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Summary

We study the impact of oil price shocks on U.S. stock market volatility. We derive three different
structural oil shock variables (i.e. aggregate demand, oil-supply, and oil-demand shocks) and
relate them to stock market volatility, using bivariate structural VAR models, one for each oil
price shock. Identification is achieved by assuming that the price of crude oil reacts to stock
market volatility only with delay. This implies that innovations to the price of crude oil are not
strictly exogenous, but predetermined with respect to the stock market. We show that volatility
responds significantly to oil price shocks caused by sudden changes in aggregate and oil-specific
demand, while the impact of supply-side shocks is negligible.
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1. Introduction

We investigate the response of stock market vidiatd oil shocks. From a casual reading of market
commentaries, the business community seems todleady identified both causes and consequences
of oil price shocks Focusing on the crude oil-stock market nexugetiga shared belief that oil price
shocks can depress asset prices and boost vglésiée e.g. Chisholm, 2014; Kinahan 2014; Regan,
2014). As for the causes, commentators concentnaialy on oil supply interruptions, or the fear
thereof, due to political unrests in the Middle tzasd often the price of oil is considered as exagis
with respect to macroeconomic and financial condéi

On the contrary, most academics would agree tlegptize of crude oil is endogendy&ilian, 2008b)

and that it is driven by combination of demand aupply side innovations (Hamilton, 2013).
However, the channels of transmission of energyepshocks and their impacts on macroeconomic and
financial variables remain topics for research deblate (Blanchard and Gali, 2009; Blinder and Rudd,
2013; Lee et al., 2011; Serletis and Elder, 20Thg intensity of disagreement is particularly high

the strand of the literature focusing on the impefcdil shocks on the stock market (see Chen et al.
1986; Huang et al., 1996; Jones and Kaul, 199601®ally, 1999; Wei, 2003). Early analyses have two
features in common: the price of oil is treateceasgenous and the causes underlying oil shocks are

not identified. More recently, relying on the wark Kilian (2009), many studies have acknowledged

! For the majority of commentators the “prime susgefor oil price run-ups are supply disruptionsedo political unrests
in the Middle East (see e.g. Chisholm, 2014; Jagop2014; Kinahan, 2014; Saelensminde, 2014; Tvgyt#910). Oil
price shocks are associated to growth reductioakofken, 2014), inflationary pressures (Frisby,3208aelensminde,
2014), debt defaults (Tverberg, 2010), systemik (lsroggatt and Lahn, 2010), depressing effectstierbond and the
stock market (Frisby, 2013; Jakobsen, 2013; Reg@h4; Saelensminde, 2014), as well as to volatditg uncertainty
shocks (Froggatt and Lahn, 2010; Chisholm, 201#4aKan, 2014). For a more comprehensive view, whakmowledges
the existence of shocks originating from both thygpty and the demand side of the oil market, seeHdonomist (2012).

2 A case in point is Saelensminde (2014), who megwanhy investors should hedge their equity pddfagainst
geopolitical risk, as proxied by the price of energith the following example: “high oil prices l@do higher inflation;
high inflation trashes currencies and sends cehtnak rates higher. High energy costs, higher @ésterates and inflation: a
deadly combination for economies and stock mark&tsck markets crash, everyone feels poorer, bad ekplosions
cause another banking crisis - confidence is sappddey presto, we're back in 2008!”

% See Blanchard and Gali (2009) and Blinder and R2@3) for the alternative view that considerspiee of oil as

exogenous.



that it is crucial whether a given oil price charmge been generated by demand or supply pressures.
other words, the responses of stock prices (Abhataek al., 2013; Guntner, 2013; Kilian and Park,
2009; Kang and Ratti, 20&a3 dividend yield components (Chortareas and Noykisk 2014), and
volatility (Degiannakis et al., 2014) depend on tngin of the oil price shock. These results aog n
limited to the stock market. Actually, existing dies have confirmed that disentangling the causes
underlying oil price shocks is important for expiag the response of many other variables, such as
U.S. real GDP and price level (Kilian, 2009), bamturns (Kang et al., 2014) and macroeconomic
uncertainty (Kang and Ratti, 204,8). Moreover, these findings are not confined to th8., rather
they hold also in international comparisons (see Abhyankar et al., 2013; Baumeister et al. 2010,
Degiannakis et al., 2014; Gluntner, 2013; Kang aatdi2013a; Kilian et al., 2009).

We build on the work of Kilian (2009) to analyzestimpact of oil shocks on stocks market volatility.
Changes in the real price of crude oil are modakedrising from three different sources: shockki¢o
supply of crude oil, to the aggregate demand foindustrial commodities and to oil-specific demand
Kilian’s structural VAR is used to describe thelgdbmarket for crude oil and to estimate the stmadt
innovations that drive its price. These shocksthem employed to investigate the response of stock
market volatility to oil price shocks deriving froifferent sources. More precisely, we answer a
number of questions. Does U.S. stock market vdjatieact to oil shocks? Is the response to shocks
arising from the supply and demand side of the eradl market different? What is the volatility
response to oil shocks for industry portfolios? & oil importers and net oil exporters experieoite
shocks differently?

We show that on average, over the period 1975-2030.S. stock market volatility has responded
mainly to oil price shocks originating from the demd side. Investors interpret oil price hikes
generated by unexpected increases in the aggrdgatand for all industrial commaodities, including

crude oil, as good news, therefore the volatilégponse is negative in the short-run. On the contra
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shocks due to sudden increases in the precautiate@nand for crude oil tend to boost volatility.
Supply side oil shocks have virtually no impactvatatility. Robustness checks show that these tesul
are not affected by changes to the model spedditato the sampling frequency of the data or ® th
volatility proxy. Moreover, our results do not depeon the choice of using the structural residuals
from a VAR to measure oil supply and oil-specifentand shocks.

Consistently, the results obtained at the U.S. egage stock market level show that the responses of
the volatility of shares belonging to different usdries, as well as the volatility of the stock keds in
different countries, vary depending on the caus#etlying the oil shock. On the contrary, countrgan
industry differences are modest.

This study is related to the analysis of Degiansakial. (2014), who study the response of vobatit

oil shocks using the model by Kilian (2009). Howevinese authors focus on the European stock
market, use a shorter sample period (1999-201@),fiawl that volatility reacts only to unexpected
changes in aggregate demand, leaving no role fuplgside and oil-specific demand shocks.

The rest of the paper is organized as follows. i&ecP reviews the literature and sketches the
theoretical link between volatility and oil shock3ata and empirical methods are described in Sectio
3, while Sections 4 and 5 present the empiricalltesand some robustness checks. Section 6

concludes.

2. Stock market volatility, oil shocks and the maaseconomy

The theoretical relationship between oil price #soand stock market volatility can be sketched by
relying on the log-linearization of Campbell (199&gcording to which unexpected returns are related
to innovations to dividend growth rates (or casiwfinews) and expected returns (risk premiums or
discount rates). Innovations to dividend growthesahave a positive effect on unexpected returns,

while shocks to interest rates or risk premiumsehawegative impact.
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If innovations to cash flow and expected returnsewabservable, the relationship between unexpected
stock returns, expected stock returns and cash flews could be used to disentangle the relative
contribution of each component to unconditionalkcktwariances. In practice, these components are
often estimated from the data by regressing stettkms on a set of predictor variables that prdvey t
state of the real and the financial side of theneawy (see e.g. Campbell, 1991; Hollifield et aQ03).

As a consequence, the variance of unexpected sttwias, proxied by their realized volatility, che
related to a set of macroeconomic and financiatrobrariables, including oil price shocks (Engleda
Rangel, 2008). Applications of the log-linearizatito assess the impact of oil shocks on the stock
market include Abhyankar et al. (2013), Chortaread Noikokyris (2014), and Kilian and Park
(2009).

To the extent that oil price shocks affect the lesfeuncertainty about future macroeconomic and
financial conditions, they will influence volat¥itvia their impact on cash flows, interest ratesisk
premia. We do not attempt to discriminate betwéesé different channels of transmission, however it
is useful to briefly review some empirical regulieés about stock market volatility.

Focusing on the real side of the economy, Schvi®89) highlights that stock volatility rises during
contractions and falls during expansions, althotinghlinkage between macroeconomic volatility and
financial volatility is quite weak. The countercigel behavior of financial volatility is confirmealso

by Corradi et al. (2013). These authors develop-arbitrage model where stock market volatility is
related to macroeconomic and unobservable factatdiad that the first set of variables can explain
large fraction of stock volatility. Focusing on g rates and volatilities of PPI inflation and
industrial production, Engle et al. (2013) findtth@acroeconomic fundamentals play an important role
in forecasting volatility, both at short and longrizons. Paye (2012) shows that, although variables
related to macroeconomic uncertainty Granger-caeabzed stock market volatility, out-of-sample

forecasts which exploit such variables are as ateuss those based on purely time series models.

4



Similar results have been obtained by Christiareteal. (2012), who focus on the volatility of eges,
foreign exchange, bonds and commodities. Engle Radgel (2008) develop the Spline-GARCH
model which is used to extract a low-frequency tiitya component. Considering a cross-sectional
analysis for 48 international stock markets, thdyvs that the volatility of macroeconomic
fundamentals is positively correlated with the lbreguency volatility component. In another cross-
sectional analysis Diebold and Yilmaz (2010) fihdttstock market volatility and GDP volatility are
positively and significantly correlated.

A second key finding, highlighted by Bloom (201#4),that news have an asymmetric impact. More
precisely, bad events generally increase unceytawttile good news rarely cause uncertainty shocks.
This fact, coupled with the evidence in Kilian (8)@hat the effects of an oil price shock depend®n
underlying causes, suggests that it is not sufftdie consider the relationship between stock uaiat
and oil price changes. In fact, it is reasonablesxpect that price increases generated by sudden
increases to the aggregate demand for industriaiheadities will be interpreted as good news and
reduce stock market volatility, at least in the rglmon. On the other hand, shocks arising from
production shortfalls, or from concerns of a cartfin an oil producing country, will probably in@®e

the level of volatility.

3. Data and empirical methods

3.1 Data

The volatility of the U.S. stock market is measuusthg the closing daily prices for the S&P500 xde
sourced from Yahoo! finance. However, since theee reasons to believe that different industries
might experience different reactions to oil pri¢teeks, for instance because of heterogeneity in the

level of energy intensity, we also consider a degpastfolios containing shares of firms in the same



sector. For this part of the analysis, we use thi@ évailable on the website of Ken French, who
provides daily returns for 49 industrfes
Realized volatility RV) is used to proxy the variability of stock priaedices. In line with Schwert
(1989),RV is calculated as the sum of the squares of dadllog-returns:

RV = X177, (1)
whereN; andr;; are the number of daysd daily real log returns in monthAll empirical results are

1/2

based on annualized realized standard deviatidmedkas (252RV;)™, although for brevity we keep

on usingRV thereafter.

3.2 Structural oil shocks: identification & estimaion

Changes in the real price of oil deriving from skeoto oil supply, aggregate and oil-specific demand
can be retrieved from the structural VAR model aliagd (2009). The model describes the global
market for crude oil using three variables: theumtized percent change in world crude oil produgtio
Aprod;, an index of real economic activityea;, and the real price of oitpo, °. Data are monthly and
the sample period runs from February 1973 untildddmzer 2013.

The (3%1) vector structural innovations, can be retrieved from covariance matrix of redufmem

residualsg;, by imposing a set of exclusion restrictions:

4 See http://mba.tuck.dartmouth.edu/pages/facultyfkench/data library.html, for details. The constion of real returns
on portfolios and on the S&P500 follows Lunde arichiiermann (2005). We linearly interpolate monthliglG@ata such
that the resulting daily CPI variable grows at ¢ansrate through the month. The end-of-month alzgem of the daily
CPI variable is thus equal to the correspondingievalf the monthly CPI series. The price index usetthe CPI for All
Urban Consumers, as reported by the Bureau of L8tadistics (mnemonic: CPIAUCSL).
® Aprod,, the annualized percent change in world crudepmiduction, is defined as 1200xn¢d/prod.;). World oil
production prod, is available starting from January 1973 in th&.UEnergy Information Administration’s Monthly Eiggr
Review (Table 11.1b). The index of real economitiviy, rea, introduced by Kilian (2009), is based on dry cacgean
shipping rates and is available on the websitéehefauthor. It is used to proxy monthly changeshaworld demand for
industrial commodities, including crude oil. Thealr@rice of crude oilrpo, is the refiner's acquisition cost of imported
crude oil and it is available from the U.S. Enehgformation Administration (EIA). Deflation is céed out using the CPI
for All Urban Consumers, as reported by the Burealabor Statistics (mnemonic: CPIAUCSL). The defthprice is in
logarithms and then is expressed in deviations ftersample average.
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-1 oil supply shock
gtAprod v ppLy

an 0 0 t
g;ea =\ ay a»n 0 Uaggregate demand shock (2)

t
fpo aszy  dzp  asz Uoil demand shock
t t

These identifying restrictions are consistent wattglobal market of crude oil characterized by a
vertical short-run supply curve and a downward isigshort-run demand curve. Oil supply does not
respond within the month to changes in oil demamdl @nly does it shift in response to changes in
production due to exogenous events, such as ctitiche Middle East. Oil demand is driven by the
remaining structural innovations. Aggregate demahdcks capture shifts in the demand for all
industrial commodities, including crude oil, assded to the global business cycle. The zero résinic

in the second row of expression (2) implies thdtspiecific demand shocks influence the global
business cycle only with a delay. The last stradtghock, i.e. oil-specific demand innovations, is
designed to capture changes in the price of ouedriby shifts in the precautionary demand arising
from uncertainty about the future availability afude oil. Therefore, the real price of oil changes
instantaneously in response to both aggregate ibsgexific demand shocks, as well as in respotise o
supply shocks.

In practice, estimates of the structural shocksotkrl asy;, are obtained from OLS estimates of the

reduced-form of a VAR model of order 24.

3.3 Estimating the impact of oil shocks on volatity
The theoretical relationship between oil shocks awidtility sketched in Section 2 can be empirigall
implemented with VAR model fox; =[u', RV{]", i = 1, 2, 3. Elements of the estimated structural

residuals vectors from Kilian's VARY;, are denoted aét

® A more detailed description of the Kilian (2009pdel and a plot of the estimated structural shacksprovided in the
Appendix to our paper.



Estimation of the response of volatility to oil ke originating from the supply and the demand side
of the crude oil market is based on a recursivéntified VAR forx';, with thei-th oil shock ordered
first. This identification scheme relies on thewsption that innovations to the price of crudeag
predetermined with respect to macroeconomic arahtiral aggregates. In other words, while the price
of crude oil can respond to all past informatiomedeterminedness implies the absence of an
instantaneous feedback fraRV to oil shocksu'.. This working hypothesis has been used extensively
used in the literature (see Kilian 2@08nd references therein) and is also empiricalppstted by the
results of Kilian and Vega (2011).

The analysis is implemented in two steps. First, wge monthly data from February 1973 until
December 2013 to estimate the three oil shockseseng a VAR of order 24 and the identification
scheme of Kilian (2009). This delivers structurasiduals running February 1975 until December
2013. Next, we estimate three recursively iderdibievariate VAR models includinBV and one of the

oil shocksu'. Impulse responses are derived from VAR modelsrdér 12. While this lag order is
sufficient to fully capture the dynamics of montiity, we have also experimented with VAR models
of order 18 and 24. Since results based on higltar & AR models are almost identical, we will only

present results based on twelve monthly lags.

4 Empirical results

4.1 The impact of oil shocks on the volatility oflte U.S. stock market

One of the key results of Kilian (2009) is thateath point in time, shocks to the real price afleroil

are the result of disturbances originating botimfithe supply and the demand sides of the market. Fo
instance, the volatility of supply side innovatidmss decreased through time, and supply shocks seem
to have no role in explaining the surge in the @mé oil in 2008, nor the increase of the volatilit

during the recent financial crisis. This fact isoald with the majority of the market commentaries,
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where a direct causal link between volatility amdital events in the Middle East is often posteth
while little, if any, role is attributed to oil shks arising from the demand side. A case in pant i
Kinahan (2014), who reports that: “the market’'spdrdriggered by higher oil prices and the potédntia
for greater oil supply disturbances in Iraq - stirrinvestor risk perception. As evidence the CBOE
Volatility Index,..., hit 12.56 on June 12".

[FIGURE 1 HERE]
Responses of the U.S. stock market volatility t@e-standard deviation) shock to the supply and
demand of crude oil are shown in Figure 1. Eaclepsinows the estimated impulse response function
(IRF) together with one and two-standard error Isaogsed on the recursive-design wild bootstrap of
Goncalves and Kilian (2004). Henceforth, oil shoekl represent unpredictable reduction to the
supply crude oil and unpredictable aggregate osmecific demand increases. In other words, all
shocks have been normalized such that their exgbextfect is to generate an increase in the price of
crude oil.
As it can been seen from a joint inspection of phas in Figure 1, on average over the 1978-2014
period the U.S. stock volatility has responded tydst oil price shocks originating from the demand
side of the oil market, while supply-driven shotleve had hardly any impact.
The leftmost graph shows that, contrarily to whedested in the majority of market commentaries,
shocks to the supply of crude oil have no impacvalatility: the impulse response function is alsay
close to zero and statistically nil.
From the graph in the middle we see that an unpated increase of the aggregate demand for
industrial commodities yields an immediate decreasestock market volatility, which is also
marginally significant. The negative sign of thdatiity response is consistent with financial mek
interpreting an increase in the demand for indalstdmmodities as good news. After six months, the

volatility response gets close to zero, while atigelve months the sign of the response becomes
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positive, thus indicating an overshooting in thecten of volatility to unexpected changes in
aggregate demand. Even though the positive respsssatistically insignificant, the switch in teegn

of the IRF might indicate that, if the increasednded for crude oil is perceived as permanent,
investors will start worrying about the sustainipibf such higher level of demand.

The response of volatility to a shock to the préioaary demand for crude oil is presented in thepr

on the right. Similarly to shocks to aggregate deanahe impact response of volatility to increaises
oil-specific demand is negative. However, afteemaster the response of volatility becomes positive
and statistically significant. The delayed vol#§ilboosting effect of increased oil-specific demand
could be explained by recalling that shocks to guéonary demand for oil are basically shocks ® th
expectations about future oil supply. Thereforsyustained higher precautionary demand could inelicat
greater macroeconomic uncertainty, which is clegefiected in a more volatile stock market.

Overall, the three impulse response functions ansistent with the view that the origin of the fiice
shock matters for explaining the response macragnenand financial variables (Abhyankar et al.
2013; Chortareas and Noikokyris, 2014; Degiannakial. 2014; Glntner, 2013; Kilian, 2009; Kilian
and Park, 2009; Kang and Ratti 2013a,b; Kang gP@l4). In the case of volatility, this impliesthif
investors know what has originated an increasehen grice of oil, they can optimize their risk
management and asset allocation strategies acgbrdin

Moreover, to the extent that stock market volatilian be interpreted as index of macroeconomic
uncertainty, our results are line with the survéyBtmom (2014), who highlights that news have an
asymmetric impact on uncertainty. Oil price hikengrated by sudden increases to the world demand
for all industrial commodities are signals of imped business conditions that, being good news, tend
to reduce volatility. Shocks to the physical suppfycrude oil, or to oil-specific demand, indicate
higher degree of macroeconomic uncertainty andrédeepreted as bad news. We have shown that on

average, over the 1978-2013 sample period, the lmadynews that significantly increases volatilgy i
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due to unexpected increases in the precautionanane for crude oil. The lack of response of stock
volatility to oil supply shocks can be explainedteénms of the temporary and limited response of the
real price of oil to shocks from the supply sidgha oil market (Kilian, 2009). Moreover, investane
aware that many geopolitical events in the MiddéstEare not associated to actual reductions in the
supply of crude oil, since they are often compestsdty production increases in other oil-producing
countries (see, e.g. the Iranian revolution). Tioeeg to the extent that shocks to the supply oflerdo

not reduce the long-run profitability of corporaterestments, investors’ plans will be unaffected
(Glntner, 2013).

These results are consistent with those of KangRaiti (2013a,b), who report very similar impulse
response functions for an index of policy uncetiai€ompared with Degiannakis et al. (2014), who
study the impact of oil shocks on the volatilitytbe European stocks, our analysis leads to diifere
conclusions. These authors show that the impaatiloprice shocks due to unanticipated supply
reductions or oil-specific demand increases isigdage. While these results can be partially expdai

by the differences in the fundamentals drivingphee of stocks in the U.S. and European markbes, t
empirical methodology followed by the authors skide# also considered.

Specifically, the reduced-form of the VAR of Degnakis et al. (2014) includes four lags on the same
variables, namely production and global activitged in our study as well as in Kilian (2009), while
the global price of oil is represented by (the nmathiog-return on) the price of Brent. There ar&east
three points that deserve attention. First, thacehof using Brent instead of RAC to represent glob
price of oil might be questionable (see sectiomXilian et al., 2013). In fact, while world oll
production is growing, the production of oil in tiNorth Sea, as measured by field production in

Norway and U.K., is falling, after reaching a peak1999. Therefore, the choice of using Brent

" See Hamilton (2013) for a more detailed discussver the sample period considered by Degiannetkis. (2014) the
share of world oil production from North Sea fieldas fallen from 8.6% in 1999 to 4.2% in 2010. Hwverage annual
11



together with world production data does not seensistent. Moreover, as illustrated by Bastianin et
al. (2014) among others, it is not clear a pridnetiher the price of Brent can serve as a benchfoark
the price oil.

The inclusion of first differenced log-prices irett AR might also be questionable. As highlighted by
Kilian (2010, p. 97), “economic theory suggestsrk Ibetween cyclical fluctuations in global real
activity and the real price of oil (....). Differemg the real price series would remove that slow-
moving component and eliminate any chance of datgpgersistent effects of global aggregate demand
shocks”. Degiannakis et al. (2014, p. 42) justifg thoice of including the log-differenced pricetba
basis of unit-root pre-testing. However, sincegdst a unit root have low power against the local
alternative of a root close to (but below) unityo@@rane, 1991), over-differencing might lead to
impulse response functions with poor confidencerirgl coverage (Ashley and Verbrugge, 2009).
Moreover, as Gospodinov et al. (2013) have showthe presence of uncertainty about the magnitude
of the largest roots, a VAR in levels, as opposed VAR in first-differences, appears to be the imos
robust specification.

A third potential pitfall in the specification ofdgiannakis et al. (2014) is the use of only fogslaAs
pointed out by Kang and Ratti (2013a), long lags iarportant in structural models of the global oil
market to account for the low frequency co-movemigeiween the real price of oil and global
economic activity. Moreover, when working with mbiyt data, including less than 12 lags might be
problematic if the series are characterized by@edy (see Ginter, 2013). A case in point is the

monthly world production time series that the aathgse in their model.

4.2 Does the impact of oil shocks vary across indugs?

growth rate is -4.8% for North Sea fields and 0f@¥world oil production, respectively (based omaal data from EIA,
Monthly Energy Review, Table 11.1b).
12



Economists have proposed many explanations of hbprioe shocks are transmitted to the economy
and to the stock market (see e.g. Baumeister 80aD; Lee et al. 2010). For instance, oil pricecis
might have direct input-costs effects: higher epgrgces reduce the usage of oil and hence loweer th
productivity of capital and labor. Alternatively,higher energy prices lower the disposable incarine
consumers, the transmission is due to an inconeetetiat reduces the demand for goods. In any case,
these alterative channels of transmission sugbasthie response of volatility might be differeatass
different industries. Heterogeneous responses naigpénd either on the level of energy intensity, or
on the nature of the good produced or service deuki
We focus on the volatility of four industry portio$ selected among the 49 provided by Ken French,
namely: oil & gas, precious metals, automobile aetdil. The shares of firms in the oil & gas and
automotive industry should be very sensitive to ghiee of crude oil. Oil & gas companies have the
most energy intensive production processes. Thetilitl of the shares of auto producers is intengst
because car sales and, more generally, the purchakeable goods might be delayed if oil price is
high or expected to be high. The rationale forudatg the retail industry is that with more expe&esi
crude oil consumers have to spend more to fuet daes and are thus left with less money to purehas
other goods. Firms in the precious metal industtyehbeen considered because it is believed that
investors will tend to buy more gold and silver féshaven assets) when the level of political
uncertainty is high. Moreover, the choice of thé&m& industries allows to compare our results with
those of Kilian and Park (2009) and Kang and Raai3a).

[FIGURE 2]
The first noticeable result from Figure 2 is theysh of the estimated IRFs to any of the three oll
shocks, which is similar across industries. On d¢betrary, the responses change depending on the

cause underlying the oil shock.
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Shocks to the supply of crude oil boost the staalatiity of the firms operating in the precious tale
industry on impact and generate a positive resptiregdasts for almost a year.

Petroleum & natural gas companies, which constithe most energy intensive industry, do not
experience a significant volatility change in resp®to oil shocks generated by a supply shortféhis.
same comment applies to shares in the automohileeail portfolios.

Sudden increases in the aggregate demand for dallsinal commodities yield volatility responses
which are almost identical across industries. Théatility of all portfolios drops on impact and
remains at a lower level for about six months, thuggesting that investors interpret expansionbef
world aggregate demand as good news. After a year the shock, the volatility of oil & gas shares
experiences an increase, which suggests that orgeget worried about the long-term sustainabdity
the increased demand for crude oil.

Independently of the industry, an unexpected irsgea oil-specific demand yields volatility respess
that are generally negative and statistically infigant on impact, while positive after at least a
quarter. The volatility increase generated by acklo the precautionary demand for crude is easily
rationalized. Since it is a proxy of a shock to éxpectations about the future availability of aih
unexpected increase in the precautionary demandaifdndicates a higher degree of political and
macroeconomic uncertainty.

All'in all, these results highlight that supposktk between volatility responses and energy intgredi
the industry is virtually inexistent. As an examplee magnitude and the shape of the responsé of t
oil & gas portfolio are not very different from th® of other, less energy intense, industries.

This finding is consistent with Kilian and Park (&), as well as with Kang and Ratti (2013a), who
have analyzed the response of cumulative returrti@same set of portfolios. Their results show tha
a given shock can have very different impacts @enviddue of stocks depending on the industry and on

underlying causes of the oil price increase. Onticeable difference is that our analysis shows that
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only the origin of the shock matters, whereas tblatility response to the same shock is very simila
across industries, although with a different timifidhese results suggest that investors and risk

managers should be aware of the causes underhgngjltshock to optimally adjust their portfolios.

4.3 Does the impact of oil shocks vary across couias?

Since the literature has shown that economies eiftarent characteristics will respond differentty

oil shocks (Abhyankar et al., 2013; Baumeisterle@10, Degiannakis et al., 2014; Gintner, 2013;
Kang and Ratti, 2013a; Kilian et al., 2009; Schw@f11), this section is devoted to a small-scale
international comparison which involves Japan, Npnand Canada. As of 2010, the U.S. and Japan
were the first and third largest crude oil net-imprs, while Norway and Canada were ranked ninth
and eighteenth among net-exportefBhese countries have been chosen because ohwaitability

and to allow comparison with the existing liter&tsee, among others, Gintner, 2013, and Kang and
Ratti, 2013a).

The stock markeRV of these countries has been calculated usingeaains on their market indices:
Nikkei for Japan, S&P/TSX Composite for Canada #redOslo Bars Benchmark, OBX, for Norway.
Since stock market indices are denominated in looalency, while the price of crude oil entering
Kilian’'s SVAR is denominated in U.S. dollars, wé&eahe fluctuations of exchange rates into account.
In doing so, we follow Guntner (2013) and convisd tefiners’ acquisition cost of crude oil from U.S

dollars to domestic currency using bilateral exgearates. After deflating the price of crude oig w

8 We calculated net-exports as the difference betvesports and imports of crude oil, including leasadensate using the
International Energy Statistics published by theerdgy Information Administration. Using these dathe four most
important net-importers of crude oil in 2010 wettee U.S. (9172 thousand barrels/day), China (4668gand barrels/day),
Japan (3473 thousand barrels/day), India (3272stmii barrels/day). The 2010 ranking of net-expsrigeras follows:
Saudi Arabia (6844 thousand barrels/day), Russ88§4housand barrels/day), Iran (2362 thousancelséday), Nigeria
(2341 thousand barrels/day). Norway and Canadaempbrts amount td590 and 679 thousand barrels per day,
respectively. The selection of the countries inetlidh the analysis has been driven by data avlilgbn fact finding a
sufficiently long span of daily and monthly datapecially for other net-exporters, is hardly polesitsee also Glntner
(2013) on this point.
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estimate the VAR for each country and retrieve toeresponding structural shoCksThese are
subsequently included, along with the correspond®Wy in recursively identified bivariate VAR
models. While, due to data availability, the sangfl¢he analysis is now limited to the period Jagua
1988-December 2013, the analysis follows the proedescribed in Section 3.3.

[FIGURE 3]
The leftmost column of the graphs reported in FegBishows that a supply shock boosts the volatility
of the stock market in all countries, with only nestl differences between net-importers and net-
exporters. On average, over the 1988-2013 sampiedpethe response dRV to an unexpected
negative change of oil supply is positive for abuotries. These estimates are however marginally
significant, and only during the first quarter aftee shock. The timing and the persistence of the
volatility increase is slightly different acrossurtries: in Canada and Norway the response ofilibfat
remains positive, although modest in value, forravgear, while in the U.S. and Japan it falls bk
zero within nine months.
Unexpected changes in global real activity, pre=gin the second column of Figure 3, are in alesas
associated with immediate marginally significankatitity decreases that last up to six months. Dgiri
the first quarter after an unexpected increasdliapecific demand, the volatility of all stock nkats
decreases. One explanation for this behavior isvih@&n the price of crude oil is triggered by highe
demand, investors are not sure of whether theiadditdemand will serve to increase productionf or
it contributes to build up inventories to face fasupply shortages. Within five months from the
precautionary demand shock, the initial volatildyop becomes statistically insignificant in all

countries but Canada and the U.S., where the IR#slsfrom negative to positive. The new, higher

° Daily closing prices of the market indices haveerbelownloaded from Yahoo! finance. Exchange ratge tbeen
downloaded from the Board of Governors of the Faldeeserve System, while the CPI for all itemstfar U.S., Japan and
Canada are provided by the OECD - Main Economigchtdrs.
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level of volatility reached in these countries &nporary for the U.S. and persistent for Canada.
Interestingly, after a year also the U.S., JapahNorway experience a new volatility increase.
Consistently with Guntner (2013) and Kang and R2til3a), our results highlight the importance of
disentangling supply and demand oil shock for itimgs internationally diversified portfolios.
However, contrarily to what happens to real stodkgs, the response of volatility across countries
does not show significant differences.

It is worth noticing that in this section the arsa$yfor the U.S. has been conducted on a sampulataf
starting in 1988. The main difference between shisiple and the longer sample used in Section 4.1 is
the response of the U.S. volatility to supply steodkor the longer sample, the estimated IRF inréigu

1 is always statistically nil, while in Figure 3etihesponse is positive and marginally significant.

5. Robustness checks

5.1 Alternative oil shock proxies

Our results show that on average, over the sangieubry 1975-December 2013, the volatility of the
U.S. stock market has been resilient to oil pricaases driven by supply interruptions. Since lsdpp
driven oil price shocks are often seen as the mlaamnels through which the adverse effects of lmighe
energy prices are transmitted to the economy,résslt should be subject of additional investigatio
On this respect, we replace the oil supply shociesederived from the structural VAR with the
variable developed by Kilian (2008a), who proposesise production data for measuring exogenous
shocks to the supply of crude oil due geo-politeatnts in the OPEC countrt&sAs shown in the top
panel of Figure 4, the response of volatility iiar, that is limited and statistically insigniéiot most

of the time.

[FIGURE 4 HERE]

19 The construction of this alternative oil supplysk has followed the detailed description providgdKilian (2008a).
The empirical methodology is the same as before.S&etion 3.3.
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As a second robustness check, we consider anatitexrmeasure for the oil-specific shock. Following
Ramey and Vine (2010), we use the proportion gboedents to the University of Michigan’s Survey
of Consumer Sentiment, who cite the price of gasolor possible fuel shortages, as a reason far poo
car-buying conditions. The graph on the bottomigtife 4 shows that the volatility response estimhate
with this alternative proxy is very similar to whatbtained when considering shocks to the

precautionary demand for crude oil derived fromdtractural VAR of Kilian (2009).

5.2 Alternative models and distributional assumptios
Our analysis is based on the assumption that irtiom&ato the price of oil are predetermined with
respect to macroeconomic and financial conditidrtgs working hypothesis is however consistent
many alternative econometric specification. Amohegse alternatives, we consider a Distributed Lag
(DL) model, since its use to study the impact bsbocks on macroeconomic aggregates is common in
the literature (see, among others, Kilian et a0®Kilian 2008a, 2009).

[FIGURE 5]
We select three DL models of order 15, one for eaittshock, to match the horizon of the IRF
presented so far. Moreover, we work also with thg &f RV as an alternative specification of the
dependent variable. Since aggregate stock retulatiity is positively skewed and leptokurtotic,
researchers often use the logarithm of realizedtiity (see Paye, 2010 and references thereing. Th
graphs on the top of Figure 5 show that considearigL model instead of a recursively identified
VAR does not affect the pattern of the estimatexpoases. The same holds true when a DL model
with the log of RV as dependent variable is estadat
Further robustness checks presented in the Appémddkve the sampling frequency of data, as well as
the use of alternative volatility proxies. Resudts no change when working with quarterly data, nor

when a GARCH model or the CBOE volatility index RJlis used in place of RV.
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6. Conclusions

Stock volatility and the price of crude oil, beihgo of the variables that policy makers track most
closely (see e.g. Bernanke, 2006; Brown and Sarkd@§9), are often front page news. Moreover,
both the popular press and academic research Imagzad in detail the effects of oil price shocks o
macroeconomic and financial variables.

In this paper we have shown that, in order to ustded the response of the U.S. stock market vityatil
to changes in the price of crude oil, the causeerdying oil price shocks should be disentangldusT
conclusion has been extended to the analysis aftpacts of oil price shocks on the aggregate stock
market volatility of countries different from the. &, and of different industry portfolios. Conttaitio
what expected, the impact of supply shortfalls egligible and volatility responds mostly to shocks
hitting aggregate and oil-specific demand. Evideonfeheterogeneous volatility responses across
countries and industries is modest at best.

The empirical methods used in this paper do nobrpmrate neither time-varying parameters, nor
changes in the volatility of the structural shoctkegt would be useful to describe evolutions in the
structure of the crude oil market and the U.S. eoon Recall that our identification scheme rests on
assumption that oil shocks are predetermined waspect to the macroeconomy, therefore the
estimated IRFs depend on the composition of thenyidg oil shocks and cannot be used to interpret
specific historical episodes. Notwithstanding thiasétations, these estimates are asymptoticallidva
and can be interpreted as the average respons¢heveample period (Kilian, 2008b).

The result that stock volatility reacts differenttyshocks originating from the supply and demddd s

of the crude oil market has important implicatidos policy makers, investors, macroeconomic model
builders, risk managers and asset allocation gfisige For instance, studies on the relation betwee

monetary policy and asset price volatility (e.g.rrigake and Gentler, 1999), should be extended to
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include different oil price shocks, in order to iopze the monetary policy response to changes in
volatility originating from either the oil supplyr @il demand shocks. Moreover, disentangling the
causes of oil price shocks and a deeper undersigoditheir impacts on volatility are useful exees

to formulate Dynamic Stochastic General Equilibriomadels with time-varying second moments (see

e.g. Fernandez-Villaverde and Rubio-Ramirez, 2010).
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Figure 1. Responses of S&P500 volatility to structal oil shocks (Feb. 1975 - Dec. 2013)

Volatility S&P500

Oil supply shock

Aggregate demand shock

Oil-specific demand shock

Volatility S&P500

Volatility S&P500

0 5 10 15 0 5 10 15 0 5 10 15
Months Months Months

Notes: each panel shows the response of the annualeadited standard deviation of the S&P500 index tna-standard deviation structural shock
(continuous line), as well as one (dashed line) tarmdstandard error bands (dotted line). Estimatesbased on bivariate VAR models of order 12 with
one of the structural oil shocks ordered first #mel volatility series ordered last. Confidence lsaatk based on a recursive-design wild bootstrép wi
2000 replications (see Gongalves and Kilian 2004).

Figure 2. Responses of industry portfolios volatity to structural oil shocks (Feb. 1975 - Dec. 2013)
Oil supply shock Aggregate demand shock Oil-specific demand shock

RV Auto &
Trucks
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Metals

RV Petroleum
& Natural Gas

RV Retail

150 5 10 15
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Notes: each row of the figure shows the response obthrialized realized standard deviation of the itrgiymrtfolio indicated on the label of the y-axis

to a one-standard deviation structural shock (nowtis line), as well as one (dashed line) and tewekard error bands (dotted line). Estimates aseda

on bivariate VAR models of order 12 with one of #teuctural oil shocks ordered first and the vétstseries ordered last. Confidence bands arechase
a recursive-design wild bootstrap with 2000 repiares (see Gongalves and Kilian 2004).
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Figure 3. Responses of volatility to structural oishocks by country (Jan. 1988 - Dec. 2013)
Oil supply shock Aggregate demand shock Oil-specific demand shock

Japan

Canada

0 5 10 150 5 10 150 5 10 15
Months Months Months

Notes: each row shows the response of the annualizdided standard deviation of the stock market infdexhe country indicated on the label of the y-

axis to a one-standard deviation structural sheckit{nuous line), as well as one (dashed line) mastandard error bands (dotted line). The stock

market indices are the following: S&P500 (U.S.)kkéi (Japan), S&P/TSX Composite (Canada) and Osis Benchmark (OSEBX; Norway). Estimates

are based on bivariate VAR models of order 12 witk of the structural oil shocks ordered first #melvolatility series ordered last. Confidence tsand

are based on a recursive-design wild bootstrap 2000 replications (see Gongalves and Kilian 2004).

Figure 4. Responses of S&P500 volatility to exogems oil-supply shocks and gas-shortages (Feb. 197Bbec. 2013)

Exogenous oil supply shock

RV S&P500

Months
Gas-shortage

RV S&P500

Months

Notes: each panel shows the response of the annualeadited standard deviation of the S&P500 index tna-standard deviation structural shock
(continuous line), as well as one (dashed line) tarmdstandard error bands (dotted line). Estimatesbased on bivariate VAR models of order 12 with
one of the shocks ordered first and the volatfltyies ordered last. Confidence bands are basademursive-design wild bootstrap with 2000 re piaes
(see Gongalves and Kilian 2004). In the top pamelshock is measured as the exogenous oil suppboged by Kilian (2008), while in the bottom panel
the shock is measured by the (percent change dfstiee of respondents to the University of Michiggurvey of Consumer Sentiment who quote
gasoline shortages as a reason underlying pooitmorifor buying a car.
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Figure 5. Responses of S&P500 volatility to structal oil shocks from distributed lag models (Feb. 185 - Dec. 2013)
Oil supply shock Aggregate demand shock Oil-specific demand shock

Volatility S&P500

100 * log Volatility S&P500

0 5 10 150 5 10 150 5 10 15

Months Months Months
Notes: each panel shows the response of the annuakzdided standard deviation of the S&P500 indexr tone-standard deviation structural shock
(continuous line), as well as one (dashed line) tarmdstandard error bands (dotted line). Estimatesbased on distributed lag models of order 1&. Th
dependent variable is indicated on the label ofytaais, while the regressors include a constdwet,contemporaneous and lagged values of one of the
structural oil shocks reported on the top of theghaThe responses are the estimates of the ceefficassociated to the structural oil shocks, evhil
confidence bands are based on 20000 block bootgtpdipations with block size equal to 12 months.
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