq-1
DY, = 1+ Py Y + Py W +Z a by, +Z/8| i, +& 1)
= i=0

In our study,wti, refers to the WTI oil prices, whilg, represents either the gasoline prices

or the natural gas prices. The symhalenotes the price variations. Even though the inade

Eq. (1) enables the investigation of the short- land-run relationships between price varia-
bles, it becomes impertinent when these relatigsshre nonlinear and/or asymmetric, which
is the case for crude oil, gasoline and naturalagase pointed out in the introduction. That is
why a nonlinear and asymmetric ECM is of greatrage We thus adopt the cointegrating

NARDL model of Shin et al. (2011) that allows fdrost- and long-run asymmetries. This

model uses the decomposition of the exogenoushlanti, into its positiveAwti,” and neg-

ative Awti, partial sums of increases and decreases such as

wtiy = Awti* =Y ma{awti, 0) andwti” =3 awti- = > min{awti, 0)
j=1 j=1 j=1 j=1



When the asymmetries in the short- and long-ruradyos are introduced into the standard
ECM, Shin et al. (2011) show that Eq. (1) is exthtb obtain a more general cointegration
model as follows

p-1 q-1
DY, = [+ P, Yy + Pl W,y + O W +§; aly,. +§( B D, +87 i) + )
The superscripts (+) and (=) in Eg. (2) denotepibstive and negative partial sums decompo-

sition defined above andq represent the lag order for the dependent vareindethe exoge-

nous variable in distributed lag part, respectivdlge long-run symmetry can be tested by
using a Wald test of the null hypothe#s =8~ with " =-g,,/ p, and 8 =-p,, / p,be-

ing the positive and negative long-run coefficiefiise short-run adjustment to a positive and
a negative shock in the price of oil is capturedtty parameterg™ and 3, respectively.
The short-run symmetry can equally be tested byguai standard Wald test of the null hy-
pothesisB” = B~ forall i =0,...,g- 1. The model in Eq. (2) reduces to the tradition@MEif

both null hypotheses of short-run and long-run swytmynare not rejected. The non-rejection
of either the long-run symmetry or the short-rumsyetry will yield the cointegrating

NARDL model with short-run asymmetry in Eq. (3) arndh long-run asymmetry in Eq. (4),

respectively.
o oty
Ay, =+ p Yt Py Wi, + ;aiAyt—i +_Z_(:)(:Bi Awti~; + 57 Awti, )+ & (3)
+ .4 _ . —_ p_l q_l .
Ay = U+ Py + Py W + P Wy + ;aiAyt—i +;)ﬁiA\Ntlt—i & (4)

When asymmetry is detected in the ARDL model (eithehe short run, in the long run or in
both), the asymmetric responses to positive andtnegshocks (i.e., positive or negative

variations of the WTI oil prices) are respectiveptured by the positive and negative dy-

namic multipliers associated with unit changesvin" and wti~ as follows



h
yt+
= —andm E —L with h=022,.. 5

whereh - o, my - 8", andm, — 8 by construction. Based on the estimated multiglier

one can observe, following a shock affecting th&tesy, dynamic adjustments from the initial

equilibrium to the new equilibrium between the systvariables.

2.2 Data

Our data consist of time series of monthly sposiclg prices for WTI crude oil, gasoline, and

Henry Hub natural gas. They are obtained from Bloerg and cover the period from January
1997 to September 2012. Commaodity prices are egpdes US dollars. Table 1 presents the
descriptive statistics for price series as welthasr stochastic properties. The monthly aver-
age prices range from $1.4360 per gallon for gasdlh $51.536 per barrel for crude oil. On a
monthly basis, the WTI oil and gasoline prices hetlteir maximum value of $133.88 and

$1.436 respectively in July 2008, while the highgestk in natural gas price ($13.420) is ob-
served in October 2005. All the series are poditigkewed and display significant excess
kurtosis, which means that they have fatter taild bnger left tails than a normal distribu-

tion. The Jarque-Bera test indicates the non-natynaf all the price series.

Table 1. Stochastic properties of commodity price series

Crude oil Gasoline price Natural gas

Mean 51.536 1.436 4.794
Maximum 133.880 3.292 13.420
Minimum 11.350 0.307 1.720
Standard deviation 30.152 0.831 2.410
Skewness 0.580 0.572 1.090
Kurtosis 2.274 2.117 4.248

JB 14.767 16.455 49.706

ZA -4.667 -3.615 -4.437

Notes: JB is the empirical statistics of the JarBeea test for normality. ZA is the empirical sstitts of the
Zivot and Andrews (1992) unit root test which iust to structural break§.™, and™ indicate rejection of the
null hypotheses of normality and unit root.

Table 1 also reports the results of the Zivot-Amgraunit root tests. The use of this test is
justified by the potential of structural changdhe price series over the study period which is
characterized by several episodes of crises andriant terrorist and geopolitical events. The
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obtained results indicate that the three priceesesire not stationary at the conventional lev-
els, and are thus appropriate for the applicatiche@NARDL model.

3. Results

We first estimate the specification models devetbpeEqgs. (1)—(4) for the oil price pass-
through to gasoline prices and natural gas priths.obtained results are reported in Tables
2-3 respectively. Wald tests are then conductegk#mmine the hypotheses of short-run and
long-run symmetry. The results from these testdiegpo the estimates of the NARDL mod-
el with short-run and long-run asymmetries indicttat the long-run symmetry cannot be
rejected for the oil-gasoline price relationshipst does not occur in the case of oil-natural
gas price relationships. The short-run symmetmgjscted by the Wald tests for oil-gasoline
case at the 5% level, but does occur for oil-ndtgas case. Similar conclusions are drawn
from the models incorporating either long-run orrgmon symmetry. The symmetric short-
run relationship between oil prices and gasolineegrcan be partially explained by the fact
that gasoline is derived from crude oil and thisdigtock accounts for more than 60% of the
cost of gasoline. This asymmetry may also come ftbenpublic’s discretionary spending
adjustments in order to keep the gasoline pricsest Nevertheless, the symmetric response
is expected over the long-run because the suppip®dline can be adjusted more easily. Dif-
ferently, the symmetric short-run link between @udl and natural gas prices can be ex-
plained by factors such as capacity conversioryrahgas-to-oil substitution, and different
costs of transportation justify.

Overall, these findings, consistent with the enggirevidence of the majority of past studies,
clearly suggest that linear models are misspecdisd thus do not provide the accurate fit to
the underlying data. Frey and Manera (2007) re\tevexisting empirical literature on price

asymmetries in commodities from 38 studies in teafneconometric models, type of asym-

! We are particularly grateful to an anonymous nereiefor these valuable suggestions.



metries and empirical findings. They find that hadfpast studies report evidence of asym-
metry, five of them document the symmetry and #maining studies report mixed results.
what follows, we detail the price transmission natbm for each case. Note finally that all
the models we use are correctly specified as tidual series do not exhibit ARCH effects at
the 5% level, except for the NARDL model with shiarh asymmetry for crude oil and natu-
ral gas. The non-normality of residual series iy édmund for the oil-natural gas case.

3.1 Pass-through of ail pricesto gasoline prices

Table 2 shows that the estimated coefficients lothal four symmetric and asymmetric pass-
through models are highly significant at the 1% &84l levels, thus indicating that the price
of crude oil is an important driver of gasolinegass. According to the AIC and SIC infor-
mation criteria and Wald symmetry tests, the NARBRRJ specification with short-run
asymmetry is the most suitable model for the ofledime casé.The results of the best-suited
model show that the long-run coefficient is pogt0.976) and significant at the 1% level,
indicating that oil price increases (decreases}e&dhe price of gasoline to move up (down).
Comparatively, the restricted symmetric model algdds a significant long-run coefficient
of similar magnitude (0.979), but definitively masthe short-run asymmetric effects of oll
prices on gasoline prices. We indeed find that@mporaneous increases and decreases in the
price of crude oil have a positive effect on gasslprices, while the one-period lagged
changes in oil prices are negatively passed threogiasoline prices. This finding corrobo-
rates the results of previous studies becausenigtgasoline prices respond asymmetrically
to oil price movements, but there is also a tenpekay in their reaction to changes in crude
oil prices. Over the short-run, the relationshipamen the two prices can be positive or nega-
tive depending on other factors that affect theolijas market. It is, for example, possible that

the gasoline market is facing an increase or deeréagasoline inventories. Borenstein and

2 The best model is the one that has the lowestaRi€SIC values.
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Shephard (2002) argue that refineries can adjsiptbduction of gasoline or the level of
gasoline inventory to change the supply and theepaf gasoline when crude oil prices
change, but these alternative adjustments may beoastly over the short period of time,
which leads to a temporal delay in the responggsbline prices to crude oil prices.

Taking the asymmetric effects into account, wethaein the short-run, an increase of 1% in
oil prices entails a cumulative increase of 0.488%asoline price and that a decrease of 1%
in oil prices leads to a cumulative decrease 033% in gasoline price. Overall, the empirical
findings reveal the price of crude oil as an imaottdriver of gasoline prices, reflecting the
fact that crude oil is the primary raw material dise derive gasoline as well as other refined
petroleum products such as heating oil and diagal They also suggest that oil price de-
creases are passed on to gasoline prices ovehdineran and more importantly than the oil
price increases. Our results are thus inconsistéhtthose of Borenstein et al. (1997) who
find no evidence of asymmetry in wholesale gasatiriees from an error-correction model
with daily spot gasoline and crude-oil price daterothe period 1985-1998. The results of
Chen et al. (2005) are also not supported by authey indicate that the observed asymmetry
in retail gasoline price transmission primarily o downstream of the transmission process
but not upstream.

3.3 Pass-through of oil pricesto natural gas prices

Although the price ratio between crude oil and ratgas has recently changed as compared
to its previous level, they still tend to comoveoiigh time. Their substitutes in consumption
and also complements as well as rivals in prodoatioother energy sources including elec-
tricity and heating oil may however induce compiechprice links than common expectations
of linear causality effects. The results of the WMasts for symmetries, reported in Table 3,
show that the NARDL(2,3) specification with longar@symmetry is selected as the best-

suited model for the oil-natural gas price caseh#specification allowing for both long-run
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and short-run asymmetries, most of the coefficiastociated with the short-run asymmetric
effects of oil prices are insignificant. The priaenatural gas is only affected by the contem-
poraneous change and the one-month lagged dedlitieeiprice of oil. The results of the

best-suited model indicate that natural gas pnieast more to oil price decreases than to oil
price increases in the long-run. It can clearlysben that an increase of 1% in the price of
crude oil causes natural gas prices to rise by72@4vhile a decrease of 1% in the price of
crude oil is associated with a fall of 1.666% itumal gas prices. These findings are also con-

firmed by those of the model incorporating bothrshand long-run asymmetries.
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Table 2. Estimation resultsfor ail price pass-through to gasoline prices

Symmetric ARDL NARDL with LR asymmetry NARDL with SR asymmetry NARDL with LR and SH asymmetry
gasoline,_; -0.314 gasoline ,_, -0.322 gasoline ,_; -0.3477 gasoline ,_; -0.359
(0.061) (0.062) (0.060) (0.061).)
Wi, 0.308" Wi, 0.303" Wi, 0338 Wi, 0.334"
(0.059) (0.060) (0.058) (0.058)
Agasoline,_; 0.183 Wi, 0.297 Agasoline ;_; 0.198 Wi, 0.327
(0.074) (0.060) (0.072) (0.059)
Agasoline _, -0.104 Agasoline,_; 0.184 Agasoline,_, -0.086 Agasoline,_; 0.198
(0.041) (0.074) (0.040) (0.072)
Awti, 1.060 Agasoline,_, -0.097 A\Ntit+ 0.739 Agasoline ;_, -0.078
(0.049) (0.041) (0.096) (0.041)
Awti,_y -0.183° Awti, 1.049" Awti;” 13257 Awti; 0.721"
(0.091) (0.050) (0.086) (0.097)
Constant -0.106 Awti,_; -0.176 At -0.256 Awti; 1.313
(0.021) (0.091) (0.115) (0.086)
Constant -0.119 AWt -0.230 At -0.262
(0.024) (0.123) (0.115)
Constant -0.095" AWt -0.207
(0.020) 1 (0.214)
Constant -0.112
(0.024)
L 0.979" Ly 0.939” Lwi 0976 L 0.932"
[0.000] [0.000] [0.000] [0.000]
Loi- 0.921" L i- 0.912"
[0.000] [0.000]
AlC -534.658 AlIC -533.719 AlIC -545.591 AlC -545.305
SIC -512.078 SIC -507.912 SIC -516.559 SIC -513.047
JB 3.009[0.222] JB 4.350[0.114] JB 2.263[0.322] JB 2.892 [0.235]
ARCH 6.357[0.273] ARCH 6.717[0.243]  ARCH 7.291 [0.120] ARCH 7.714[0.173]
WiR 1.031[0.311] W 8.906 [0.003] WiR 1.662 [0.199]
Weg 9.820 [0.002]

Notes: the SIC information criterion selepts 3 andg = 2 as the optimal lag length. We employ a gererapecific approach to select the final spectfass by fixing maxp = maxq
=5.1,+ and L .- indicate the positive and negative long-run ceedfits respectively. AIC and SIC are informatioitecia. JB and ARCH are the empirical statisticstaf Jarque-

Bera test for normality and the Engle (1982) testcbnditional heteroscedasticity, respectivelyg denotes the Wald test for long-run symmetry, whilgy refers to the Wald test for

short-run symmetry examining the hypothegj-r'“go1 " = Zip:"ol . in Eq. (3). Standard errors of the estimated coieffits are in parenthesis. Th&alues of statistical tests are in brack-
ets. Bold numbers indicate the best model.
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Table 3. Estimation resultsfor oil price pass-through to natural gas prices

Symmetric ARDL NARDL with LR asymmetry NARDL WitSR asymmetry NARDL with LR and SH asymmetry
NetGas1 _(%'%52?:1) NetGas-1 -?60(?268) NetGas-1 _(%'%522) NetGas1 -?(50(?218)
Wit (8'813) Wiy ?618474) Wi (8'813) Wiy ?61325)
ANaIGas (8:8%11*) Wiy ?(5:.[(;1528) ANAIGaS 4 (8:8;1;) Wiy ?bl.ge:sLO)
Awti, ?(')3%?5) ANatGas,_; (8.81712) Awti! ?65:917) ANatGas,_; (8'8%)
AWt -0.074 Awti, 0.3%4 Awti; 0.198 Awti 0.602
(0.120) (0.118) (0. 207) (0.231)
Al (%.21112) Arfls -8'11225) Aol (82322) At (82532)
consian (g.'c?gg) Atz (821111% Al igig%) Aoty (82228*)
Constant 0172 At 0.136 AWt -0.455
(0.053) (0.231) (0.216)
A, 0.350 At 0.171
= (0.204) = (0.227)
Constant 0.045 Awtic 0.189
(0.037) 2 (0.210)
Constant 0.150
(0.054)
Lo 0.208 L i 1.247" Lwti 0.211 Ly 1.320"
[0.510] [0.002] [0.497] [0.001]
> 10003 - %6788{1]
AIC -219.079 AIC -222.854 AIC -217.609 AIC -222.756
sIC -196.499 sIC -197.048 sIC -185.352 sic -187.268
JB 27.554 [0.000] JB 38.187 [0.000] JB 1.788 [0.409] JB 46.383 [0.000]
ARCH 2.386 [0.793] ARCH 2.315[0.804] ARCH 12.148 [0.033] ARCH 3.491 [0.625]
WiR 6.580 [0.011] Wer 1.723[0.191] WiR 8.122 [0.005]
Weg 3.427 [0.066]

Notes: the SIC information criterion selepts 2 andg = 3 as the optimal lag length. We employ a gererabecific approach to select the final specifarzs by fixing maxp = max q =5. L+
and L~ indicate the positive and negative long-run coédfits respectively. AIC and SIC are informatioriesia. Wi r denotes the Wald test for long-run symmetry, whilg; refers to the

Wald test for short-run symmetry examining the hplpeiszip:"ol i+ = Zip:"ol . in Eq. (3). JB and ARCH are the empirical statist the Jarque-Bera test for normality and thel&(p82) test

for conditional heteroscedasticity, respectivetyarlard errors are in parenthesis. Phalues of statistical tests are in brackets. Bmithbers indicate the best model.
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3.4 Asymmetric adjustment paths

The asymmetric adjustments from an initial long-equilibrium to a new long-run equilibri-
um after a negative or positive unitary shock difecthe crude oil market can be learned
from the dynamic multipliers. Figures 1-2 show predicted dynamic multipliers for the ad-
justment of gasoline and natural gas prices urgefdur NARDL specifications we consider.
The asymmetry curve depicts the linear combinatibthe dynamic multipliers associated
with positive and negative shocks. The positive aadative change curves provide the in-
formation about the asymmetric adjustment to peosiind negative shocks at a given fore-
casting horizon respectively. Lower band and upgerd for asymmetry indicate the 95%

confidence interval.

Figurel
Cumulative asymmetric adjustments of gasoline prices
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Figure2

Cumulative asymmetric adjustments of natural gas prices
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Overall, the shape of the dynamic multipliers chemgyhen short-run asymmetry or long-run
asymmetry or both are introduced in the model. @emmg the best-suited model for oil-
gasoline case (i.e., model with long-run symmetrg ghort-run asymmetry), the short-run
adjustment path shows a greater reaction of gaselirce to a unitary decline in the price of
oil. The cumulative price responses are negative sagnificant. The new equilibrium state
between the two prices is reached after 8 monthgaRling the oil-natural gas pair, the dy-
namic multiplier computed from the best-suited midde., model with long-run asymmetry
and short-run symmetry) provides strong evidenceegfative adjustment of natural gas pric-

es. The asymmetric oil pass-through is however pergistent over time and practically takes
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4. Concluding remarks

Appropriate energy policies usually require thextstgic development of alternative energy
sources and/or the adjustments of gasoline andatajas prices so that industrial activities
are the least affected possible by expected anaexpected price changes in the oil market.
This issue will have ramifications for the investmhelecisions of private firms as gasoline
derived from crude oil is used as an input to tfepction process and natural gas can serve
as a substitute for crude oil in consumption or potidn of other energy sources.

In this article, a nonlinear autoregressive distiglol lags model has been implemented to em-
pirically investigate the dynamic oil price passetigh. Our empirical framework helps dis-
cern the effects of strength of crude oil priceeeff§ with respect to their positive and negative
changes. Using spot prices of WTI crude oil, gasgliand Henry Hub natural gas, we find
that both gasoline and natural gas prices sigmfigaadjust to changes in the price of oil.
Moreover, asymmetric price reaction is observetheshort-run for the gasoline and in the
long-run for the natural gas. We interpret thissaslence that the gasoline price absorbs oil
price shocks more quickly that the natural gasepdoes, because crude oil constitutes the
main feedstock for the production of gasoline. @literences in nature between crude oil and
natural gas markets (i.e., global versus regioralkets) also explain this result. As natural
gas prices vary more with regional factors (eltge,demand characteristics of the market, the
region’s access to different supply basins, pigsliand storage facilities), the changes in oil
prices owing principally to global factors (e.gcoaeomic recession, financial crises, geopolit-
ical tension, and wars) are likely to affect naltgias prices over the long-run.

Another important finding is that negative oil shkedave greater effects than positive oil
shocks. The greater asymmetric impact of the deese@ oil prices can be attributed to
downward price expectation spirals that affect gascand natural gas prices during down-

ward economic conditions. This finding implies thhe share of consumer and producer
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budget devoted to purchase gasoline and naturasgasater in times of declining oil prices
than in time of rising oil prices. It is worth nog however that the impact of oil price in-
creases on gasoline prices should be more regfrbgwause gasoline prices come under scru-
tiny by the public authorities on daily basis, whieact to higher gasoline prices by reducing
its discretionary budget. To the extent that citgs experience substantial variations through
time owing to both expected (e.g., market stated roduction quotas) and unexpected
events (e.g., natural disasters, conflict, polittemsion and war), the results of this research
are crucial for policymakers to draw the nationa¢rgy outlook and for companies to hedge
the energy risk. The growing financialization of t@nmodity markets under consideration,
which manifests itself in increased volume of derixes trading and activity of financial and
institutional investors (e.g., commodity index fundedge funds and large investment banks),
also strongly urge financial actors to give heethoshort- and/or long-run asymmetric price
relationships. Typically, speculators may haverggeto adapt their trading strategies to the
complex oil-gasoline price links over the short-ram the reaction of gasoline prices to oil
shocks can be negative or positive, depending ersgiecific factors affecting the gasoline
market as well as on the government discretionpending adjustments. The asymmetry of
energy price adjustments also conveys valuable nmdton for commodity investments be-
cause financial herding during oil price decreas®s backwardation during oil price increas-

es are likely to become stronger in financializethmodity markets.
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