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1. Introduction

Theoretically, oil price changes may affect ecoroattivity and financial markets through
various channels. Hamilton (1983), Jor¢sl. (2004), and Gogineni (2010), among others,
show that oil price fluctuations may have effectstbe basic production input availability
and investment costs (supply-side effects), ontdhms of trade and wealth transfer from oill
consumers to oil producers, on the firm’s produtstructures and unemployment, on mone-
tary policies, interest rates and inflation, andocomsumption opportunities, costs and con-
sumer demand and sentiment (demand-side effectsledver, not all the economic sectors
respond similarly to the changes in oil prices @®e sectors may be more sensitive to these
changes than the others. In particular, oil privey affect several companies in certain sec-
tors from the supply side but the others from tkendnd side. A sector’s sensitivity to oil
prices depends on whether oil serves as its inpoutput, its exposure to indirect oil price
effects, competition and concentration, and itsacdp to absorb and pass on the oil price
risk to its consumers. Therefore, the supply-siteé @emand-side dependence on oil can be
used to categorize sectors as oil-intensive andorfdntensive, and to better understand the
effects of oil price changes on stock return dymamacross sectors (Lee and Ni, 2002;
Gogineni, 2010).

The empirical relationship between oil prices anmdcls sectors has been recently
examined by several studies. Sadorsky (2001) angBand Filion (2007) show that oil
price increases positively affect stock return€ahadiarOil & Gas companies. EI-Sharé#t
al. (2005) focus on th®il & Gas sector returns in the United Kingdom and reachlam
findings. Their results also point to a weak lirdtyeen norQil & Gas sectors and oil price
changes. Using data of thirty-five global industrislandha and Faff (2008) provide evidence
that the rise in the price of oil has a negativeaiet on all industries but n@il & Gas. The
results of Nandha and Brooks (2009) suggest thahgds in oil prices are an important
determinant for stock returns of the transport@scin developed countries of their sample,
but not in the Asian and Latin American countriégre recently, Arouri and Nguyen (2010)
investigate the links between oil prices and twedt@ck sectors in Europe. They show that
the reaction of sector returns to changes in aglegris sensitively different across sectors and
that the inclusion of the oil assets into a portfaf sector stocks permits to improve the
portfolio’s risk-return characteristics.

The issue of volatility transmission between oilcps and stock sectors receives,
however, little attention, while it is crucial foportfolio diversification, energy risk
management, and specific-sector energy policy astim the present study we attempt to fill
in this gap by examining how volatility is transted from oil market to U.S. stock sectors
and from U.S. stock sectors to oil market overghaod 1995-2010. We also draw practical
implications for optimal portfolio designs in theegence of the oil risk and policy actions
which permit to improve the well functioning of etyusectors. Unlike many previous studies
which have looked at oil-stock return and volatikipillovers at the market-wide level (e.g.,
Malik and Hammoudeh, 2007; Park and Ratti, 2008i@nd Hammoudeh, 2010), a sector
investigation is of particular importance becauseould allow us to better understand the
dynamics of different industries in response topsite movements as well as to avoid the
compensation effects owing to the use of aggregatdet indices. The purpose of our study
is directly related to that of Malik and Ewing (Z)Owho investigate volatility spillover
between oil prices and five US equity sector inslic&/e differ however from them in three
main aspects. First, we consider a broader rang#ook sectors, provided by Standard &

! Malik and Ewing (2009) consider the following USow Jones equity sectorSinancials Industrials Con-
sumer Service$lealth Care andTechnology
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Poor’s, over a more recent period. This choice #nables not only the comparison of our
empirical results with theirs, but also the betiederstanding of the oil-stock links during
periods of important oil price variations, essdhtigince the 1997 Asian crisis. Second,
instead of using a bivariate BEKK-GARCH model ofglnand Kroner (1995) as in Malik
and Ewing (2009), we take a bivariate VAR-GARCH aeh which allows for direct return
and volatility cross effects between oil and sectiurns. Finally, we analyze the optimal
weights and hedge ratios for oil-stock portfoliddiogs and show how empirical results can
be used to build effective diversification and hiedgstrategy.

We mainly find evidence thait} conditional volatility significantly spills ovefrom oll
market to stock sectors. The volatility transmiesadso runs from stock rectors to oil market;
i) the sensitivity of sector returns to oil shocksi@s across sectors of activity) investors
can hedge the risk of their portfolios of stockshvthe oil asset and improve the risk-return
trade-off of the oil-stock portfolios by investifiggm 53.5% to 63% of their wealth in the oil
asset.

We organize the remainder of the article as follof&sction 2 introduces the VAR-
GARCH model. Section 3 presents the data used medsses empirical results. Section 4
concludes the article.

2. The modé€

The multivariate VARMA-GARCH model of Ling and Mcé¢r (2003) generalizes the vec-
tor autoregressive moving average (VARMA) procesghe case where model’s errors are
allowed to follow some multivariate GARCH represdiuns. However, due to the lack of
theoretical contributions on the statistical projsrof VARMA-GARCH with dynamic con-
ditional correlations, the multivariate CCC-GARCldpresentation of Bollerslev (1990)
where correlations between system shocks are adstortge constant is frequently used to
ease the estimation and inference procedure.

In this paper we employ a bivariate VAR(1)-GARCH(1{o explore the volatility
spillovers between oil and sector retufriset Y, denote the vector of stock sector returns

(r°) and crude oil returnsr(), and H, the conditional variance-covariance matrix of tae
turn processes, the VAR(1)-GARCH(1,1) model casexified as

Y=g, +e
Hl

£=H"7, n ~iidO1) (1)
H =W+Ag_ +BH,_

where ¢ = (% %) and & = ((as)z,(ef)z). W, A and B are (2x2) matrices with typical el-

ementsw, @ andf. To guarantee stationarity, the roots of the éqoat, — AL-BL =0 must
be outside the unit circle, whekeis a lag polynomiall, is a (2x2) identity matrix. By con-
struction, the conditional variance of the stocktse(h’) depends not only on its own past
volatility and return residuals, but also on tha$e¢he oil market. Inversely, the oil's condi-
tional variance ) is affected by its own past volatility and retussiduals as well as by
those of the stock sector. This particular feathues allows for the direct transmission of vol-

2 This model has been found to satisfactorily capthe empirical stylized facts of conditional vdist of vari-
ous financial variables including crude oil retyrstock returns and exchange rate returns (seeg, Hagn-
moudehet al, 2009; 2010).
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atility from one market to another. Lgt be the conditional constant correlation, the condi
tional covariance is defined as

h* = p(h)™ ()™ (@)

Note that if A and B are diagonal, the system (1) reduces to the CC&GA model
of Bollerslev (1990). To estimate the vector of mown parameters, we use the quasi-
maximum likelihood estimation (QMLE) method whichrobust even in case where the re-
turn series are not normally distributed.

Once the VAR(1)-GARCH(1,1) is estimated, we can theeobtained conditional vari-
ance and covariance series to compute the optireajhts and optimal hedge ratios of a
hedged portfolio. Formally, let's consider a hedgexdtfolio composed of oil and stocks. A
stock investor should have interest to hold thidgeel portfolio if investing inthe oil asset
offers substantial diversification benefits. Pugtidifferently, the said investor wishes to
know the proportion of wealth he must invest in tilemarket in order to minimize the risk
of his stock portfolio without reducing its expettteeturns. Kroner and Ng (1998) show that
the optimal weight of oil asset\(, ) in a one-dollar oil-stock portfolio is given by

w o= 3)
! ho _ Zhos + hs
and,
0 if w, <O
w, =sw_, if Osw <1
L if w >1

ost

Optimal hedge ratios for the above oil-stock hedgedfolio can be determined as fol-
lows (Kroner and Suktan, 1993)

g =l @)

ho
The risk of the hedged portfolio is minimal if antpposition of one dollar in the stock
market sector at the tintés hedged by a short position gf,, dollars in the crude oil mar-
ket, through for example selling oil futures contga The lower the hedge ratio the higher is

the degree of hedging effectiveness because dbtheosts incurred in the hedging opera-
tions.

3. Data and results

3.1 Data

Our sample includes daily index data for eight kteectors in the United States (S&P sector
indices), obtained from the Datastream Internatiatedabase, over the period January 2,
1995 to December 17, 201Gonsumer Staplegnergy Financials Health Care Industri-

% The optimal weight of the stock market index ia tonsidered portfolio is thud & W_ ).

os;t
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als, Materials Telecom ServicesndUtilities. We also consider the S&P 500 index in order
to compare the empirical results for stock sectats those for market-wide level. The WTI
(West Texas Intermediate) crude olil price, takemfthe Energy Information Administration
database, is used to represent the performandeeadit market. All data are expressed in
U.S. dollar and returns are computed by takingdifference between the natural logarithms
of two consecutive index prices.

Descriptive statistics and stochastic propertiesetfrn series are presented in Table 1.
The S&P 500 index has the highest return over theéysperiod (0.055%), followed by the
Health Care sector (0.044%) and the WTI crude aitkat (0.039%). The oil market experi-
enced the highest unconditional volatility, meadul®y the standard deviation (2.508).
Among the stock sectors, unconditional volatilignges from 1.011Gonsumer Staplg¢go
2.017 Financialg.

Almost all the return series are negatively skewed, exceptions beingelecom Ser-
vicesandUtilities sectors. Excess kurtosis is highly significantdtrthe return series, indi-
cating that return distributions have tails fattean those of normal distributions. The Jarque-
Bera test for normality shows evidence of the deeparfrom normality whatever the series
considered. Results from the Ljung-Box test indidaiat serial correlations are highly signif-
icant. Finally, we find strong evidence of ARCHaeaffs for all series considered, which thus
supports our decision to employ a GARCH modelingrapch to examining volatility trans-
mission between oil and stock markets.

The unconditional correlation of oil and stock resivaries substantially across indus-
tries from -0.015 Qonsumer Staplg¢go 0.373 Energy. This finding suggests that there
should be diversification benefits from adding tlileasset into the portfolios of sector stocks.

3.2 Empirical results from VAR(1)-GARCH(1,1) model

Table 2 reports the estimation results of the liwaVAR(1)-GARCH(1,1) models for
the nine oil-stock market pairs, of which theraimodel at the aggregate market level. We
first find that lagged stock returns significanéiffect their current values in three out of nine
casesnergy Financials andHeath Car¢. More interestingly, they have significant predic
tive power for crude oil’'s future returns in sewart of nine cases. The exceptions include the
Financialssectors and the aggregate stock market. Wheneeestatistical link is significant,
it is positive, which means that increases in lalgg@®ck returns are indicative of higher oil
returns. This finding is consistent with the vidvat increased performance in stock markets
leads to higher oil prices, and thus higher holdmegod returns. Neither sector returns nor
market-wide returns are influenced by lagged duines. The latter only have significant im-
pact on the current values of oil returns in tHenarket (S&P 500) model.

Second, the results indicate the suitability of GZR1,1) model for modeling oil and
stock return volatility since the estimated coedints of the conditional variance equations
are statistically significant in most cases. Thigability is also confirmed by the results of
the specification tests applied to the estimataddsrdized residuals, in the sense that both
autocorrelations and ARCH effects are no longesgme More concretely, stock sector’s

conditional volatility is a function of both its ewpast volatility {1’,) and unexpected return
residuals(ejl)z. Similar findings are found for oil’s volatilityirsce the past volatilitylf’,) and

unexpected shock(s&;‘il)2 play a significant and important role in determgnthe current con-

ditional volatility. The only exception is the vtilay model for the S&P index where stock
market volatility is significantly affected only bs own past volatility.
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Third, the findings regarding the volatility transsion offer several intriguing facts. At
a glance, the conditional volatility of the U.Soat market as a whole is influenced by neither

past volatility (h°,) nor past shockée’,] in the oil market, but it does have some signiftca

impact on the oil's conditional volatility. A shocdfecting the stock market volatility thus
leads to increase the oil market volatility.

The results for the volatility transmission betwe@ansumer Staplesector and oll
market show some evidence of significant directtilily spillover effects. Past oil shocks
significantly affect the sector’s conditional valiay at the 1% level. This finding is not unex-
pected because oil price changes may drive upah@ngs variability of consumer services
companies, and thus the volatility of their stoekurns. Inversely, oil’'s conditional volatility
is driven by past volatility of stock sector retsridere, higher volatility of the stock sector
resulting from changes in consumers’ budget focpases of goods and services would raise
the volatility in the oil market, due particulatyg unpredicted modifications in the level of
demand for oil from th&€onsumer Staplesdustry. Our results are consistent with those of
Malik and Ewing (2009), based on the Dow Jones wmes services sector index.

As to oil-energy model, there is only evidence uggest the transmission of volatility
from energy stock sector to oil market through slgmificant effects of unexpected stock re-
turns at the 1% level. On the other hand, oil'satibty does not spill over into energy stock
sector. This finding is somewhat surprising givieat theEnergysector includes important oil
and gas companies. One potential explanation dmilthe implementation of effective hedg-
ing strategies by energy companies with respetttemil price risk. Another explanation may
come from the US legislation regarding the abidtifyoil companies to pass higher oil prices
into the consumers.

The oil-financials sector model shows that volgtitransmission runs from stock sector
to oil market. Both past unexpected changes andvpéeility in theFinancialssector lead to
increase the oil’s volatility at the 1% and 10%sdksy respectively. This is consistent with the
view that the performance éfinancials sector provides a signal for the level of producti
activity, and thus degree of oil demand of othelustries. Malik and Ewing (2009) reach a
conclusion similar to ours according to which fineh market stability is fairly decoupled
from the shocks affecting the oil market.

The transmission of volatility between oil akttalthcaresector is bi-directional. On
the one hand, we find a significant impact of opast volatility on the current volatility of
the Healthcaresector. This result suggests that this sector aeggnd directly on oil prices as
some medicines are made from petroleum as wetidigectly via its links to overall econom-
ic uncertainties, created by oil price fluctuatio@ the other hand, our results indicate that
past changes and past volatility in tHealthcaresector play a crucial role in explaining the
volatility of oil return, which is not consistentitw what is found in Malik and Ewing (2009).
To the extent that healthcare products are lessitsento the economic cycle, the rise in the
volatility of this sector would inform us of badrtes in stock markets, which in turn raises the
volatility of oil market owing to unexpected chasgde oil consumption.

The results for the oil-industrials model contailoteof interesting insights. Stock sector
volatility reacts significantly to past volatilityf the oil market. Spillover effects from stock
sector to oil market are however more pronouncedilagolatility is strongly impacted by
past news and volatility in the stock sector. Timsling is indeed not surprising given that
companies that operate in thedustrials sector are major consumers of oil-related products
The lesser sensitivity of stock return volatilitythat of oil may result from effective hedging
strategies with respect to the oil concerns.
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Our results foiMaterials sector indicate that the conditional volatility thiis sector is
not affected by return and volatility shocks in themarket. Inversely, stock volatility signif-
icantly spills over into the oil market. Taken ttlygr, these findings suggest that Materi-
als sector seems to have implemented risk managertratéges more effective than thre
dustrialssector to hedge against oil price fluctuations.

We note, from the model for oil afd@glecom Servicesector, that volatility spillover ef-
fects are significant in both directions, from wihrket to stock sector as well as from stock
sector to oil market. To the extent that the penmmce of companies in tAielecom Services
sector is closely tied to overall performance bb#her economic sectors, high oil prices lead
to greater uncertainty about demand for the pradaod services they offer to the market,
which in turn make their stocks riskier. The abfimeing clearly requires the implementation
of hedging strategies against oil price increases.

Similar to the case of oil and thedustrialssector, the results of the oil-utilities model
point to the existence of bi-directional volatiligpillovers: oil volatility is significantly
impacted by both past residuals and volatility e stock sector, whereas the volatility of
Industrials sector only depends on past oil volatility. Thesetved links are perfectly
understandable given that oil is an important irffputheUtilities industry.

It is finally worth noting that the weak values thie constant conditional correlations
(CCC) between oil and stock markets suggest pateditiersification gains from adding the
oil asset into portfolios of stocks. Moreover, iI€CC coefficients with oil market returns
are negative@onsumer Stapleginancials andTelecom Servicgsaand two coefficients are
not significant HealthcareandIndustrials sectors) suggesting higher diversification berefit
for these sectors.

We report, in Table 3, the average values of optweaghts of oil in the oil-stock port-

folio (w,,,) and optimal hedge ratiog3(,, ). The results suggest that investors should invest

53.5% of their wealth in oil asset, and the remmaj6.5% in the S&P 500 market index to
minimize the risk of the resulting composite pditfavithout lowering its returns. For portfo-
lios of oil and stock sectors, the optimal weightésy on average from 54.3% f@onsumer
Staplessector to 63.0% fandustrialssector. It is also important to note that optinvaights

of the oil asset vary considerably over time, asashin Figure 1. In particular, they reached
some peaks during periods of financial crisis amtiulences such as the Mexican peso crisis
of 1994-1995, the Asian financial crisis of 199@&9and the recent global financial crisis of
2007-2008. Altogether, these findings are consistgth the view that investors holding as-
sets in the United States should have more oil Htacks in their diversified portfolios and
that oil asset may represent a good hedge agamsisk of stock investments during times of
turmoil.

Figure 1
Time-varying optimal weights of oil in an oil-stoglortfolio
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The low values of the optimal hedge ratios suggestluable hedge opportunity in the
U.S. stock sectors. For example, a hedge ratio.2B20implies that one dollar long in the
S&P 500 index should be hedged by a short posafd8.2 cents in the crude oil market. For
stock sectors, the optimal hedge ratios range Ddii4 Healthcarg to 0.262 Energy. Ac-
cordingly, we see that the most effective strateghedge thddealthcaresector stock risk
exposure is thus to take a short position in ks

Table 3

Portfolio optimal weights and hedge ratios
Portfolio W B
S&P 500 index/oil 0.535 0.282
Consumer Staplésil 0.543 0.116
Energyoll 0.599 0.262
Financialdoil 0.573 0.028
Healthcardoil 0.604 0.004
Industrialgoil 0.630 0.005
Materialgoil 0.582 0.055
Telecom Servicesil 0.579 0.012
Utilities/oil 0.626 0.037

Notes: The table reports average optimal weigltilaind hedge ratios for an oil-stock market pdiafoOil asset is represented by the WTI
crude-oil index, while investment in stocks is eaEmted by either the S&P 500 market index or eéefght U.S. sector indices.

Overall, our findings show evidence of significindirectional volatility spillovers be-
tween oil market and eight considered stock secidre reaction of stock sector volatility to
shocks affecting the oil market varies across seaepending on their characteristics, espe-
cially their degree of dependence on oil. Whantsriesting to note is that the volatility spill-
overs are more apparent from stock sectors to afket in most of the cases. These findings
may reflect the different degrees of effectivenesth which companies in various sectors
manage their oil risk. The analysis of optimal vikggand hedging ratios highlights that add-
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ing oil into a diversified portfolio of stocks ireases the risk-adjusted performance of the re-
sulting portfolio.

4. Conclusion

In this article we investigate the volatility transsion between oil and stock sectors in the
United States. Empirical results from bivariate VARGARCH(1,1) models over the period
1995-2010 indicate significant volatility spilloveffects, with the volatility transmission be-
ing more apparent from stock sectors to oil markaerefore, to better forecast stock market
volatility and make appropriate investment decisjanvestors should watch closely on the
fluctuations of oil prices. The results also suggbat, in order to improve the risk-return
characteristics of their portfolios, investors sldohold more oil than stocks. In addition,
companies can hedge their exposure to stock rigktefely by taking short positions in the
oil market.
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