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Abstract

In this paper, we show the usefulness of the switching transition error correction model in reproducing the bilateral
linkages between oil and stock markets over the last three decades. Our findings show that while linear models fail to
apprehend significant relationships between oil and stock markets, the hypothesis of financial and oil markets
integration cannot be rejected using nonlinear cointegration models. More interestingly, this cointegration relationship is
represented by an on-going process partially activated per regime when oil price deviations move away from their
equilibrium with stock prices and exceed some threshold.
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1. Introduction

The long swings in both oil and stock prices ovwer itecent period have motivated researchers to
investigate the existing linkages between energy eguity markets. This exercise ultimately
allows to gauge the impact of stock market fludare on oil industry and inversely. A number
of studies have examined the relationships betvedegorice and macroeconomic variables and
found significant effects of oil price changes aomomic activity for several developed and
emerging countries (Cunado and Perez de Garci&; B#laz and Londarev, 2006; Kilian, 2008;
and Cologni and Manera, 2009). Moreover, some gapa@vide evidence that the link between
oil and economic activity is not entirely lineandathat negative oil price shocks tend to have a
larger impact on growth than positive shocks donfitan, 2003; Zhang, 2008; and Lardic and
Mignon, 2008).

There have been, however, relatively fewer studiesstioning the oil-equity price relation-
ships. To the extent that the value of a stock lsqtiee discounted sum of corporate expected
future cash flows which depend closely on changiragroeconomic events in response to oil
shocks, the study of oil-stock relationships hamewus implications for the management of
asset portfolios, especially those composed ofedéited product stocks. It is also relevant for oil
firms since little is known about the reaction dfroarkets toward financial shocks and crises.

For instance, the pioneering paper by Jones and {&96) investigates the short-run re-
sponse of major developed stock markets (the UB&,UK, Japan and Canada) to oil price
shocks by using the standard cash-flow dividendat&dn model. The authors find that, for the
USA and Canada, this response can be accounteshtioely by the impact of the oil shocks on
cash flows. Their results for Japan and the UK weogvever, inconclusive. Using an unrestrict-
ed vector autoregressive (VAR), Huang, Masulis 8tall (1996) show a significant link be-
tween stock returns of some American oil compaaigs oil price changes. Nevertheless, they
find no evidence of causal linkages between otgwiand market indices, such as the S&P500.
By contrast, when applying an unrestricted VAR WBARCH effects to US monthly data, Sa-
dorsky (1999) reports a significant relationshipween oil price changes and aggregate stock
returns in the USA. The author also points out thiafrice shocks have asymmetric effects
since negative oil shocks exert a greater impactock returns than positive oil price shocks do.
In a related study, Ciner (2001) provides evidethes oil shocks affect in a nonlinear manner
stock index returns in the US from using causaésts.

Studies on the oil-stock market linkages have beeently extended to the cases of major
European, Asian and Latin American emerging markite empirical results indicate a signifi-
cant short-run link between oil price changes amerging stock markets. For example, Pa-
papetrou (2001) shows from a standard VAR modéldharices play an important role in ex-
plaining equity price movements in Greece. Theralss evidence of significant impacts of oil
prices on emerging market returns from an inteomadi multifactor arbitrage pricing theory
model (Basher and Sadorsky, 2006). A nonlineatiogiship between oil and equity markets for
developed and emerging countries is also pointéthpdawadet al. (2010).

Overall, the previous findings are not clear-cuttloa relationships between oil and stock re-
turns. One should assign this divergence to théodeiogical drawbacks inherent with the line-
ar econometric techniques used in the majorityast [studies. More precisely, linear methods
appear to be not powerful enough to detect asynmsetind nonlinearities that may govern the
relationships between oil and stock market returns.

The objective of this article is thus to show tisefulness of the class of threshold cointegra-
tion models and particularly the Switching TrarmsitiError Correction Model in capturing the
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potential of nonlinear and asymmetric links betwe#rand stock markets. Using monthly data
for two major stock markets (USA and France) ad althe world oil price, our empirical re-
sults reveal that the considered oil-stock marlegtspare nonlinearly linked each other. Further-
more, this cointegration relationship is represgig an on-going process partially activated per
regime when oil price deviations move away fronirtkquilibrium with stock prices and exceed
some threshold.

The remainder of this article is organized as feioSection 2 briefly introduces the empiri-
cal method which will be applied to our oil andtalata. Section 3 describes the data and dis-
cusses the empirical results. Section 4 concludepaper.

2. Empirical Method

The introduction of nonlinearity in financial modeak justified by the existence of market fric-
tions such as information barriers, noise tradingnsaction and information costs, and market
segmentation. These imperfections may induce asymndiscontinuity and persistence in the
oil-stock price relationships. Accordingly, a nodar time-varying correcting mechanism such
as nonlinear cointegration models appears to be mygpropriate for reproducing all types of oil-
stock interactions as well as their adjustment dyos toward their long-term equilibrium rela-
tionship.

2.1 Nonlinear cointegration models

The nonlinear cointegration is recently developgd dmong others, Granger and Terasvirta
(1993), Balke and Fomby (1997), Escribanon andriP{a898), and Escribano and Mira (2002).
It extends the linear cointegration framework oa@yer (1981), Engle and Granger (1987), and
Johansen (1988), which assumes either the adjustimdre nonlinear and/or the cointegration
relationship to be also nonlinear.

Let X, andY, be two mixing processes when they are differenttihes, I (d). If the attrac-

tor is linear, but the convergence toward the doyuiim is rather nonlinear, theX, andy, are
nonlinearly cointegrated. The equilibrium is detires:

z=Y,~B,-B X (1)
where(8,, B,) refers to the cointegrating vector anis the disequilibrium error.

The nonlinearity is then introduced into Error Gation Models (ECMs) to develop the
NECMs (Nonlinear ECMs), and a bivariate nonlineacter ECM can be represented by

Py P2
AX, = Az, + Z ayAX  + Z a,AY,_; + AF (Zt—l) T Ey )
= =

. P2 P .
AY, = Az, + ) aubY  + Y aalbX + AZF(Zt—l) t En
j=1 i=1

where(A,, A1) and(A,,A) are respectively the linear and nonlinear adjustnerms for
X, andY, and F(.) is a nonlinear transition function.

Regarding the nonlinear transition function, Esanid (2004) suggests the use of a rational
polynomial function, a cubic function or the smanthfunction which obviously satisfies the
stability conditions. In this article, we developSavitching Transition Error Correction Model

! We focus in this paper on the first type of noaéin cointegration model (see Dufrénot and Mign@®22for more
details about the second type).
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(STECM) by using the smoothing transition functidimis model is advantageous in that it al-
lows us to capture the possibility of regime-switichbehavior in the oil-stock relationships.

2.2 The econometric specification of the STECM

The STECM belongs to the class of threshold conatégn models. Its statistical inferences were
recently examined by Franses and Van Dijk (20009, ¥an Dijk et al. (2002). This model is
highly relevant for empirical finance studies owtagtheir ability to take into account asymmet-
ric and discontinuous price adjustments. The STESpigifies different regimes with possibly
different adjustment processes across regimesJiegdb capture temporal paths of nonlinear
adjustment governed by smooth transition of regimred to account for a gradual adjustment
mechanism. It can be written as

q p
Ay, =a,+ Alzt—l+za],i Ay + Zaz,j AX, +A,2Z,,X F(Zt—d’c’y) t& 3)
i =

wherez.4, ¢ and y denote respectively the transition variable, tmeghold parameter and the

transition speed. The parametiestesignates the delay parameter defining the transiariable.

The transition function may be either logistic a€quation (4) or exponential as in Equation
(5). Depending on the transition function speciima we obtain either a LSTECM or an ES-
TECM.

Fz..cp)=lrexd-y (2., - )" @

F(z_,.cy)=1- exr{— y (z., —c)z} (5)

While the logistic function is often applied to taye nonlinearities in macroeconomic time
series, the exponential function is rather pretefor financial data (Jawadi and Prat, 2009). In
practice, the estimation of a STECM is carriediawgeveral steps including (i) specification and
linearity tests; (ii) estimation by the nonlineaast square method; and (iii) validation and mis-
specification tests (Van Dijét al., 2002).

3. Data and Empirical Results
3.1 Data

This study uses monthly stock returns for US anehéln stock markets over the period from
December 1987 to March 2008. The stock market @xdare from Morgan Stanley Capital In-
ternational (MSCI) database, while the world oicps (West Texas Intermediate) are obtained
from the US Energy Information Administration. Alata are expressed in US dollars. Returns
are computed by taking the difference between digarithms of two consecutive prices. De-
scriptive statistics of return series are computed, they are not reported to conserve spaces.
The results globally show that all return seriespliily significant asymmetry and departure from
normality, which is indicative of possibly nonlirrgarice adjustments over time.

3.2 Linear adjustment tests

We need to establish the stationarityzoin order to test the hypothesis of linear coirgign
between oil price and stock market index for sel@@ountries. The stationarity afimplies that
oil and stock prices are at least linearly coirdégnl and that both markets are interdependent.
Following the two-stage procedure of Engle and Gear(1987), we begin with testing the
stationarity hypothesis for all studied series.nggsihe ADF test of Dickey and Fuller (1981) and
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that of Phillips and Perron (1988), we prove thatsaries are(1).? Second, we estimate the
long-run relationship described by Equation (1)d&notes the stock price and andl¥signates
the oil price- and test the null hypothesis of momtegration. The results are reported in Table 1.
The hypothesis of linear cointegration is not regddor all the countries studied at the 5% level,
implying that oil and stock markets are at leas¢dirly linked. This result is in line with that of
Lardic and Mignon (2008) who also suggest signifidinkages and asymmetric cointegration
relationship between oil prices and GDP.

Table 1. Linear cointegration test

Test parameters France USA

& -1.25 0.09
(-4.33) (0.31)

& 0.66 0.49
(15.6) (10.8)

R 0.50 0.32

ADF -4.11 -3.16

Notes: Values between brackets are the t-ratindicates that the null hypothesis of stationaistyejected at the
5% level.

Note that oil and stock prices are, according ®ADF test results, linearly mean reverting,
but any nonlinear forms of price adjustment dynanmscypically neglected by the said test since
the latter seems to be not powerful enough for éxiagy the stochastic properties of series gen-
erated by nonlinear processes (Taybal., 2001). Besides, these tests, based on lineaifispe
cation, may not be able to reproduce the possiemetry and nonlinearity characterizing oil
price dynamics. This fact justifies why nonlinedjustment tests are more powerful and relevant
in checking for the presence of nonlinearities.

3.3 Nonlinear adjustment tests

Nonlinear adjustment tests developed by LuukkomehZaikkonen (1988) are carried out to test
the null hypothesis of linearity in Equation (2)aatst its nonlinear alternative in Equation (3).
To do so, we first specify the LECM and determihe appropriate number of lags using the
commonly used information criteria (AIC, and Bl@)e Ljung-Box (1978) test for serial corre-
lation and the autocorrelation function. These Hjpation tests lead to retaip = 1 as optimal
lags for all studied countries. Next, we test ihedrity hypothesis by testing the null hypothesis
of the LECM against its ESTECM counterpaiccording to Terésvirta (1994) and Van Dgk

al. (2002), the linearity hypothesis is tested foresal values of the delay parametewnhich
governs the transition variable. As we use montlalta and assume a maximum of 6-month de-
pendence between considered variables, the plaugblies ofl belong to the following set: 1,
2,3,4,5,and 6.

Two Lagrange Multiplier tests (LMand LM;) which follow y°[2(p+1)] andy*[(4(p+1)] dis-
tributions respectively. The obtained results ib[€&2 show that the linearity is rejected for sev-
eral plausible values af. The rejection is particularly stronger = 1 for both France and the
USA. Overall, the rejection of linear adjustmenpbthesis implies a rejection of the hypothesis
according to which the price adjustment is symrogelimear and with constant speed. In addition,

2 The results of unit root tests are given upon esgto the corresponding author.

3 LECM and ESTECM refer to the linear error-correstmodel and exponential smooth transition erroremion
model respectively. The second specification alléevsnonlinearities in the price adjustment processard equi-
librium.
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the oil price adjustment is nonlinear and its dyrmanms nonlinearly mean-reverting toward the
equilibrium of the stock markets in the USA andrféa Further, the acceptation of nonlinearity
provides evidence of an asymmetric cointegratidatimnship between oil and stock prices,
meaning that the linkages between these marketdmatrongly activated when prices are high-
ly increasing or decreasing.

Table2. Linearity tests

d LM statistics France USA
d=1 LM, 0.04 0.0T
LM, 0.03 0.03

d' =2 LM, 0.04 0.09
LM, 0.09 0.13

d=3 LM, 0.14 0.06
LM, 0.07 0.13

d=4 LM, 0.23 0.12
LM, 0.11 0.08

d=5 LM, 0.12 0.21
LM, 0.13 0.33

d=6 LM, 0.22 0.32
LM, 0.31 0.43

Note:" indicates the rejection of the linearity at 5%.

These stylized facts suggest that the ESTECM cbaldery useful to model the nonlinearities
characterizing the oil price adjustment dynamics.

3.4 ESTECM estimation results

As in Michaelet al. (1997) and Van Dijlet al. (2002), we begin with the estimation of the
LECM using the OLS method to initialize the ESTE@srameters. The estimation of the ES-
TECM is then straightforward. The parameters ofékponential functioryandc are also ini-
tialized by trying various starting values. Our énggal results show several important findings.
First, most estimators are statistically significkor France and the USA, and show strong evi-
dence of nonlinear relationship between stock ahtharkets. More particularly, both the cur-
rent and lagged stock returns affect the oil madkedrt-term adjustment dynamics negatively
and significantly, suggesting that both marketsagpgori integrated.

Second, the estimated transition speed is relgtivigh for the two above-mentioned coun-
tries. The significance of and ¢ at conventional levels confirms the choice of éxponential
function.

Third, the major parameters of the ESTECM &nd A,) have appropriate signs. The adjust-
ment term in the first regimé,; is positive and not significant, implying that tbi price could
deviate from the stock price equilibrium and stasag from it for a long period. The adjustment
term in the second regim® is rather negative and strongly significant, irdiicg that for large
deviations the oil price would be nonlinearly meawerting. Obviously, the oil price reacts
asymmetrically to stock price shocks accordinghigigns of adjustment values in two different
regimes. Moreover, the negativity of the sufa € A,) suggests a nonlinear mean-reversion in
the oil price for France and the USA with respecstock market deviations. What is also im-
portant to note is that our findings confirm thegence of two regimes characterizing the oil
price dynamics: a “pure chartist regime” accordimgvhich the oil price adjustment is essential-
ly governed by its previous tendencies and a “stoakket follower regime” according to which
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the adjustment is more activated and accordinghiciwintegration between oil and stock mar-
kets is statistically very strong.

Table 3. ESTECM estimation results

Coefficients France USA
ESTECM (1,1) ESTECM (1,1)
Qo 0.012 (2.20) 0.008 (1.57)
A 0.25 (1.42) 0.18 (1.61)
an 0.22 (3.40) 0.20 (2.92)
axn -0.19 (-1.94) -0.38 (-3.12)
A -0.28 (-2.57) -0.20 (-1.99)
y 17.97 (2.52) 79.63 (2.75)
c -0.11 (-1.83y 0.40 (18.58)
ADF -11.08 -10.07
ARCH? 0.11 0.51
JB 0.11 0.08

Note: () and (') designate respectively the statistical signifaat 5% and 10%. (a) and (b) designate respegtivel
the p-values of the ARCH and normality tests. Valbetween parentheses are the t-ratio.

To show the existence of these regimes more ellpligie plot the estimated transition func-
tion with respect to the transition variable in dfig 1 which enables us to explain the oil price
behavior in each regime and to determine its reacnd adjustment speed after each stock mar-
ket correction.

Figure 1. Transition function of oil price adjustment dynamics
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7 P 85— 5B BB B0 mun R
%% ﬁﬂ/ﬂ ] 1 é]

&

Transitign Function

Jransitian Fune,
s
-
=

rd
‘\

T
12 08 04 00 04 08 12
Transition Variable

12 08 04 00 04 08
Transition Variable

Figure 1 shows that an exponential function seenisetmore appropriate for explaining the
oil-equity relationship in the USA and France. Buoz latter, we clearly identify a central regime
and two upper regimes. In the central regime, thprize deviations are lower, the adjustment is
absent and the price can deviate from the equilibriOil price deviations are close to the unit
root in this zone. However, in the upper regimesemvdeviations become more important, the
adjustment is activated and its convergence speadadses according to the size of oil price de-
viations. This also confirms that the oil price asaasymmetrically to any stock market correc-
tion or shock.

The fact that transition function approaches uaitg remains in the upper regime further in-
dicates that the oil price adjustment for France #re USA is activated for a long period and
that it is nonlinearly mean-reverting with an adijosnt speed that increases with the size of the
deviation from equilibrium. Indeed, the oil pricayundergo some short-term disruptions, but it
shares some similarities with the stock marketigpprties in the long term. The oil price and
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stock market may thus tie steady relations whialiveoge toward an equilibrium for which the
adjustment dynamic is nonlinear.

4. Conclusion

In this paper, we check the oil-stock market relaghips in a linear and nonlinear framework.
Our findings show strong evidence of a significaablinear cointegration relationship between
the oil and stock markets for France and the US#fe ESTECM modeling is appropriate to the
reproduction of the oil and stock price adjustmg@yriamics. Another important empirical find-
ing concerns the specification of two distinct piice regimes: a “pure chartist regime” for
which the oil price adjustment is determined bypitsvious tendencies and a “stock market fol-
lower regime” for which the adjustment is more aated.

More interestingly, the oil price is nonlinearly amereverting toward the stock market equi-
librium with an adjustment speed that increasesraatg to the size of the disequilibrium. The-
se results may also explain the alternation ofkstowd oil crises and the “co-movements” be-
tween oil and of stock prices. To conduct furtreserarch on this issue, it would be interesting to
extend this study to another important group ofellgyed and emerging countries and to gener-
alize these nonlinear modeling techniques to aivauiite framework.
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