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Abstract

The paper presents an empirical study of volatility spillover from oil prices
to stock markets within an asymmetric BEKK model. Using weekly data on
the aggregate stock markets of Japan, Norway, Sweden, the U.K., and the
U.S., strong evidence of volatility spillover is found for all stock markets but
the Swedish one, where only weak evidence is found. News impact surfaces
show that, although statistically significant, the volatility spillovers are quan-
titatively small. The stock market’s own shocks, which are related to other
factors of uncertainty than the oil price, are more prominent than oil shocks.
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1 Introduction

Understanding the links between financial markets is of great importance for a finan-
cial hedger, portfolio manager, asset allocator, or other financial analysts. The study
of volatility spillover from one market to another is a crucial part of this issue. There
exists a large literature on volatility spillover, and a variety of markets have been
considered, such as the equity, the bond, and the exchange rate markets. Karolyi
(1995) examines the short-run dynamics of returns and volatility between the U.S.
and Canadian stock markets. Kearney and Patton (2000) study how exchange rate
volatility transmits within the European monetary system prior to the unification of
currencies. Furthermore, Bollerslev, Engle, and Wooldridge (1988) model the condi-
tional covariance of returns to bills, bonds, and stocks, and find that the covariances
are quite variable over time. This paper analyzes the conditional volatility of oil and
stock markets. Does oil price uncertainty transmit to stock markets? The issue is
studied empirically within a bivariate generalized autoregressive conditionally het-
eroskedastic (GARCH) model, specifically, the asymmetric BEKK model of Engle
and Kroner (1995) and Kroner and Ng (1998).

It is well documented that the conditional volatilities of stock market indices
change over time. Many researchers are intrigued by the causes for these changes,
and a large empirical literature exists where time series data on financial and macro-
economic variables are studied in relation to stock market data. Officer (1973) is
first to present evidence of a relationship between the market factor (aggregate stock
market) variability and business cycle fluctuations, as measured by industrial pro-
duction. Schwert (1989) performs vector autoregressions and finds weak evidence
that macroeconomic volatility can predict stock market volatility. The volatility of
bond returns and the growth rates of the producer price index, the monetary base,
and industrial production, are used as macroeconomic variables. King, Sentana,
and Wadhwani (1994) employ a different approach and estimate a multivariate fac-
tor model, where comovements in stock return volatility are induced by the volatility
of a number of factors. Using data on not only the U.S. but on sixteen national stock
markets, King et al. (1994) try to identify the causes for stock volatility through
both "observable" factors, e.g. interest rates, industrial production and oil prices,
and "unobservable" factors, which reflect the influences on stock volatility that are
not captured by published statistics. Their results display little support for the
observable economic variables. Instead, King et al. (1994) argue that unobserv-
able uncertainty contributes to the variability in stock returns, and, also, to the
comovements in stock volatility across national markets.

The current paper shifts focus from general macroeconomic variables to the oil

price, in analyzing the time-variation of stock volatility. The focus on oil is mo-
1



tivated by the large literature relating oil prices to the macroeconomy. Hamilton
(1983) presents an influential article, which shows that almost all U.S. recessions
since the second world war have been preceded by oil shocks. Mork (1994) surveys
the extensive literature on oil and the macroeconomy following Hamilton (1983),
and demonstrates a clear negative correlation between oil prices and aggregate mea-
sures of output or employment. Moreover, Hamilton (1985) argues that oil shocks
are exogenous events, since the causes can be attributed to historical events, e.g.,
the Iraq invasion of Kuwait in 1990. Since stock prices, in theory, equal the dis-
counted expectation of future cash-flows (dividends), which are likely to be affected
by macroeconomic movements, they are possibly affected by oil shocks. Also, an
oil price increase acts like an inflation tax on consumption, reducing the amount of
disposible income for consumers. Non-oil producing companies face higher fix costs,
which are passed on to higher consumer prices. These effects decrease company
wealth, lowering their dividends.

There exist a few papers that link oil prices to stock markets. Jones and Kaul
(1996) test whether stock markets are rational in the sense that they fully adjust
to the impact of oil shocks on dividends. Studying the U.S., Canadian, Japanese,
and U.K. stock markets, Jones and Kaul (1996) initially show that all the markets
respond negatively to oil shocks. A cash-flow valuation model is then applied, and
evidence is found that U.S. and Canadian stock indices fully account for oil shocks
via the effects on dividends. In contrast, stock markets in Japan and the U.K.
display larger variation, following an oil shock, than can be explained by changes in
dividends. While Jones and Kaul (1996) use quarterly data, Huang, Masulis, and
Stoll (1996) consider daily data on the oil futures market and the stock market, and
estimate a vector autoregressive model. Evidence of a connection between oil futures
returns and oil stock returns is presented. There is no such support for aggregate
stock returns during the 1980s however. Sadorsky (1999) studies the impact of real
oil price shocks on real stock returns by estimating vector autoregressions, including
U.S. industrial production and short interest rates. The study separates positive
from negative oil shocks, and, contrary to Huang et al. (1996), presents evidence
that shocks to the oil price do affect aggregate stock returns. Moreover, the impact
appears to be asymmetric, since positive oil shocks are of large importance, whereas

negative ones have little or no effect. Basher and Sadorsky (2004), using a multi-

'Recently, Rogoff (2006) surveys the literature on oil shocks and the global economy, and argues
that most oil consuming countries are less vulnerable to oil shocks than they were a few decades
ago. The greater energy efficiency is reported as one reason. Nevertheless, Rogoff (2006) stresses
that it would be very wrong to consider the oil-induced recessions as a thing of the past.



factor arbitrage pricing model, find strong evidence that oil price risk impacts returns
of emerging stock markets.?

Most of the previous work relates the level of oil price changes to the level of stock
returns, i.e., first-order moments are analyzed. The current paper demonstrates a
study of oil price and stock market volatility, i.e., second-order moments are con-
sidered. Although some papers address this issue, e.g., Schwert (1989) and King
et al. (1994), the present paper employs a substantially different model. The bi-
variate GARCH model specifies the conditional variances and covariance of oil price
changes and stock returns so that, for instance, volatility spillover can be tested for
in a simple manner.

Bollerslev et al. (1988) introduce multivariate GARCH (MGARCH) modeling,
and propose a general parameterization of the conditional covariance matrix called
VECH.? The VECH model does not impose any restrictions on its parameters,
implying that the positive definiteness of the conditional covariance matrix is not
guaranteed. The model is also quite computer-intensive in estimation, relative to
other MGARCH models, because of its large number of parameters. To circumvent
these problems, Engle and Kroner (1995) present the BEKK specification of the
conditional covariance, and, later on, Kroner and Ng (1998) extend this model to
allow for asymmetry.* The BEKK model is specified using quadratic forms, which
guarantees positive definiteness.

This paper adopts the asymmetric BEKK (ABEKK) model to examine if oil price
volatility transmits to stock market volatility. A bivariate VAR(2)-ABEKK model is
estimated using weekly returns on five aggregate stock market indices and a measure
of the oil world price.” Parameter restrictions are imposed so that stock returns do
not affect oil prices, motivated by the proposed exogenity of oil shocks (Hamilton,
1985). The asymmetric effects of oil price shocks are motivated empirically by Mork,
Olsen, and Mysen (1994), studying macroeconomic variables, and, as previously
mentioned, Sadorsky (1999). Over the sample period from week one of 1989 to week
seventeen of 2005, strong evidence of volatility spillover is found for Japan, Norway,
the U.K., and the U.S. Weak evidence of volatility spillover is found for Sweden
over the sample period. Although the empirical results show that volatility spills

over from oil to stock markets, news impact surfaces, which illustrate the estimated

20Other studies relating oil to stock markets include Sadorsky (2003) and Huang, Hwang, and
Peng (2005).

3The name stems from its use of the vech-operator, which stacks the lower-triangular elements
of a square matrix into a vector.

4The BEKK acronym stems from an unpublished paper by Y. Baba, R. Engle, D. Kraft, and
K. Kroner.

®VAR(2) is an abbreviation for the second order vector autoregressive model.
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one-period ahead impact of an oil shock, reveal small quantative effects. The stock
market’s own shocks, which are related to other sources of stock market uncertainty
than the oil price, have more prominent implications.

Are the obtained results sensitive to the choice of data frequency? Since stock
markets respond quickly to economic uncertainty, it might be that volatility spills
over at a faster pace than first examined. Therefore, a second set of estimations
is carried out where the weekly oil price data is leaded one period. In this way,
volatility spillover is tested within the week instead of from one week to the next.
Evidence of volatility spillover is however not found, supporting the primary use of
weekly data. In all, the paper deepens our knowledge of how stock markets link to
oil prices.

Studying the oil price influence on stock markets is an interesting and important
issue, even more so recently when the world oil price has displayed great instability.
During April of 2006, the price of crude oil was in the neighborhood of (U.S.) $70
per barrel, which is well above the price of $20 during most of the 1990s. In a recent
survey of oil in the Economist, Vaitheeswaran (2005) proposes that the explanation
for the rise is that oil markets have seen an abnormal combination of tight supply,
surging demand, and financial speculation. One might also consider the unstable
political situation in the Middle East a candidate cause for the rise in oil prices.
With these aspects in mind, is the future price per barrel of oil expected to rise
even more? Not necessarily. The extensive list of oil projects financed by both
governments and private firms might lead to such a great supply that even high
demand economies, e.g. China, cannot prevent a future supply shock, leading to a
possible decline in prices.® The only safe statement about oil prices in the future,
Vaitheeswaran (2005) argues, is that they will continue to be highly unstable.

The remaining part of the paper is organized as follows: Section 2 presents the
data set used. The statistical model is introduced in section 3, where estimation
and testing issues are discussed as well. Section 4 reports on the empirical results,

and section 5 concludes.

6Recently, in May of 2005 the Baku-Thilsi-Ceyhan pipeline was opened, bringing Caspian oil
to the world market. When its potential is fully operated in 2009, the pipeline will carry about
one million barrels of oil per day, or more than one percent of the world oil market.
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2 Data Set

National stock markets are most likely to be affected differently by oil shocks de-
pending of the overall country-dependence on oil. For this reason it is important to
include a number of markets in the current analysis. I use a set of data consisting
of aggregate stock market indices representing five developed economies, namely
Japan, Norway, Sweden, the U.K., and the U.S., together with a measure of the
world oil price. Each index describes the overall performance of large-capitalization
firms in the respective country. Dividends are assumed reinvested at the end of each
period, and, hence, accounted for in the data. Furthermore, the price per barrel

Brent crude measures the world oil price.”

Table 1: Summary Statistics for Weekly Percentage Returns on Five National Stock
Market Indices and the Oil Price

Japan Norway Sweden U.K. U.S. OIL

Mean (%) -0.0404 0.176 0.206 0.185 0.209 0.128

Max. (%) 11.0 11.96 17.05 9.72 7.53 21.0
Min. (%) -10.4 -18.21 -15.4 -8.50 -12.3 -32.7

Std. dev. (%) 2.72 2.704 2.87 2.04 2.13 5.21
Skewness 0.0434 -0.493 -0.108 -0.0626 -0.500 -0.585

Ex. kurtosis 0.96 3.538 3.01 1.63 2.99 3.21

IB 33.0%* 478* 323* 95.1°%* 352% 414*
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)

LBQ 11.9 23.67* 30.6* 5.64 25.3* 124
(0.156) (0.0026) (<0.001) (0.688) (0.0014) (0.133)

LBQ? 91.4% 102* 102* 79.8% 76.4%* 59.0%*
(<0.001) (<0.001) (<0.001) (<0.001) (<0.001) (<0.001)

* * * * * *

ARCH LM 56.1 86.9 65.4 64.5 56.1 37.9

(<0.001)  (<0.001)  (<0.001)  (<0.001)  (<0.001)  (<0.001)

The table displays summary statistics for weekly returns on the aggregate stock markets of Japan
(S&P/TOPIX), Norway (BXLT), Sweden (SIXRX), the U.K. (FTSE350), and the U.S. (S&P500),
along with the price change of Brent crude oil. The sample period is from 1989:1 to 2005:17. JB is
the Jarque-Bera statistic under the null of normality. LBQ (LBQ?) is the univariate Ljung-Box @
statistic for serial correlation in returns (squared returns). ARCH LM is the Lagrange multiplier
test of autoregressive conditional heteroskedasticity (Engle, 1982). All tests of correlation use

eight lags. p-values are in parentheses. * indicates significance at five percent level. Data source:
EcoWin Pro.

All data are at the weekly frequency (last observation of the week), and cover the
first week of 1989 through week seventeen of 2005, yielding a total of 852 observa-

tions. By using weekly data the study is relieved from the noise of higher frequency

"The Brent blend is a light and sweet crude that ships from Sullom Voe in the Shetland Islands.
It serves as a benchmark for pricing oil from regions such as Europe, Africa, and the Middle East.
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data, e.g. daily or intraday, while still capturing much of the information content
of stock indices and oil prices, as opposed to lower frequency data, e.g. monthly or
quarterly. Moreover, the choice of data frequency differs the current analysis from
previous work within the literature, where daily, monthly, as well as quarterly data
have been considered.

The percentage change or return over one data period, denoted r;;, is derived as

one hundred times the log-difference in prices over the period, i.e.,

rir = 100 x log i (1)
Py
where P} is the price level of market ¢ at time ¢. Table 1 reports on summary statis-
tics of the return data on all five stock indices and the oil price. All stock markets
but Japan have had a positive average weekly return over the sample period. Stan-
dard deviations are centered around 2.5 percent except for the oil price, which has
varied 5.21 percent. All data series display non-zero skewness and excess kurtosis,
leading to highly significant Jarque-Bera statistics, which indicate that the returns
are non-normally distributed. Moreover, results of the Ljung-Box @) test suggest
that serial correlations exists in the Norwegian, the Swedish, and the U.S. stock re-
turn data. Both the Ljung-Box @) test for squared returns and the ARCH Lagrange
multiplier test indicate strong presence of ARCH-structure in all data series.
Figures 1 and 2 illustrate the data. Figure 1 plots the weekly index/price level of
the six data series. Observe that the oil price was rather stable around $20 during
the 1990s apart from the spike in 1990-91 when the Gulf war commenced. Since the
1990s, the oil price level has shown more instability. The aggregate stock market
indices have risen during the sample period, with the exception of Japan. Figure
2 graphs the weekly percentage returns of all data series derived according to (1).
Notice that the stock return conditional volatilities are historically large, even during
the 1990s. The return series display volatility persistence (clustering) in accordance
with the previous statistical test results. It is, however, difficult to visually detect
any comovements in conditional volatility between oil and stock markets. I leave

this to statistical modeling and testing.



Figure 1: Weekly Indices of Five National Stock Markets and the Oil Price
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The figure plots the historical development of five aggregate stock markets representing Japan,
Norway, Sweden, the U.K., and the U.S., respectively; along with the price of Brent crude oil in
2005 U.S. dollars per barrel. The sample period covers week one of 1989 through week seventeen
of 2005.



Figure 2: Weekly Returns of Five National Stock Markets and Changes in the Oil
Price
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The figure plots historical returns (%) of five aggregate stocks representing Japan, Norway, Sweden,
the U.K., and the U.S., respectively; along with the price change of Brent crude oil. The sample
period covers week two of 1989 through week seventeen of 2005.



3 Statistical Model

Consider a bivariate sequence of data {r;}._, consisting of oil price changes and

stock market returns. The following statistical model is employed:

r, = p+0r,_+7mr o+ ey, (2)
Er = H;/Qvt, (3>
and

where €, is a 2 x 1 vector of residuals, v; is a 2 x 1 vector of standardized (i.i.d.)
residuals, H; is the 2 x 2 conditional covariance matrix, 7, is a 2 X 1 asymmetric
term (defined subsequently), and u, §, w, C, A, B, and G are model parameter
matrices. The mean equation (2) is represented by a VAR(2) model. In this way,
any existing serial correlation in the return series is removed, which is crucial since
the parameter estimates of H; would otherwise be biased. The conditional variance-
covariance matrix of (4) is specified according to the ABEKK model of Kroner and
Ng (1998). Notice that the structure consists of quadratic forms, which secures the
positive definiteness of H;. The statistical model of (2)-(4) is referred to as the
VAR(2)-ABEKK model.®

The ABEKK model includes an asymmetric term, 1, = (1, 75;)’, which elements
are defined as: n;,, = max[e;, 0], for oil price changes; and 7;, = min[e;, 0], for stock
returns. This specification of 17, emphasizes on the effects of positive oil shocks and

negative stock returns. The latter emphasis is motivated by Glosten, Jagannathan,
and Runkle (1993).

3.1 Parameter Restrictions

To ensure that stock prices have no impact on oil prices, which is economically jus-
tifiable following Hamilton (1985), some restrictions are imposed on the parameter
matrices of (2) and (4).° Explicitly, the restricted VAR(2)-ABEKK model has the

following structure:

T = M+ 0uTie1 + Turiee + €, (5)

Tot = flo + 091714—1 + 022721 + To1T1 12 + ToaTat—2 + €4, (6)

8 Bauwens, Laurent, and Rombouts (2006) survey the literature on MGARCH models.
9The restricted model is supported statistically as well, since the parameters that are restricted
to zero display insignificant estimates following an unrestricted estimation.
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and
1/2
€1t _ hll,t h12,t V1t (7)
Ea¢ hlZ,t h22,t (7 ’

_ 2 2 2 2 72 2.2
hiiy = cll+a1151,t—1+bllh11,t—1+glln1,t—17 (8)

where

hi2t = ciici2 + @116L125it_1 + a11Q22€1 416241

+b11b12h11 -1 + b11bashi2 1

+91191277%,t71 + 91192271 t-1M2,4—1> 9)
hooy = cfz + 032 + @32531:71 + a§2€§’t,1 + 21202261 t—1€24—1

+075h114-1 + boghas s 1 + 2b1abaohias 1

+9%277%,t—1 +9§277§,t—1 + 2g12922M1 417241 (10)

In (5) and (6), r1; (re) represents the period ¢ percentage change in oil (aggre-
gate stock) prices according to (1). Stock returns do not affect oil price changes
in equation (5), but oil price changes do affect stock returns, as (6) shows. More-
over, the conditional variance of oil price changes, hy14, is simply modeled by the
univariate GJR(1,1) model of Glosten et al. (1993), while the conditional variance
of stock returns, hes;, and the conditional covariance, his;, are modeled with more
complexity. The ABEKK model allows, for instance, the conditional variance of
stock returns to depend on its own lagged conditional variance and lagged shocks,
the lagged conditional variance and lagged shocks of oil price changes, as well as
cross-terms. The parameter a;2 in (10) captures the effect of an oil shock at ¢t — 1
on the conditional variance of stock returns at ¢, and b, measures the impact of
the oil price conditional variance on the one-period ahead conditional variance of
stock returns. The parameters of the ABEKK specification do not represent such
impacts directly however, since parameters are squared or cross-multiplied. This
implies that the interpretation of individual parameter estimates is not straightfor-
ward. Nevertheless, the statistical significance of the parameter estimates can be

investigated.

3.2 Estimation

The bivariate restricted VAR(2)-ABEKK model is estimated using the quasi max-
imum likelihood (QML) method of Bollerslev and Wooldridge (1992). Given T

10



observations of r; = (ry;, r9:)’, the following optimization is considered:

maxlog Lr(0) = > (), (11)

where L is the sample likelihood function, # is a vector of parameters,

1(6) = log(2r) — log [H| — Je/H, "<, (12)
is the conditional log-likelihood function for a bivariate normally distributed vari-
able, and €; = (14, e2) and vech(H;) = (hy14, h1as, hooy) follow (7) and (8)-(10),
respectively. QML robust standard errors of the parameter estimates are derived to
account for the possibly false normality assumption.

To carry out the optimization of (11), the BFGS quasi-Newton method is applied
using the Matlab programming language.'’ Since the parameter vector 6 has a total
of 20 parameters (see equations (5)-(10)), the optimization is quite intricate and
sensitive to starting values. I use a number of simplex-algorithm iterations following

an initial guess of parameter values.!! This is found to help for convergence.

3.3 Tests of Model Fitness

To test the model’s fitness, the obtained estimated standardized residuals v, =
(014, 02¢) are analyzed. These are derived as the inverse of the Cholesky decompo-
sition of H; times the estimated residual vector &;, in line with (3). The statistical
model provides a good fit to the empirical data if a test of remaining serial corre-
lation and ARCH-structure comes out insignificant. Two such tests are performed,
namely the multivariate Ljung-Box () test, and a bivariate test based on the gener-
alized method of moments (GMM).

3.3.1 Multivariate Ljung-Box @ Test

The multivariate Ljung-Box @ (MLBQ) test of Hosking (1980) is a test of serial
correlation.!? Under the null that ¥, is independent of ¥;_1, ..., ¥;_x, where K is the

maximum lag length, the test statistic

K
MLBQ:T(T+2)ZT1

tr {Cojc&)l (UC&)I s (13)

=1

10The unconstrained minimization routine fminunc is employed.
The Matlab function fminsearch is employed.
2Box and Jenkins (1976) present the univariate Ljung-Box @ test.

11



where Cp; = T7! Zf:j 1 V¥, is derived.”® Applying the test to the squared
standardized residuals, ¥Z, the MLBQ test provides a test for ARCH-effects too,
referred to as the MLBQ? test. The statistic in (13) is x? distributed with 4(K — 2)
degrees of freedom. The lag length is arbitrarily set to K = 8, implying that serial

correlation up to eight weeks is examined.

3.3.2 GMM Test

The GMM approach to testing the model fitness relies on a number of moment con-
ditions. One advantage compared with the MLBQ test is that the GMM approach
tests for serial correlation and ARCH-effects simultaneously. Under the null of a cor-
rectly specified model, {0}, {02 — 1}, and {0;09} should be serially uncorrelated.

The following moment conditions should therefore hold:

Elvyv;4—x] = 0, fori=1,2, (14)
El040;,—] = 0, for (¢,5) = (1,2) and (2, 1), (15)
El(0; —1)(07,_, —1)] = 0,fori=1,2, (16)
E[(01409:)(01,4—k020-%)] = 0, (17)

where k£ = 1,2, ..., K. The model fitness is decided on by testing the seven moment
conditions (14)-(17) jointly using GMM.!* The test statistic is derived as

GMM =T - gr'Sr " gr, (18)

where gr is a vector of sample counterparts to the moment conditions, and St
is the corresponding sample variance-covariance matrix. The statistic (18) is 2
distributed with 7K degrees of freedom. Again, I set the lag length to K = 8.

Two simple simulation studies are conducted to determine the size of the two
test of model fitness.!® There is a tendency for the GMM test to reject a true null

too often. This is however only a problem if one observes many rejections.

3.4 Testing for Volatility Spillover

Consider the statistical model’s expression for the conditional stock return variance
n (10). Oil price uncertainty transmits to stock volatility, has;, through three chan-

nels; via the symmetric shock, €141, the asymmetric shock, 7, ,_;, or the conditional

13This presentation of the MLBQ test follows Hatemi-J (2004).
1 Ng (2000) carries out a similar GMM approach to testing model fitness.
15The size of a statistical test equals the probability of rejecting a true null hypothesis.

12



oil price variance of the previous period, h11+—1. Thus volatility spillover is tested
via the corresponding parameter estimates of ai2, ¢g12, and bis. There is evidence
of volatility spillover if a joint test of the three parameters being zero is rejected.

Formally, the null hypothesis
Hy:aia =b1 =912 =0, (19)

is tested by deriving both Wald and Likelihood ratio (LR) statistics. The Wald
test uses the obtained estimates of a2, ¢12, and by along with the corresponding
estimated variance-covarinace matrix, and a Wald statistic is derived in the usual
way. The LR test compares the maximum likelihood of the unconstrained estimation

with the one obtained when the constraint (19) is enforced.'

4 Empirical Results

This section presents the results of the statistical model estimation. The obtained
parameter estimates are analyzed, and news impact surfaces of Kroner and Ng (1998)
are presented. Such graphical illustrations show the impacts of an oil shock and a
stock price shock on, e.g., the one-period ahead conditional stock price volatility,
holding all past conditional variances and covariances constant at their unconditional
averages.!” In this way, the magnitude of the impact of an oil shock on conditional
stock volatility is illustrated. Moreover, a second set of estimations is carried out,
where oil prices a leaded one period, to test for within-the-week effects of volatility

spillover.

4.1 Primary Estimations

Table 2 summarizes the bivariate restricted VAR(2)-ABEKK estimation results.'®
Panel A presents the conditional mean parameter estimates. The estimated con-
ditional stock return intercepts, ., are all positive and significantly different from
zero at the five percent level except for Japan, where the estimated intercept equals
-0.1047 and insignificant. Oil price changes have conditional mean equations with
insignificant intercepts throughout. Evidence of stock return serial correlation is

found for Norway, Sweden, and the U.S, as was previously suggested by the signif-

16To read more on the Wald and Likelihood ratio statistics, see, e.g., Hamilton (1994).

1"The news impact surface is a direct multivariate extension of Engle and Ng’s (1993) univariate
news impact curve.

18Full estimation results including QML standard errors and p-values are presented in tables
A.1-A.5 in the appendix.
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Table 2: Restricted VAR(2)-ABEKK Estimation Results

Japan Norway Sweden U.K. U.S
Panel A: Conditional mean estimates
I 0.0907 0.0699 0.0736 0.0771 0.0683
Lo -0.1047 0.1843* 0.2553* 0.1844* 0.2769*
11 -0.0247 -0.0166 -0.0047 -0.0306 0.0061
021 -0.0176 0.0103 -0.0009 -0.0067 -0.0156
029 -0.0528 0.0719 0.0914* -0.0178 -0.1377*
T -0.0150 -0.0198 -0.0211 -0.0147 -0.0250
To1 0.0156 -0.0132 -0.0196 -0.0028 -0.0382%*
T2 0.0082 0.1049* 0.0555 0.0441 0.0505
Panel B: Conditional variance-covariance estimates
c11 0.7938* 0.8428* 0.8599* 0.7871* 0.8425*
C12 0.1182 0.7017* 0.6269%* -0.0434 0.1038
€22 0.6603* -0.0072 0.0001 0.2984* -0.0001
a1l 0.3127* -0.3529* 0.3637* 0.3338* 0.3470%*
a12 0.0049 -0.0367 -0.0462  -0.0388* 0.0003
a2 0.1768* 0.1628 0.0841 0.0433 0.0919
b11 0.9254* -0.9184* -0.9150*  0.9271* -0.9172*
b12 0.0145 -0.1489* 0.0001 0.0200* 0.0147
bao 0.9136* 0.9140%* 0.8971%* 0.9417* 0.9731%*
Jgi1 -0.2563* 0.1763 0.1627 -0.1681 0.2141
g12 0.0908* -0.0541 0.0774 0.0225 -0.0996*
g22 -0.2980* 0.3303* 0.5295*  -0.3691* -0.2394*
max L -4539.24 -4493.88 -4524.26  -4270.38 -4280.92
Panel C: Tests of model fitness
MLBQ 26.88 28.47 39.34 39.63 34.07
(0.525) (0.440) (0.076) (0.071) (0.199)
MLBQ? 38.12 31.05 23.57 25.62 29.56
(0.096) (0.315) (0.704) (0.594) (0.385)
GMM 51.53 61.05 67.28 68.86 73.36
(0.645) (0.299) (0.144) (0.116) (0.060)
Panel D: Tests of volatility spillover
Wald 17.57* 26.97* 12.07* 15.68%* 67.95*
(<0.001) (<0.001) (0.007) (0.001) (<0.001)
IR 10.50%* 21.52% 4.81 10.81* 15.04*
(0.015) (<0.001) (0.186) (0.013) (0.002)

The table summarizes the bivariate restricted VAR(2)-ABEKK estimation results. Variable 1 (2)
refers to oil (stocks). QML standard errors are used to determine parameter-estimate significance.

p-values are in parentheses. * indicates significance at five percent level.
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icant LBQ statistics of table 1. The Sweden and U.S. estimations give significant
estimates of d,5, which indicates serial correlation over one period, and the Nor-
way estimation results in a significant estimate of 799, suggesting a correlation over
two periods. Furthermore, the estimate of my; is negative and significant for the
U.S. alone, implying that positive oil shocks have a significant negative impact on
one-week ahead U.S. stock returns. The result for the U.S. supports previous work
by Jones and Kaul (1996) and Sadorsky (1999), although they use quarterly and
monthly data, respectively.

The stock return serial correlations are successfully removed by the VAR(2)
model, as the insignificant MLBQ statistics in panel C show. Considering, also,
the insignificant MLBQ? and GMM statistics in the panel, the statistical model
provides an overall good fit to the data. Panel B reports on estimates of the con-
ditional variance-covariance parameters. Notice that the a;; and by; parameters of
conditional oil price volatility are significant throughout, but that the parameter
representing asymmetric oil price volatility, gi1, is only significant in the Japan es-
timation. Consequently, oil price volatility is conditionally heteroskedastic, however
without displaying asymmetric effects to oil price increases and decreases in general.

Evidence of time-persistence in conditional stock market volatility is reported
on by the significant estimates of by, across all the five regressions. Rarely any
of the estimated symmetric shock parameters, ass, come out significant, while the
estimates of the asymmetric terms, goo, are significant across every stock market.
Thus the results support the finding of Glosten et al. (1993), and many others, who
present empirical evidence of asymmetric stock market volatility, i.e., negative stock
price shocks cause for larger swings in the next period’s conditional variance than
positive ones do.

The parameters of volatility spillover from oil price changes to stock returns, a2,
bi2, and g¢yo, are significant for some economies and insignificant for others. Oil price
shocks have significant symmetric effects on only the U.K. conditional stock price
volatility. Indications that the Japanese and U.S. aggregate stock markets respond
asymmetrically to oil shocks are shown via the respective significant estimates of
g12. Different from the other economies, the conditional stock price volatilities of
Sweden and Norway display no significant signs of responses to oil shocks. For
Norway, evidence of time-persistence between the conditional oil price volatility
and the one-period ahead conditional stock volatility, measured by b2, is presented
however. This is also the case for the U.K. stock market.

Although the parameters of volatility spillover are not significant overall, the tests

of volatility spillover, reported on in panel D of table 2, show significant evidence of
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such across all national stock markets. The Wald and LR statistics derived under
the null in (19) are greater than ten and significant across all countries but Sweden,
where the LR statistic is insignificant at 4.81. The Wald statistic for Sweden is
significant though. Hence, the results show strong evidence of volatility spillover
for Japan, Norway, the U.K., and the U.S., but only weak evidence for Sweden.
Moreover, the significant g;» estimates of Japan and the U.S. suggest that oil prices

have asymmetric volatility spillover effects on the stock markets of these economies.

Figure 3: News Impact Surfaces for Japan

Panel A: Stock Variance, t Panel B: Oil Variance, t
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The figure shows the news impact of shocks at time ¢ — 1 on the variances, covariance, and
correlation at time ¢ using Japanese data.

Table 2 presents evidence of volatility spillovers but gives no information about
their size. How large impacts do the oil price volatility spillovers have on the aggre-
gate stock markets? Figures 3-7 illustrate news impact surfaces for each respective
estimation. The graphs show the implied conditional variances (panels A and B), the
implied conditional covariances (panels C), and the implied conditional correlations
(panels D) following last period’s shocks, with all previous conditional variances and
covariances held constant at their unconditional averages. Specifically, panels A of
each figure present the impact of oil shocks and stock shocks on the one-period ahead
conditional stock variances. The figures show that, although significant spillovers

were previously presented, the impacts of oil shocks on stock volatility are quite
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Figure 4: News Impact Surfaces for Norway
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The figure shows the news impact of shocks at time ¢ — 1 on the variances, covariance, and
correlation at time ¢ using Norwegian data.

Figure 5: News Impact Surfaces for Sweden
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The figure shows the news impact of shocks at time ¢ — 1 on the variances, covariance, and
correlation at time t using Swedish data.
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Figure 6: News Impact Surfaces for the U.K.
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The figure shows the news impact of shocks at time ¢ — 1 on the variances, covariance, and
correlation at time ¢t using U.K. data.

Figure 7: News Impact Surfaces for the U.S.
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The figure shows the news impact of shocks at time ¢ — 1 on the variances, covariance, and
correlation at time ¢ using U.S. data.
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minor in comparison to the effect that stock returns’ own shocks have on volatility.
For example, studying panel A of figure 3, negative shocks to the stock price cause
the stock volatility to increase quite dramatically. For oil shocks however, the news
impact surface shows that a ten percent decrease in the oil price has barely any
effect on the Japanese stock price volatility. A ten percent increase in the oil price
has small effects on the Japanese aggregate stock variance, illustrating the suggested
asymmetric volatility spillover. For the U.S., where an asymmetry was suggested
as well, panel A of figure 7 indicates that positive oil shocks decrease the condi-
tional stock variance. This result is strange, since one expects positive oil shocks to
increase, and not decrease, stock volatility.

Panels B of figures 3-7 show that, because of the ABEKK model parameter re-
strictions oil price volatility is only affected by its own shocks. There is no clear
indication of asymmtric responses to positive and negative oil shocks, confirming the
previous results of table 2 except, perhaps, for the Japan estimation, where the gq;
estimate was indeed significant. Moreover, panels C and D display the news impacts
on the conditional covariances and the conditional correlations. These illustrations
show how oil shocks and stock shocks affect the one-period ahead conditional covari-
ance and correlation, respectively, between stock price returns and oil price changes.
Negative oil shocks and positive stock shocks cause for a clearly positive next-period
correlation in the Norway estimation, as panel D of figure 4 shows. However, the
relation is the opposite for the rest of the analyzed economies, where negative oil

shocks and positive stock shocks cause for a negative next-period correlation.

4.2 Second Set of Estimations with Leaded Oil Price

The previous subsection presents strong evidence of volatility spillover from oil price
changes to most of the analyzed aggregate stock markets. Since weekly data is
considered, oil price volatility spills over to stock markets from one week to the
next. One could, however, argue that the flow of oil price uncertainty is faster than
a week. Do stock markets actually move "simultaneously" with the uncertainty of
oil prices, i.e., within the same week?!? To answer this question, a second set of
estimations is considered where oil prices are leaded one period. Such a modification

alters the presentation of the statistical model in (5)-(10), which becomes

T = g+ O0urie1 + Turee + e, (20)

Tor = o + 091714 + 0227241 + Ta1714—1 + ToaT2 2 + Eat, (21)

19Within-the-week volatility spillovers are henceforth referred to as simultaneous or contempo-
raneous ones.
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and
1/2
€1t _ hll,t h12,t V1t (22)
Ea¢ hlZ,t h22,t (7 ’

hiiy = C%l + a%lgit—l + b%1h%1,t—1 + 9%177%,t—1> (23)

where

hiay = cuiciz + a11a12€%t + a11022€1:€2,4—1

+b11b12h11 4 + b11baghig 1

+g11g1275, + 911922M14M2,4—1> (24)
hooy = Ciy+ Gy + AipeTy + a5565 41 + 20120226 118211

+035h11s + baghag i1 + 2b12baohia 1

+01971y + 9aalzi1 + 2012922010241 (25)

where ry; (19:) represents conditional oil price changes (stock returns).

Notice the slight differences of model (20)-(25) compared with the previous one
of (5)-(10). Simultaneous effects of oil shocks onto conditional stock returns (21)
and conditional stock volatility (25) are now considered.

Table 3 summarizes the bivariate restricted VAR(2)-ABEKK model estimation
results when oil prices are leaded one week. Panel A reports on the mean equation
parameter estimates, where evidence of serial correlation in Norwegian, Swedish, and
U.S. stock returns is shown, just like in the previous estimations. Moreover, evidence
of positive mean spillover from oil prices to the Norwegian stock index is implied
by the significant estimate of d5;. This suggests that the Norwegian aggregate stock
market responds positively to a contemporaneous oil shock.

Panel B of table 3 presents the conditional variance-covariance parameter esti-
mates, and panel D reports on the tests of volatility spillover. The most striking
differences compared with the estimation results without leading the oil price is
that the two tests of volatility spillover now come out unanimously significant for
the estimation with the U.S. stock market only. The previous evidence of volatility
spillovers for the other stock markets are no longer present, which suggests that
only U.S. stocks vary contemporaneously with oil price variations. However, panel
C presents a significant GMM statistic of overall model fitness for the U.S. estima-
tion, rejecting the null of a good model fit, which weakens the interpretation of the
significant volatility spillover. Generally, there is no empirical evidence of simulta-
neous volatility spillovers from oil prices to stock markets, making the result that

volatility spills over from one week to the next more robust.
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Table 3: Restricted VAR(2)-ABEKK Leaded Oil Price Estimation Results

Japan Norway Sweden U.K. U.S
Panel A: Conditional mean estimates

I 0.0568 0.1273 0.0389 0.0992 0.0704

Lo -0.0882 0.1737* 0.2585* 0.1760* 0.2312*
11 -0.0071 -0.0084 -0.0199 -0.0187 -0.0164
021 0.0289 0.0927* 0.0034 0.0032 -0.0135
b9 -0.0408 0.0634 0.0892* -0.0190  -0.1354*
T -0.0170 -0.0244 -0.0243 -0.0189 -0.0298
To1 -0.0144 0.0097 -0.0001 0.0006 -0.0084
T2 0.0291 0.0980* 0.0519 0.0387 0.0730*

Panel B: Conditional variance-covariance estimates

c11 0.8163* 0.8879* 0.9004* 0.8056* 0.7905*
c12 -0.0629 -0.0001 0.1534 -0.0991 -0.1314
€22 0.7540* 0.7283* 0.5707*  -0.3684*  -0.2155
a1l 0.3514* 0.3363* 0.3773* 0.3497* 0.3634*
a12 0.0295 0.0447 -0.0181 -0.0321 -0.0311
a2 0.0830 -0.0983 -0.1373 0.0288 -0.0425
b11 0.9198* 0.9164* 0.9127* 0.9208* 0.9226*
b12 -0.0006 -0.0139 0.0042 0.0117 0.0191

bag 0.9079* 0.9017* 0.9049* 0.9373* 0.9500*
Jgi1 -0.1800 0.2379* -0.0933 -0.1806 0.0902

g12 0.1300 -0.0485 0.0384 0.0041 -0.0511%*
922 0.4359*  -0.4279*  -0.4534*  0.3934* 0.3204*

max L -4545.64  -4486.89  -4521.09 -4270.87 -4285.27
Panel C: Tests of model fitness

MLBQ 23.98 27.38 43.23* 36.57 47.39*
(0.683) (0.498) (0.033) (0.129) (0.012)
MLBQ? 37.81 41.35* 28.32 23.80 30.62
(0.102) (0.050) (0.448) (0.692) (0.334)
GMM 58.05 59.20 79.01%* 63.59 75.23%*
(0.400) (0.360) (0.023) (0.227) (0.044)
Panel D: Tests of volatility spillover
Wald 10.62* 4.74 3.67 4.09 11.98*
(0.014) (0.192) (0.300) (0.251) (0.008)
LR 1.95 4.03 3.51 3.55 8.25%

(0.584)  (0.258)  (0.320)  (0.314)  (0.041)

The table summarizes the bivariate restricted VAR(2)-ABEKK model estimation results when oil
price changes are leaded one period. Variable 1 (2) refers to oil (stocks). QML standard errors
are used to determine parameter-estimate significance. p-values are in parentheses. * indicates
significance at five percent level.
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5 Conclusions

The paper conducts an empirical investigation of volatility spillover from oil prices
to stock markets. The statistical model includes a parameterization of the con-
ditional variance-covariance of oil price changes and stock returns, specifically the
asymmetric BEKK model. Parameter restrictions are imposed so that stock returns
cannot affect oil prices. Aggregate stock market data representing Japan, Norway,
Sweden, the U.K., and the U.S. are used. Over the sample period from week one
of 1989 to week seventeen of 2005, strong evidence of volatility spillover is found
for Japan, Norway, the U.K., and the U.S. Weak evidence of volatility spillover is
found for Sweden. Although results of significant volatility spillovers are obtained,
news impact surfaces display small quantative implications. The stock market’s own
shocks, which are related to other factors of uncertainty than the oil price, are more
prominent than the effects of oil shocks.

The paper also examines whether volatility spillovers occur simulateneously, i.e.,
within-the-week instead of from one week to the next, as in the primary examination.
To do so, the oil price is leaded one week, and a second set of estimations is carried
out. However, no strong evidence of contemporanous volatility spillovers are found.

In all, the paper improves our knowledge of how stock markets link to oil prices.
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Appendix

Table A.1: Restricted VAR(2)-ABEKK Estimation Results for Japan

Est QML S.E. p-value

I 0.0907 0.1565 0.5626
o -0.1047 0.0860 0.2234
011 -0.0247 0.0388 0.5243
021 -0.0176 0.0163 0.2802
022 -0.0528 0.0379 0.1635
T -0.0150 0.0348 0.6667
To1 0.0156 0.0160 0.3292
T2 0.0082 0.0333 0.8060
c11 0.7938* 0.1888 <0.001
c12 0.1182 0.1513 0.4347
€22 0.6603* 0.1729 <0.001
a1 0.3127* 0.0807 <0.001
a12 0.0049 0.0209 0.8154
a2 0.1768* 0.0519 <0.001
b11 0.9254* 0.0228 <0.001
b12 0.0145 0.0076 0.0564
bao 0.9136* 0.0260 <0.001
g11 -0.2563* 0.0676 <0.001
912 0.0908* 0.0255 <0.001
922 -0.2980* 0.0573 <0.001

max L -4539.24

The table reports on bivariate restricted VAR(2)-ABEKK estimation results using oil price changes
and Japanese aggregate stock returns. QML standard errors and p-values are presented. * indicates
significance at five percent level.
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Table A.2: Restricted VAR(2)-ABEKK Estimation Results for Norway

Est QML S.E. p-value
1 0.0699 0.0988 0.4798
Lo 0.1843* 0.0826 0.0259
011 -0.0166 0.0364 0.6491
021 0.0103 0.0166 0.5353
022 0.0719 0.0375 0.0554
T11 -0.0198 0.0221 0.3716
Ta1 -0.0132 0.0151 0.3816
T 0.1049* 0.0350 0.0028
c11 0.8428* 0.2032 <0.001
€12 0.7017* 0.1809 <0.001
€22 -0.0072 0.1191 0.9519
al -0.3529* 0.0997 <0.001
a2 -0.0367 0.0309 0.2341
azs 0.1628 0.0944 0.0850
b11 -0.9184* 0.0240 <0.001
b12 -0.1489* 0.0356 <0.001
bas 0.9140* 0.0299 <0.001
g11 0.1763 0.2020 0.3829
g12 -0.0541 0.0286 0.0588
g22 0.3303* 0.0688 <0.001
max L -4493.88

The table reports on bivariate restricted VAR(2)-ABEKK estimation results using oil price changes

and Norwegian aggregate stock returns.

indicates significance at five percent level.
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Table A.3: Restricted VAR(2)-ABEKK Estimation Results for Sweden

Est QML S.E. p-value

1 0.0736 0.1731 0.6708
o 0.2553* 0.0874 0.0036
011 -0.0047 0.0427 0.9122
021 -0.0009 0.0170 0.9562
022 0.0914* 0.0379 0.0161
T -0.0211 0.0350 0.5472
mo1 -0.0196 0.0150 0.1937
T2 0.0555 0.0363 0.1261
11 0.8599* 0.2066 <0.001
c12 0.6269* 0.0732 <0.001
€22 0.0001 0.0030 0.9867
a1 0.3637* 0.0783 <0.001
a12 -0.0462 0.0262 0.0789
a2 0.0841 0.1179 0.4759
bi1 -0.9150%* 0.0222 <0.001
b12 0.0001 0.0342 0.9992
baa 0.8971* 0.0145 <0.001
g1 0.1627 0.1803 0.3671
g12 0.0774 0.0420 0.0657
922 0.5295%* 0.0446 <0.001

max L -4524.26

The table reports on bivariate restricted VAR(2)-ABEKK estimation results using oil price changes
and Swedish aggregate stock returns. QML standard errors and p-values are presented. * indicates
significance at five percent level.
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Table A.4: Restricted VAR(2)-ABEKK Estimation Results for the U.K.

Est QML S.E. p-value

I 0.0771 0.1658 0.6420
o 0.1844* 0.0648 0.0045
011 -0.0306 0.0403 0.4479
021 -0.0067 0.0131 0.6071
022 -0.0178 0.0356 0.6178
m11 -0.0147 0.0354 0.6779
mo1 -0.0028 0.0117 0.8144
T2 0.0441 0.0341 0.1964
11 0.7871* 0.2101 <0.001
c12 -0.0434 0.0661 0.5112
€22 0.2984* 0.0954 0.0018
a1 0.3338* 0.1015 0.0010
a12 -0.0388* 0.0179 0.0303
a2 0.0433 0.0527 0.4116
bi1 0.9271* 0.0251 <0.001
bi2 0.0200* 0.0052 <0.001
baa 0.9417* 0.0163 <0.001
g1 -0.1681 0.1787 0.3471
g12 0.0225 0.0311 0.4691
922 -0.3691°* 0.0589 <0.001

max L -4270.38

The table reports on bivariate restricted VAR(2)-ABEKK estimation results using oil price changes
and U.K. aggregate stock returns. QML standard errors and p-values are presented. * indicates
significance at five percent level.

28



Table A.5: Restricted VAR(2)-ABEKK Estimation Results for the U.S.

Est QML S.E. p-value

1 0.0683 0.1556 0.6608
o 0.2769* 0.0638 <0.001
011 0.0061 0.0394 0.8766
021 -0.0156 0.0134 0.2761
022 -0.1377* 0.0377 <0.001
T -0.0250 0.0360 0.4864
mo1 -0.0382* 0.0136 0.0050
m99 0.0505 0.0359 0.1603
11 0.8425% 0.1806 <0.001
c12 0.1038 0.0723 0.1516
€22 -0.0001 0.0013 0.9948
a1 0.3470* 0.0750 <0.001
a12 0.0003 0.0197 0.9866
a22 0.0919 0.0563 0.1026
bi1 -0.9172%* 0.0204 <0.001
b12 0.0147 0.0288 0.6084
baa 0.9731* 0.0081 <0.001
g1 0.2141 0.1210 0.0722
g12 -0.0996* 0.0149 <0.001
922 -0.2394* 0.0667 <0.001

max L -4280.92

The table reports on bivariate restricted VAR(2)-ABEKK estimation results using oil price changes
and U.S. aggregate stock returns. QML standard errors and p-values are presented. * indicates
significance at five percent level.
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