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ABSTRACT

We attempt to consolidate (at least in part) the vast literature on oil
shocks and stock returns by decomposing the influence of oil shocks into
two channels of effect: ‘direct’ and ‘indirect’. Using a simple empirical
asset pricing model it is shown that oil shocks can affect stocks not only
directly, but also indirectly through general market risk (which is shown
to be due in part to oil shocks), or put another way that additional oil
price risk exposure is embedded in the traditional market beta. As far as is
known, this is the first paper explicitly quantifying both effects together.
By doing so we offer a more complete picture of when and how oil
shocks impact stock returns, thus allowing investors to make more
informed responses to oil shocks. The results are illustrated using daily
data from all (active) listed energy related stock portfolios in the Asia
Pacific Region, and are robust to structural instability and the
specification of oil-shock used.

JEL Classifications: G12, G15.

Key Words: Oil Prices, Energy Related Stocks, Threshold GARCH, Asset
Pricing, Structural Break.
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1 Introduction

There already exists an extensive and high-profile literature demonstrating that oil shocks
can impact upon stock market behavior. The accumulated wisdom of previous research
points toward two distinct ways in which oil shocks can influence stock returns. Consider a
single stock (or sub-index portfolio), the first channel of influence that might be considered
is a ‘direct’ response to oil shocks. For example Huang et al. | (1996)), |[Faff and Brailsford
(1999), Sadorsky | (2001), Hammoudeh and Li | (2004), El-Sharif et al. | (2005]) and [Boyer
and Filion | (2007), all investigate how oil price shocks affect industry specific returns,
reporting what we refer to here as a ‘direct’ effect. The empirical nature of the direct
effect is highly variable. These previous studies demonstrate that some industries are not
immediately affected by changing oil prices, whereas others are. Sensible justifications for
these differences are easy enough to posit: Supply chain issues become much more relevant
when considering the individual stock (portfolio) insofar as oil price exposure depends
on the exposure of the full supply chain to oil prices. If any stage is exposed, then
some sensitivity to oil shocks should be seen since they directly pass through operational
costs. [Huang et al. | (1996)) for example show that crude oil futures impact oil company
stock returns, but do not affect some other industries. |Gogineni | (2010) reinforces this
assertion by explicitly considering the energy consumption structure of industries. When

industries are classified into oil-intensive and non-oil intensive groups the influence of
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daily oil price shocks on stock returns varies. Some further studies considering individual

industry sectors or sub-indexes include those by [Scholtens and Yurtsever | (2012)), |Arouri |

(2012), Broadstock et al. |(2012), Narayan and Sharma | (2011]), |/Arouri | (2011)), [Elyasiani|

et al. | (2011), Mohanty et al. | (2011)), |Arouri and Nguyen | (2010)), Kilian and Park |

(2009), Nandha and Faff | (2008), [Boyer and Filion | (2007)), El-Sharif et al. | (2005) and

Hammoudeh and Li | (2005). The general consensus from these studies is that the Oil &

Gas sector, and also the Mining sector, tends to be positively affected by positive changes

in oil prices, whereas the reverse holds true for other sectors.

A second channel of effect highlighted by existing research is that from oil oil shocks to
the wider stock market as a whole. Broadly speaking existing studies suggest a negative

relationship between oil shocks and the performance/returns of whole stock markets (see,

inter alia, Filis and Chatziantoniou | (2013); [Ciner | (2012)); |Lee and Chiou | (2011)); [Filis|

| (2010); (Chen | (2010); Miller and Ratti | (2009); Driesprong et al. | (2008); Nandha and)

Faff | (2008); O’Neill et al. | (2008); Park and Ratti | (2008)); Bachmeier | (2008)); Henriques|

and Sadorsky | (2008)); [Sadorsky | (2001); Papapetrou | (2001)); |Ciner | (2001)); Gjerde and|

Saetten | (1999); [Huang et al. | (1996); [Jones and Kaul | (1996)). Maintaining focus on

the single stock (portfolio), we argue that this second channel represents an ‘indirect’
effect whereby the influence upon the whole market is subsequently embedded into the
value of the individual stock (portfolio). To motivate the ‘indirect’ influence of oil, and
notwithstanding the empirical support from previous papers as listed above, it is useful
recognize some of the core asset pricing literature. The widely used Capital Asset Pricing
Model (CAPM) originally proposed by offered the insight that the value of
a stock (or portfolio) is often heavily influenced by the return of the wider stock market
that the stock (portfolio) is from. Then, if the wider stock market is affected by oil

shocks, and additionally the stock (portfolio) is affected by the market value, it follows
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that oil shocks are transmitted indirectly through the market risk. Rationalizing the
dependence of the wider stock market upon oil is straightforward, since higher oil prices
can be viewed as a signal of overall inflation in the economy and central banks therefore
respond to such increase by raising the interest rate. Among other things, this can lead to
a tighter monetary environment, which will negatively influence stock prices in all areas
of the market. Taken together, these point towards the fact that often it should be easy
to rationalize and quantify at least (i) some influence of oil shocks upon the value of the
wider stock market and (ii) some dependence of the stock (portfolio) upon the value of
the market (the traditional ‘market beta’). Cumulatively these define what we refer to

here as the ‘indirect’ effect.

Whilst both channels of influence discussed above are broadly accepted within the
literature, empirical studies looking at the returns of an individual stock (or portfolio)
offer surprisingly limited discussion of them both at the same time, i.e. their cumulative
effect [T This has resulted in what seems to be an overly disparate discourse as to whether
or not oil shocks affect stock returns. The main aim of this paper therefore is to empir-
ically emphasize the two channels of effect, both ‘direct’ and ‘indirect’. Specifically, we
specify a simple empirical asset pricing model for all (active) listed energy stock portfolios
in the Asia Pacific Region, statistically testing for the influence of oil shocks using daily
returns. Under the (standard) assumption that market returns affect the portfolio and
not vice versa, the empirical problem reduces to two independent regressions that can be
estimated using single equation GARCH methods. In application we allow the GARCH
volatility process is allowed to be asymmetric, allowing for news impact curves to be
derived, and structural instability is explicitly modeled to account for the effects of the

recent global financial crisis. Additional robustness checks are given to demonstrate the

LOne exception is [Hammoudeh and Li | (2004), however in attempting to quantify this using weekly
data from GCC stock markets they were unable to produce statistical evidence to support their conjec-
tures.
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influence of using different definitions of oil shocks i.e. oil price returns, oil price increases

only (OPI), or ‘net’ oil price increases (NOPI).

Our results show that there is always some effect of oil price shocks upon energy stocks
but that the nature of effect differs from one market to the next. The distinguishing
feature is that the direct effect does not always exist, but the indirect effect does. The
effects from oil shocks are clearly subject to structural instability, where in most cases a
stronger relationship with oil prices exists following the empirically identified structural
break, similar to the results in Broadstock et al. |(2012)). For the indirect effect this break
is always in 2008, reinforcing the role of the global financial crisis, but for the direct effect
other break dates are observed in some cases. The qualitative nature of the results are
generally robust to using different measures of oil price shocks, though with some changes

in magnitude of the effect.

We contribute to the existing literature in two distinct aspects: Firstly, we quantify
both direct and indirect effects of oil shocks upon stock returns, thus highlighting that
oil is always a risk factor for listed energy related stock portfolios, at least in the Asia
Pacific Region. Secondly, we demonstrate to some extent the generality of this result
by highlighting its insensitivity to (i) choice of stock market; (ii) choice of oil price; (iii)
choice of oil price transformation; and (iv) structural change. We expect that these results
generalize much further than the Asia Pacific Region, as already (partially) demonstrated

in some existing literature.

The paper is structured as follows: Following this introduction, we outline the data
used in the analysis, outlining our sample selection procedure. Section 3 describes the
empirical framework, while Sections 4 and 5 respectively present the results and conclu-

sions.
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2 Data

This section outlines the data we use for analysis, outlining firstly the stock market data
and then the oil shocks. We choose to use daily frequency time series on the premise
that news regarding oil price shocks spread almost instantly throughout markets, met
by reactions (from stock investors as well as the general consumer in the economy) and
counter-reactions within the space of hours in some cases, or just a few days in others. In
this regard, it is possible that weekly (or monthly etc.) aggregation of data may ‘mask’
some interesting price dynamics, and in particular the true magnitude of stock market

response to oil price shocks.

The aim of the empirical analysis is to demonstrate that oil shocks affect stock returns
both directly and indirectly. To provide a balanced assessment, it is appropriate to
consider several different stock markets. For this purpose we consider all markets within
the Asia Pacific Region, which is sensible given that this contains some of the largest
energy consumers, at highest growth economies in the world today. Our sampling frame
is to choose energy related stock portfolios as the main point of interest, and these must
be (i) active portfolios and also (ii) officially listed as a sub-index. For instance, the
Hang Seng index in Hong Kong had a listed energy sub-index (Hang Seng Composite
Oil and Resources), however this index stopped trading in September of 2006, and so is
not included in our study. Similarly, the Chinese stock markets do not have an officially
listed energy sub-index, and are therefore excluded here. Our sampling frame results in

six indexes from four countries:

Japan
e Tokyo Stock Exchange Tokyo Price Index (TPX): The TOPIX general index
and the TOPIX Oil sub-index. The sub-index runs from January 5 1998.
The direct and indirect effects of oil shocks Page 5 of 32
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e Nikkei (NKY): The Nikkei 225 stock index and the Nikkei 500 Oil sub-index[]

The sub-index runs from January 5 1998.
India

e Bombay Stock Exchange I (SENSEX I): The SENSEX general index and the

SENSEX Oil and Coal sub-index. The sub-index runs from February 1t 1999.

e Bombay Stock Exchange II (SENSEX II): The SENSEX general index and the

SENSEX Power sub-index. The sub-index runs from January 3"¢ 2005.
Korea

e Korea Composite Stock Price Index (KOSPI): The KOSPI general index and
the KOSPI 200 Energy chemical sub-index. The sub-index runs from January

2nd 90(8.
Taiwan

e Taiwan Stock Exchange (TWSE): The TWSE general index and the Taiwan
Taiex Oil, electricity and gas sub-index. The sub-index runs from July 27

2007.

For the whole stock market index data (TOPIX, NKY, SENSEX, KOSPI and TWSE),
all series are available from January 15 1984, and all series (including the sub-indexes)
end October 24" 2012. All data are taken from the BLOOMBERG financial database
and are all measured in in US dollarsF| The financial market data therefore cover differing

time-frames. Given the nature of our study we use the most available data for each time

2Tt is noted that the energy sub-index can therefore include members who are not part of the Nikkei
225 sub-index, however the effects of this are assumed to be nominal, and given the nature of the results
and also that the Japanese TOPIX index is also tested, it was not felt necessary to correct for this.

3Noting that in the subsequent empirical analysis we use returns series, and for the purposes of
comparison simply require all series to be measured in a common currency, the use of US dollars is
arbitrary.
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series rather than, for instance, restricting the Japanese market data to cover the same

(much shorter) overlapping time-frame as the Taiwanese market data.

The context of the empirical analysis, described in full in the next section, utilizes
a simple empirical asset pricing model relating the returns of an index to some other
variables. The returns of some index I can be calculated from the index value P as

follows:

Ry = 100 (m (Pi”l» (1)

Where P, is the index value on day .

In addition to the general stock market data, oil price data are required to generate
the oil shock series. In this paper we use the West Texas Intermediate (WTI), quoted in
US dollars per barrel as a proxy for global oil price dynamics. Maghyereh | (2004) notes
that European Brent may be a better measure of global oil prices, since around 60% of
daily consumption at that time was of Brent, however we opt for WTI since (i) the daily
data are more easily accessed for a much longer time frame than for Brent and (ii) it is
still a widely used measure in many empirical studiesE] Using the price series, the price
shocks are defined initially as the returns on the oil price series, calculated in the same
way as the returns for an index as described above. A selection of recent studies using
the same definition includes Broadstock et al. | (2012), |Arouri et al. | (2011]), [Lee et al.

(2001)), Park and Ratti | (2008) and (Cunado and de Gracia | (2003) among others.

4A simple test of cointegration would suggest that these two series co-vary. This test was to check
that the ratio of prices is stationary i.e.

_Pwrr N(1,0?)
PprENT

A simple Phillips-Perron test shows the ratio to be stationary, with a Dickey-Fuller test statistic of
-52.40 and a p-value of 0.001 (against the null hypothesis on non-stationarity). We do note however that
an augmented Dickey-Fuller test gives the opposite conclusion. Understanding the difference in these

series, and how analysts should respond to them, is a valid and important direction for future research.
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3 Empirical framework

The empirical framework is developed to be consistent with existing studies, and requires
estimating two different equations, one to capture the direct effect and another to capture
the indirect effect. This section thus prescribes specific estimable functional forms for

these relationships, additionally describing how the proposed hypotheses are evaluated.

3.1 Testing for a direct effect

To examine the direct effect of oil price shocks upon energy related stocks, we apply an
extended CAPM type model relating share price exposure to general market risk as well

as variability in oil prices. The model can be written as:

Rey =7+ BRpy + 60l + (2)

j = {Ro+, OPI,, NOPI}, where Rp;, OPI and NOPI are alternative oil shock
measures to be defined later. Where R, ; are the daily returns on energy related stocks,
R, are the daily returns on the market index and Oil,gj ) are the daily returns on oil prices.
The parameter S captures market risk and parameter o represents the direct exposure of
energy related stock returns to changing oil prices. Considering the high frequency and

clustered volatility common in daily data, GARCH (1,1) effects are controlled for and

specifically are assumed to follow a GJR-GARCH(1,1), or threshold GARCH, processﬂ

e ~ JSU(0, hyo?, v, T) (3a)

hi = ag + arhy_1 + ager | + ase’ | I{e,_ < 0} (3b)

°See (Glosten et al. | (1993). This specification for GARCH is more general than a standard GARCH
structure, allowing for asymmetries in the underlying volatility process.
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The use of the Jonhson SU distribution allows for additional skew and shape trans-
formations via v and 7 respectively, and provides a generally more flexible assumption
regarding the nature of the error term. The threshold effect is determined by the sig-
nificance of agz, which when significant allows an asymmetric role for €2 ; upon h;. The
combination of the threshold GARCH specification with this flexible distribution assump-

tion on the error term helps to ensure that volatility is more accurately modeled.

Given the above model specification, evaluating the existence of a direct effect reduces
to a simple hypothesis test of the coefficient §. If this coefficient is statistically significant,
we can conclude that oil shocks can directly influence energy related stocks (with direction
equal to the sign of the coefficient)and otherwise (i.e. if § is insignificant) we cannot

conclude a direct effect.

3.2 Testing for an indirect effect

To model the indirect effect the following regression model is estimated:

Rm,t = o+ KJOZZgJ) + € (4)

j = {Ro+, OPIL;, NOPI;}. Where the terms are generally as defined above, and
GARCH effects are also modeled in the same way as done for the direct effect. In this

model, k represents the influence of oil shocks upon the whole stock-market index.

Given this model structure, to evaluate the existence of an indirect effect upon a given
portfolio of energy related stocks requires first that § from Equation is significant,
hence confirming that the energy related stock portfolio is susceptible to general market
risk, and second that s in Equation is significant. If either of these is not true,

then no indirect effect can be supported. To make this more clear, Equation (4] can be
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substituted into Equation . Ignoring for simplicity the error terms, this gives:

Rey =7 + Bla+ kOill?) + 60il? (5)

Therefore, even if there is no direct effect of oil through ¢, in other words é = 0, and
assuming that 0 < || < oo, or more specifically that there is some non-diversifiable risk

for the portfolio, then:

Rey = v + Ba + BrOilY (6)
hence:
oR,
] é) = Pk (7)
00il;

Thus, so long as both 5 and x are statistically different from zero, an indirect effect
will exist. If additionally there is a direct effect also (i.e. & # 0), the above derivative

will become:

a}%e,t
90l

=LK+ (8)

Since the market and portfolio returns models are estimated separately, the indirect
effect is evaluated using a series of individual t-tests. To summarize, the significance
of the terms 3, k and ¢ determine the nature of effects and whether they are direct,
indirect or both. The analysis therefore results on four possible scenarios, all of which

are empirically possible:

e No effect: The first possibility is that oil exerts no influence on the energy sub-

index (i.e. f=kr=10=0);

The direct and indirect effects of oil shocks Page 10 of 32
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e Direct effect only: The second possibility is that oil shocks only influence the
energy related sub-index, but have no impact upon the wider market (i.e. §=r =

0, and 0 # 0);

e Indirect effect only: An alternative possibility is that oil shocks affect the whole
market only (i.e. the aggregate index such as NIKKEI 250) and not the energy

sub-index (i.e. 8 # 0 and k # 0 but § = 0); and

e Direct and indirect effects at the same time: The final, and most interesting
possibility is that oil shocks have one effect directly upon the energy sub-index, but
at the same time have a second effect that comes indirectly though general market

risk (i.e. 5#0, kK # 0 and § # 0).

3.3 Allowing for structural instability

The methodology described so far has concentrated on identifying the two channels of in-
fluence that oil shocks might have upon energy related stock portfolios. However, existing
literature already documents instability in the relationships, most recently Broadstock
et al. | (2012) who show for China that a direct effect does not always exist | With this
in mind, here we treat structural instability as a core part of the analysis rather than a

robustness check.

To identify and allow for structural instability in the analysis, we apply |Andrews and
Ploberger | (1994) type tests, which are now fairly widely used. As opposed to classical
break test procedures proposed by |Chow | (1960) or Quandt | (1960)), the |Andrews and

Ploberger | (1994) method evaluates all possible break dates and then use the largest

6It is perhaps useful to note that although Broadstock et al. | (2012) show that such studies are
possible for China, Chinese market data is not included in the present study since there is no officially
listed oil or energy related stock portfolio. Instead, such portfolios need to be constructed from industrial
classification codes.
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value to identify the break point (see also Andrews | (1993)). Thus the break-point is
treated as unknown, and then statistically identified. The tests are applied to look for
‘full’ structural breaks in the estimation equations, where all coefficients are allowed to
differ either side of a break-point. For brevity, in the results section the full break tests

results are not reported, only the identified break-date when significant.

3.4 Alternative oil shock definitions

An understated feature of the existing literature relates to the way in which oil shocks
are measured. A number of alternative specifications have been proposed over the years,
though existing studies offer relatively little insight as to when and how to discriminate
between them. In this regard, it is worth openly considering the (relatively subjective)

influence that alternative choices may have.

Alternative definitions arguably emerged from the desire to model asymmetric price
responses. |Hamilton | (1983)) pointed towards the fact that oil prices only seemed to
influence an economy during periods of price rises, but otherwise seem to have relatively
little effect. This inspired various price decompositions to capture oil shocks from different
types of price changes, most generally when prices are rising relative to when they are
falling. Definitions by [Hamilton | (1983)) and [Mork | (1989) have been widely used when
studying oil prices in different contexts. In this paper, in addition to the oil price returns

measure discussed above, i.e.:

P
Ro, = 100 (ln (&)) (9)
Poi—1

We also consider two further alternative specifications, namely the Hamilton | (1983))

measure of ‘net oil price increases’ (NOPI) and the slightly less restrictive measure of
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1989E| Both approaches have merit, as will be discussed, starting with NOPI a

formal definition can be given as:

NOPIt = O'llt - mCLQU(O?:ltfl, ceey Oth,n) A Ollt > max(Oilt,l, ceey O'th,n) (10)

NOPI therefore suggests that oil price increases are only relevant when they are greater
than the largest oil price hike over the preceding n periods. Using monthly data

ﬂ (1983)) sets n = 12, thus using daily data we set n = 365.

(1989)) took a less restrictive approach to considering the role of oil price rises,
known as oil price increases (OPI), which assumes that all price rises are ‘relevant’, not

just those which recent and excessive. This can be written as:

O.P.lt = O'th \V/ Ollt > Oilt_l (11)

"These are not the only alternatives. For example OPI can also include oil price decreases into the
decomposition see for example Mork | (1989), Cong et al. | (2008), |Arouri et al. | (2011), Jimenez-|
[Rodriguez and Sanchez | (2005), [Lee et al. | (2001)), |Chen | (2010)). Similarly NOPI can be specified to
include net oil price decreases as in [Engemann et al. | (2011). Another measure used in some recent
papers is ‘scaled oil price increases’ (SOPI) (Lee and Ni | (2002), [Jimenez-Rodriguez and Sanchez | (2005)),
|Arouri et al. |(2011)), Park and Ratti | (2008),|Cunado and de Gracia | (2003), |Chen | (2010)) which utilize
and control for (estimated) price volatility. |[Ferderer | (1996) define oil price volatility as an n period
moving standard-deviation of real oil prices. Huang et al. | (1996) and Chang et al. | (2012) take a quite
different approach using information in oil price futures to identify genuine spot price volatility.
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Figure 1: Summary oil price transformation series for WTL

As suggested, both measures have merit. Mork’s approach acknowledges that all
historic price information may play a role in today’s actions, which is not unreasonable.
On the other hand Hamilton’s approach suggests that (i) older information is less relevant,

to the point that it can in fact be ignored and also (ii) that reactions to price changes
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only occur when those price changes are excessive, within recent memory. The concept
that decision makers tend to rely more heavily upon more recent and excessive price
information is again not unreasonable. Deciding which price transformation to use is a
largely subjective matter, however as Figure (1) demonstrates, which contains oil price
in log-levels as well as the three 3 transformations used for estimation. They each result
in extremely different measures of price shocks. Arguably, NOPI excludes key dynamics
observed during the 2008 financial crisis, which are better reflected in OPI for instance

which is stable able to highlight increased price volatility during this period.

4 Empirical results

In this section we present and discuss the results of the empirical analysis. Results for
the direct and indirect effects are reported separately, followed by a more general section
discussing the role of alternative oil shock definitions. Given the use of the asymmetric
GARCH model, the results section ends with a brief discussion of the estimated news

impact curves from the estimated models.

4.1 Evidence of a direct effect

Table (1) reports the estimation results for Equation (2)). In addition to the estimated
coefficients, Table (1) reports R? values and distributional test results denoted gsp and
g50f] These results are for the Vlaar and Palm | (1993)) test, discussed also in [Palm | (1996),
which is a Pearson Chi-squared test adjusted to account for non-normal distributions.

Under the null hypothesis, the estimated Johnson SU distribution is an appropriate fir

8The subscript values 20 and 50 refer to the number of ‘bins’ used in the test. Given the relatively
small sample sizes in some of the series, 20 might be considered preferred to 50 since for instance when
using 50 bins for the KOSPI index there may be as few as 35 observations per bin. However, with 20
bins this rises to 88 per bin. The trade-off is in having enough observations per bin to make each bin
representative, while also having enough bins to capture the structure of the distribution.
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for the model residuals. Therefore assuming a 5% significance level, when the reported

p-value is greater than 0.05, the null hypothesis that the estimated distribution follows

the true empirical distribution, cannot be rejected. The p-values all exceed 0.05, and

thus the Johnson SU distribution is a reasonable choice for the data.

Table 1: Subsample estimation results for direct effect

TPX NKY SENSEX (1) SENSEX (2) KOSPI TWSE
Break date 12/29/2004 11/2/2004 12/16/2008  10/10/2008 2/28/2011 5/31/2011
Pre-break
Intercept 0.0008 0.0004 0.0003 0.0002 0.0005 0.0003
( 0.0005 ) ( 0.0006 ) (0.0002 ) ( 0.0003 ) ( 0.0004 ) ( 0.0003 )
[0.1307 ] [0.5145 | [ 0.2305 | [ 0.6391 | [0.1955 ] [ 0.4447 |
Market 0.7344 0.6127 1.0046 0.9984 1.0160 0.7664
(0.0494) (0.0558) (0.0215 ) (0.0233) (0.0502) (0.0415)
[ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ]
Oil -0.0056 0.0074 0.0236 -0.0142 -0.0006 0.0125
(0.0202) ( 0.0196 ) (0.0100) (0.0124) (0.0533) (0.0192)
[ 0.7805 ] [ 0.7055 ] [ 0.0187 ] [ 0.2536 ] [0.9917 ] [0.5140 ]
R? 0.39 0.34 0.80 0.82 0.88 0.43
G20 0.67 0.27 0.10 0.33 0.49 0.19
750 0.32 0.18 0.40 0.38 0.72 0.11
Post-break
TPX NKY SENSEX (1) SENSEX (2) KOSPI TWSE
Intercept -0.0002 0.0000 -0.0005 -0.0006 -0.0009 0.0001
( 0.0003 ) ( 0.0003 ) (0.0003 ) ( 0.0002 ) ( 0.0007 ) ( 0.0007 )
[0.5715 ] [ 0.8803 ] [ 0.0415 ] [ 0.0077 ] [0.2119 ] [ 0.8276 ]
Market 1.0388 0.8797 0.9433 0.8848 1.3260 0.8888
(0.0268 ) (0.0232) (0.0257 ) (0.0211) ( 0.0467) (0.0755)
[ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ]
Oil 0.0292 0.0163 0.0012 0.0157 -0.0282 0.0980
(0.0121) (0.0152) (0.0229 ) ( 0.0077) (0.0376 ) ( 0.0356 )
[0.0161 ] [0.2834 ] [ 0.9586 ] [ 0.0407 | [0.4535 ] [ 0.0059 |
R? 0.59 0.59 0.80 0.84 0.80 0.51
920 0.36 0.81 0.49 0.37 0.63 0.84
Js0 0.79 0.93 0.78 0.91 0.88 0.81
Notes:

(i) P values are calculated using the|Hansen | (1997) method.

(i) Standard errors in parentheses ‘(-)’

(i) P-values in brackets ‘[-]’

Prior to discussing the coefficients, for each of the six energy sub-indices considered

structural breaks are found; 2004 for the Japanese indices; 2008 for the Indian indices;

The direct and indirect effects of o0il shocks
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and 2011 for Korea and Taiwan. Thus for the energy specific sub-indices while there is
structural instability, it is not clear that this is due to a common event, particularly the
2008 financial crisis. However, regarding the results for Korea and Taiwan, it is worth
recalling that these series start in 2008 and 2007 respectively, and in this regard (and
given the ‘trimming points’ used for structural break testing) it is not surprising that

they do not find a break within 2008.

Turning now to the main parameter of interest, J the estimated coefficient are signif-
icant in four out of the six markets analyzed. For the Japanese TPX oil has a significant
and positive effect (coefficient of 0.0292) from the start of 2005, but not before this. For
SENSEX 1 (oil and coal), oil shocks are significant prior to December 2008 (coefficient of
0.0236), but not after, while for SENSEX 2 the opposite is seen, with no significance be-
fore the break date in October 2008, but a positive and significant effect after (coefficient
of 0.0157). The TWSE is significantly influenced by oil shocks after May 2011 (coefficient
of 0.0980). The common feature therefore is that when significant, the direct effect of oil
shocks upon energy related stocks in the Asia Pacific Region is positive. However, for two
of the markets there is no significant influence from oil shocks. Thus even when confining
analysis to energy related stock portfolios, a direct effect from oil shocks cannot always

be guaranteed.

Turning next to the 3 coefficients on market risk, as expected all coefficients on market
returns are significant and positive both before and after the break dates, with estimated
values being generally close to unity. The strong explanatory power of the market returns
in explaining the behaviors of the energy related stock returns is consistent with the
capital asset pricing model and empirical findings in the wider financial literature. The R?
values are generally decent ranging between 0.44 (Taiwan) to 0.74 (Korea). As might be

expected, the intercept terms are insignificant suggesting that changes in energy portfolio
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values must be driven by some market force, and are not purely exogenous.

Since all of the estimated [ coefficients in Table (1) are always significant there is a

possible indirect effect of oil shocks also, the existence and nature of which depending on

the estimation results for Equation , which are presented next.

Table 2: Subsample estimation results for indirect effect

TPX NKY SENSEX (1) SENSEX (2) KOSPI TWSE
Break date 8/20/2008 8/19/2008  6/12/2008 7/3/2008 10/10/2008 12/25/2008
Full sample
Intercept 0.0000 0.0000 - - - 0.0000
(10.0002 ) (10.0002 ) (10.0004 )
[0.9894 ] [0.8792 ] [ 0.9641 ]
Oil 0.0396 0.0495 - - - 0.1150
(0.0120 ) (0.0140 ) (0.0172)
[0.0010 ] [ 0.0004 ] [ 0.0000 ]
R? 0.01 0.01 - - - 0.05
920 0.97 0.50 - - - 0.65
J50 1.00 0.16 - - - 0.03
Pre-break
Intercept - - 0.0018 0.0014 -0.0039 -
(10.0004 ) (10.0005 ) (0.0014 )
[ 0.0000 ] [0.0038 ] [ 0.0046 ]
Oil - - 0.0352 0.0578 0.1035 -
(0.0160 ) (0.0209 ) (0.0503 )
[0.0285 ] [ 0.0058 ] [ 0.0396 ]
R? - - 0.01 0.01 0.08 -
G20 - - 0.49 0.65 0.34 -
950 - - 0.21 0.79 0.08 -
Post-break
Intercept - - 0.0001 0.0001 0.0005 -
(10.0005 ) (10.0005 ) (10.0005 )
[0.7965 ] [0.7965 ] [0.2807 ]
Oil - - 0.2540 0.2540 0.2316 -
(0.0242 ) (0.0242 ) (0.0262 )
[ 0.0000 ] [ 0.0000 ] [ 0.0000 ]
R? - - 0.13 0.13 0.08 -
g20 - - 0.71 0.71 0.94 -
950 - - 0.77 0.77 0.68 -
Notes:

(i) P values are calculated using the|Hansen | (1997) method.

(i) Standard errors in parentheses ‘(-)’

(i) P-values in brackets ‘[-]’
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4.2 Evidence of an indirect effect

Regarding the indirect effect, Table (2) reports the estimation results for Equation ({4]).
The Pearson Chi-squared tests, when using 20 bins, all support the use of the Johnson SU
assumption in the GARCH model, when using 50 bins the TWSE marginally rejects (with
a p-value of 0.03). Given the relatively shorter time-series for this index, the we favor
the results with fewer bins, and as such consider the test results as generally supportive

of the Johnson SU distribution.

The estimated ¢ coefficients are significant in all six instances. For the TPX and NKY
indices and also the TWSE index, there is no evidence of a structural break, whereas for
SENSEX 1, SENSEX 2 and KOSPI, there are breaks in June, July and October of 2008
respectively, possibly suggesting an important role for the 2007/2008 global financial
markets. For TPX the effect is positive (coefficient of 0.0396), and is roughly a similar
order of magnitude for the NKY index (coefficient of 0.0495). The TWSE index is
generally much more exposed to oil shocks (coefficient of 0.1150). For SENSEX 1 (oil
and gas) the effect of oil shocks are small before the 2008 break (coefficient of 0.0352)
rising by several orders of magnitude after the break (coefficient of 0.2540). For SENSEX
2 (oil and gas) a similar pattern persists but with a slightly larger influence before the
break (coefficient of 0.0578) but the same after’] Finally, for KOSPI it is also seen that a
small impact (coefficient of 0.1035) strengthens substantially after the break (coefficient
of 0.2316). The common feature therefore is that the direct effect of oil shocks upon

energy related stocks in the Asia Pacific Region is positive[”]

Bringing the results together, namely the direct and indirect effects combined, for

9This similarity between SENSEX 1 and SENSEX 2 is entirely expected. The data for these two
results are the same except for the sample size, with SENSEX 2 covering a shorter time frame for
consistency with the data available for the SENSEX power portfolio.

0T here is notable variation in the size of effect across the markets. It would be presumptuous without
closer analysis to explain why these differences are so large, although the energy consumption structures
of the economies probably have something to do with it, as alluded to by |Gogineni | (2010)).
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all of the markets considered there exists an indirect effect during all periods, since the
market beta is always significant for the energy related stock portfolio and further since
oil shocks always affect the full market. It follows immediately then that oil shocks are
always important for these markets, at least indirectly. Four of the markets also exhibit
a direct response to oil shocks (TPX, SENSEX 1, SENSEX 2 and TWSE), while two of
the markets are not directly exposed (NKY and KOSPI). This therefore provides useful
information to market investors in these regions as to when and how they need to respond
to oil shocks. As mentioned previously, loosely speaking 3 tends towards 1, and so a quick
comparison of § and x can give a rough approximation as to whether the direct or indirect
effect is more Severe.B The range of values for § (the direct effect) are from 0.00157 to
0.0980, while for x (the indirect effect) are 0.0352 to 0.2540. Clearly the indirect effect is

much more severe than the direct effect.

4.3 The impact of alternative oil shock definitions

The above analysis has demonstrated the existence of two channels of effect that oil shocks
can transmit onto a stock market portfolio. Here, we wish to establish the robustness
of our conclusions to the definition of oil shock chosen. As discussed, this involves re-
estimating the above results substituting oil returns (Rp:) for OPI and NOPI. Tables
(3) and (4) summarize the results of the extra analysis, concentrating on two features
only, first the estimated break dates, and second the oil shock coefficients. For brevity

standard errors are not reported, but p-values are still given.

The first column of Table (3) shows just how important the choice of oil shock is.
The pre-break results for the TPX index support all possibilities: (i) for R, there is no

effect; (ii) for OPI there is a significant and negative effect; and (iii) for NOPI there is

A more formal calculation would take account of the breaks in both the direct and indirect effects,
however the difference in magnitude of x and § are obvious, reducing the need for specificity.
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a significant and positive effect. In absolute terms, the impact implied by NOPI is ten
times greater than that of OPI. This is perhaps the most severe example, but nonetheless
reinforces the impact of choice of oil shock definition emphatically, both in terms of sign
and magnitude. The post break results for the same index (TPX) are all positive and
significant, but nonetheless also differ substantially in magnitude. As a rule, it seems to
be that the coefficient magnitude is ordered thusly [NOPI| > |OPI| > |Ro./|, but this
is not a perfect rule by any means. A more pleasing feature of the results is that the

estimated break dates are very consistent, often being the exact same day.

Table 3: Alternative oil shock definitions: Direct effect.

TPX NKY  SENSEX (1) SENSEX (2) KOSPI  TWSE

Break date

Roy 12/29/2004 11/2/2004 12/16/2008  10/10/2008 2/28/2011 5/31/2011
OPI 12/30/2004 12/28/2004 1/3/2008 10/10/2008 2/28/2011 6/8/2011
NOPI 11/3/2004 12/28/2004 12/16/2008  10/10/2008 2/28/2011 5/12/2009
Pre-break

Ro, -0.0056 0.0074 0.0236 -0.0142 -0.0006 0.0125
[ 0.7805 ] [ 0.7055 ] [ 0.0187 ] [ 0.2536 ] [0.9917 ] [0.5140 ]
OPI -0.0572 -0.0392 0.0120 -0.0296 -0.0188 0.0174
[0.0728 ] [ 0.2077 ] [0.9581 ] [0.1258 ] [0.2410 ] [ 0.6510 ]
NOPI 0.5010 0.3884 0.1165 0.0089 0.0743 -1.1818
[ 0.0010 ] [ 0.0001 ] [ 0.0807 ] [ 0.9327 ] [0.2041 ] [0.0841 ]
Post-break
Roy 0.0292 0.0163 0.0012 0.0157 -0.0282 0.0980
[0.0161 ] [0.2834 ] [ 0.9586 ] [ 0.0407 | [0.4535 ] [ 0.0059 ]
OPI 0.0467 0.0328 0.0466 0.0215 -0.0350 0.1528
[ 0.0328 ] [0.0774 ] [ 0.0034 ] [ 0.0390 ] [0.5182 ] [0.0110 ]
NOPI 0.3792 0.4085 -0.0804 0.0419 -0.1350 0.1379
[ 0.0011 ] [ 0.0001 ] [ 0.6566 ] [ 0.2266 ] [0.3179 ] [ 0.0490 ]
Notes:

(i) P-values in brackets ‘[-]’

For the indirect effect the results are reported in Table (4). Again the TPX results
serve as a useful first benchmark. Whether using OPI or NOPI, no significant effect
from oil shocks can be found, in contrast to the positive significant effect when using
Ro,. Thus for TPX the indirect effect could be shown under differing assumptions not to

exist. In contrast for the NKY index the effect implied by OPI is almost identical to that
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from using Ro, but NOPI is three times larger and with the opposite sign, thus an effect
exists but the sign of effect is not determined. The estimated break dates are generally
consistent, but with less closeness than for the direct effect, some breaks disappear (see
NOPI results for SENSEX 1 and SENSEX 2) and others emerge (see OPI and NOPI
results for TWSE).

Table 4: Alternative oil shock definitions: Indirect effect.

TPX NKY SENSEX (1) SENSEX (2) KOSPI TWSE
Break date

Ro - - 6/12/2008 7/3/2008 10/10/2008 -
OPI - - 12/9/2008 12/30/2008 2/6/2009  1/26/2009
NOPI - - - - 10/10/2008  5/8/2009
Full sample
Ro+ 0.0396  0.0495 0.1150
[0.0078]  [0.0099 ] ] [ 0.0450 ]
OPI 0.0355  0.0428
[0.2036] [0.0507 ]
NOPI -0.1319 -0.1578 -0.2912 -0.1068
[0.1419]  [0.0547 ] [ 0.0345 | [0.2380 ]
Pre-break
Ro 0.0352 0.0578 0.1035
[ 0.0285 ] [ 0.0058 ] [ 0.0396 ]
OPI 0.0543 0.0787 0.1160 0.0602
[ 0.0195 | [ 0.0042 ] [0.0162 ] [0.1370 ]
NOPI -0.0856 1.8978
[ 0.4009 ] [ 0.0470 ]
Post-break
Ro. 0.2540 0.2540 0.2540
[ 0.0000 ] [ 0.0000 ] [ 0.0000 ]
OPI 0.3811 0.3811 0.3404 0.1707
[ 0.0000 ] [ 0.0000 ] [ 0.0000 ] [ 0.0000 ]
NOPI -0.0856 -0.1742
[ 0.4009 ] [ 0.0925 ]
Notes:

(i) P-values in brackets ‘[-]’

Given these results, one concern is the seemingly arbitrary nature of selecting the
definition of oil-shocks used. The potential exists to obtain a significant result simply by

using one definition over the other.
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4.4 News Impact Curves

As a closing feature of the empirical analysis, we briefly present the empirical news impact

curves derived from estimated models.
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Figure 2: Estimated asymmetric News Impact Curves.

These types of curve, first introduced by |Engle and Ng | (1993)), illustrate the respon-
siveness of the conditional heteroskedasticity to positive and negative news. Since the

estimated models use a GJR /threshold asymmetric specification, the responses to posi-
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tive and negative news can be quite different. Figure (2) plots the NIC curves for both
the direct and indirect effect models, using ROil as the measure of oil shocks. Each plot
contains three lines (i) a solid gray line showing the full-sample NIC and (ii) a dashed
black line showing the pre-break NIC and (iii) a dotted black line showing the post-break

NIC.

In trying to discern a common pattern, the following might be offered. For the indirect
effect, i.e. the market returns equation, negative news increases the market volatility
(captured within the conditional heteroskedasticity) whereas for the direct effect, i.e.
the portfolio returns equation, the reverse is sometimes true, with positive news often
impacting the volatility more than (or at least as much as) negative news. We appreciate
that understanding this difference between the market and energy related stocks may offer
some benefits/opportunities in hedging against unexpected risk, though do not discuss

this further here.

5 Conclusions

In this paper we have investigated how oil price shocks impact energy related stock
portfolios in the Asia Pacific Region. Owing to conflicting debates in the related literature
regarding the existence of any effect, we consider two possible channels of effect, one
direct and another indirect. Both channels are discussed in existing studies, but there
nonetheless remains a general lack of empirical work considering the inter-relation between
the two effects, resulting in a focus on one or the other, but not both at the same time.
By doing so here we offer a more complete picture of when and how oil shocks effect
stock returns, thus allowing investors to make more informed responses to oil shocks.
The results are illustrated using daily data from all (active) listed energy related stock

portfolios in the Asia Pacific Region.
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It is shown that oil shocks can effect stocks directly, but also indirectly through general
market risk, which is shown to be due in part to oil shocks. We demonstrate that the
direct effect is not always present, even when concentrating upon energy specific stock
portfolios. However the indirect is always present, thus for the six indices considered there
is always some effect of oil shocks. These effects, when significant are positive, which is to
say that a sudden rise in oil prices leads to positive returns on energy related stocks. The
findings are robust to structural breaks, which appear in almost all cases. The indirect
effect turns out to be larger than the direct effect, but this is perhaps to be expected
since the direct effect, at least in the context of our empirical framework, represents an
additive effect to any indirect risk exposure embedded in the traditional market beta.
Without attempting to detract from the value of our analysis, we are confident the result
that oil shocks are always significant will not generalize to all empirical cases, but we are
more confident that the possibility of direct and indirect co-existing can add important
value to existing research. What is presented here hopefully offers a different perspective

on the way to analyze such problems.

To further establish the robustness of the findings, alternative definitions of an oil
shock are considered. In addition to oil price returns, two other measures are also consid-
ered, namely oil price increases and net oil price increases. This robustness assessment
muddies the results a little, highlighting the sensitivity of the results, in particular sign
and magnitude of effect, to the choice of definition. A potential concern therefore is in the
arbitrariness in selection of the definition of oil-shocks used. Potential exists to obtain a
significant result simply by choosing one definition over another, but doing so may lead
to different conclusions both in term of magnitude and sign of effect. Additional research

is needed in this direction.
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