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Abstract

Methods: The analyses are carried out on daily data for the period from July 31, 2000 to
July 31, 2014. This study uses several econometric techniques for the analyses, namely,
the Johansen-Juselius cointegration test, generalized autoregressive conditional
heteroskedasticity (GARCH) model, exponential generalized autoregressive conditional
heteroskedasticity (EGARCH) model, variance decomposition method, and impulse
response function.

Results: The results of the cointegration method indicate a significant long-run
association between stock market and oil prices in the pre-crisis period. The EGARCH
model shows that oil price returns have a significant effect on stock market returns in
both sub-periods, while the result for the GARCH model is significant only in the post-
crisis period. We find a significant effect of oil price volatility on the stock market in both
sub-periods from the GARCH model. Furthermore, the EGARCH model shows an
asymmetric effect of oil price volatility on the stock market in the pre-crisis period.
Variance decomposition shows that stock market variations are mostly explained by self-
innovation. Moreover, the impulse response function results show that oil price shocks
affected the stock market adversely in the pre-crisis period but positively in the post-
crisis period.

Conclusions: This study suggests that economic policymakers and investors should
consider the oil price as an important factor affecting stock market returns.

Keywords: Oil price shocks, EGARCH, GARCH, Financial crises, Pakistan

Background

The stock market of a country is a barometer of that country’s economic conditions.
Therefore, it is widely argued that the behavior of a stock market mostly depends on
the economic performance and political environment of the country. The smooth per-
formance of the stock market is relatively important for developed and emerging econ-
omies. Oil is an important source of energy that is important for maintaining smooth
economic performance of industries that depend on oil or oil products. Oil is required
for the economic performance of emerging economies, including Pakistan. Pakistan’s
domestic production of oil is relatively lower than its consumption, and therefore, the
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country relies heavily on oil imports. The economy produces at most 15% of its total
consumption. Figure 1 represents the domestic production and total consumption of
the economy. A visual examination of Fig. 1 clearly shows that the economy produces a
relatively small proportion of total consumption.

Recent oil price fluctuations have led us to revisit and re-examine the effect of the oil
price and its shocks on Pakistan’s stock market behavior. As discussed earlier in the
introduction, Pakistan, as an emerging economy, relies heavily on oil imports. There-
fore, any oil price fluctuation negatively (positively) affects stock market performance.
Because a higher (lower) oil price represents higher (lower) input costs, oil price
changes are likely to directly affect the earnings of an organization. Furthermore, any
increase (decrease) in the oil price would result in an increase (decrease) in inflation.
Therefore, this study attempts to revisit the effects of oil price fluctuation on the stock
market of Pakistan before and after the 2007 Asian financial crisis period. There are
many reasons for examining the effect of oil price changes on the stock market of
Pakistan. First, the literature indicates both positive and negative effects of oil price
fluctuations on stock markets and this study attempts to reveal for policy makers
whether the effects are positive or negative. Second, to the best of our knowledge, this
is the first study to investigate the association of the stock market and oil price in
Pakistan by considering periods before and after the 2007 financial crisis period. The
use of these two sub-periods provides valuable insights into the effect of the oil price
on the stock market of Pakistan. Third, this study applies several econometric techniques
to study the association between the oil price and the equity market, there by providing
more robust results than would otherwise have been achieved. Finally, this study adds
valuable knowledge about an emerging economy that is also an oil importer.

The rest of the paper is organized as follows. Section 2 reviews the related studies.
Section 3 presents the many econometric techniques used in this study. Section 4 dis-
cusses the results. Finally, Section 5 concludes.

Literature review

There is a plethora of studies that investigate the effect of oil price changes on eco-
nomic activities (economic growth), but they are limited to studying the relationship
between financial markets and oil price fluctuations. Most of these studies have focused
on studying the association between the oil price and financial markets in developed
countries, like the US (Kling 1985; Sadorsky 1999), the UK (El-Sharif et al. 2005),
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Australia (Faff and Brailsford 1999), and Canada (Sadorsky 1999). In addition, the
oil-exporting Gulf Cooperation Council countries have been a focus of most re-
searchers (Arouri and Fouquau 2009; Hammoudeh and Aleisa 2004). There is still
no consensus in the literature on the nature of the association between the oil price
and financial markets. The literature indicates both positive and negative effects of
oil price shocks on equity markets. Kling (1985) studied the association between the
crude oil price and the US financial markets between 1973 and 1982, and suggested
that oil prices changes significantly affected the returns of companies that used oil as
an input. In a similar study, Sadorsky (1999) examined US data and found that oil
price shocks explained greater variations in US financial markets. In addition, Jones
and Kaul (1996) tested the association by employing a cash-flow model and sug-
gested that oil price shocks adversely affected the markets. Furthermore, most stud-
ies have found negative effects of oil price fluctuations on equity markets, such as
Papapetrou (2001) for the case of Greece, Nandha and Faff (2008) for the case of 35
industrial sectors of the FTSE, and most recently, Ekong and Effiong (2015) for the
case of Nigeria.

Apart from the studies discussed in this section, other studies have found significant
positive effects of changes in the oil price on financial markets. Al-Mudhaf and Goodwin
(1993) reported positive effects of an oil price shock on the returns of 29 oil company
stocks listed on the NYSE. Gjerde and Saettem (1999) studied the association between
macroeconomic factors and stock returns in Norway, and found significant positive effects
of oil price fluctuations on financial markets. The authors further found a negative effect
of the interest rate on stock returns. Sadorsky (2001) studied Canadian companies and an-
alyzed the associations between four variables, namely, interest rate, stock price index, ex-
change rates, and oil prices. Their analyses showed a significant positive relationship
between the oil price and stock price index. Furthermore, their results suggested adverse
effects of the interest rate and exchange rate on equity indexes. In addition, Boyer and
Filion (2007) reported similar results for Canadian oil and gas stock indexes. Ibrahim and
Aziz (2003) investigated the association between stock prices and macroeconomic factors
using a cointegration test in the case of Malaysia. Their results suggest a long-run and
short-run association between stock prices and oil prices. The authors concluded there is
a positive relationship between stock indexes and oil prices. Hammoudeh and Li (2004)
found a positive effect of the oil price on stock returns of transportation industries in
Norway, Mexico, and the US. El-Sharif et al. (2005) suggested that the relationship be-
tween the oil price and stock returns was weak in non-oil and gas sectors. Similar results
were reported by Osmundsen et al. (2007), who examined oil and gas companies. Eryigit
(2009) found a significant effect of oil price changes on the returns of several industries
and sectors, that is, consumer products, financial, manufacturing, industrial products, and
trading and services. The authors concluded that emerging economies are more affected
by oil price changes than developed economies are.

The aforementioned studies suggest that the oil price has both positive and adverse
effects on the activities of a stock market. Nevertheless, researchers have argued that
the association between financial markets and the oil price varies from economy to
economy (Babatunde and Adenikinju 2012). For example, Park and Ratti (2008) found
that the relationship between oil price shocks and financial markets is adverse in oil-
importing economies, while that for oil-exporting economies is positive. Similar results
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have been found by Billmeier and Massa (2009), who examined both oil-importing and
oil-exporting countries.

This study explores the relationship between oil price changes and the stock market
in the case of an oil-importing country, that is, Pakistan. The results of the study are
expected to add valuable knowledge to the existing literature on oil-importing

countries.

Methods

This study aimed to examine oil price shocks and stock market behavior for the period
before and after the 2007 financial crisis. One of the main reasons for considering the
financial crisis period is to analyze the relationship between the stock market and oil
price, which would provide better understanding of the effect of the oil price in the two
sub-periods.

Data

This study considered daily datasets for the period July 31, 2000 to July 31, 2014. The
datasets were further divided into two sub-periods based on the 2007 financial crisis.
The first dataset consists of the pre-crisis period and the second dataset consists of the
post-crisis period. The pre-crisis dataset is from July 31, 2000 to July 31, 2007. The
post-crisis dataset is from August 1, 2007 to July 31, 2014. We considered an equal
number of observations in both periods to obtain reliable results. The data for the oil
price are obtained from the US Energy Information Administration (EIA)." We consid-
ered oil prices of the West Texas Intermediate spot price (US dollars per barrel).The
data for the Pakistan Stock Exchange (formerly, the Karachi Stock Exchange) comprise
a daily closing stock-price index obtained from Yahoofinance.com.

Methodology
This study applied various econometric techniques to analyze the effect of the oil price
and its shocks on stock market behavior in Pakistan. The following econometric

methods were applied to achieve the objective of the study.

Stationarity tests

The stationarity of the datasets was examined by applying two commonly used
methods, the Phillips-Perron (PP) test (Phillips and Perron 1988) and the augmented
Dickey-Fuller (ADF) test (Dickey and Fuller 1979). These two methods were followed
to test the stationarity of the stock-price index and oil price datasets. These two tests

are well established in the literature.

Johansen-Juselius cointegration test

In prior analyses, this study analyzed the long-run relationship between the oil price
and the stock market. This study aimed to analyze the long-run dynamic association in
both sub-periods, that is, the pre-crisis and post-crisis periods. The Johansen and Juse-
lius (1990) cointegration test is based on two tests, which follow maximum likelihood
procedures. The first test is the trace test and the second is the maximum eigenvalue
test. The specifications of both tests are given as follows.

The trace test is based on Eq. (1).
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AMrace = —TZln (1-Mi) (1)

The maximum eigenvalue test is based on Eq. (2).
Amax = -Tin(1-Ar+1) (2)

GARCH model

The effects of oil price shocks on the Pakistan Stock Exchange were explored by apply-
ing the generalized autoregressive conditional heteroskedasticity (GARCH) model. The
GARCH model considers conditional variance as dependent on its own past lagged
values. The GARCH model applied in this study is as follows.

Rypsg) = ao + a1Re-1 + YRe_y0p) + & (3)
ht(PSE) = ﬁo + [3152&1 + é\(OP) (4)

Equation (3) is a mean equation, while Eq. (4) is a variance equation of the GARCH
model. In Eq. (3), R, represents the continuous compounding return of the Pakistan
Stock Exchange, and parameter ¢ measures the effect of the oil price lagged return on
the stock index. In Eq. (4), hypsg) represents conditional variance of the Pakistan Stock
Exchange, and parameter § measures the effect of oil price shocks on the stock market
of Pakistan. We applied the GARCH model for both sub-periods, that is, the pre-crisis
and post-crisis periods.

EGARCH model

In the simple GARCH model, conditional variance is restricted to be positive. Put sim-
ply, the GARCH model considers conditional variance as a function of lagged residuals
and, therefore, ignores signs. Therefore, a deficiency of the GARCH model is that it
does not capture asymmetric (negative) shocks. Some researchers have argued that
asymmetric shocks generate more volatility than symmetric shocks do (Jan and Jebran
2015; Jebran and Igbal 2016a, 2016b). Therefore, we applied the exponential general-
ized autoregressive conditional heteroskedasticity (EGARCH) model to capture the
asymmetric shocks of the oil price on the stock market. The EGARCH model is as

follows.
R (psg) = a0 + &1 Re-1 + yOPy + & (5)
-1 &-1
Inh, (PSE) = BO + +B, \/ﬁ + (P\/% + Byhe g + 6(01)) (6)

Equation (5) is a mean equation, while Eq. (6) is a variance equation of the EGARCH
model. In Eq. (6), parameter ¢ captures the asymmetric shock, while parameter §op)
measures the effect of oil price shocks on the stock market of Pakistan. We applied the
EGARCH model for both sub-periods.

Variance decomposition

We applied variance decomposition to measure the variance contribution of the oil
price to the stock market of Pakistan. This method analyzes the responses of variables
to shocks of other variables in the model. If a shock were to occur through the error
term, its impact on other variables would be observed, as such evidence is obtained by
the percentage of error variance as well as the time horizon. Furthermore, this method
provides information about the contribution of variations in a specific variable in a
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specified period, and forecasts variations in other variables in the previous period. Spe-
cifically, this analysis shows how much variation in a variable is explained by its own
innovation and shows the percentage contribution of other variables to the underlying
variable.

Impulse response function

The impulse response function is used to analyze the response of a variable to a random
shock that involves a positive shock of one standard deviation in each system. Further-
more, it is useful for capturing the response of the dependent variable to the shocks of in-
dependent variables. In this study, we applied the impulse response function to explore
the response of the stock market to oil price shocks before and after the financial crisis

period.

Results and discussion
Descriptive statistics
Table 1 presents the summary statistics of the stock price index and oil price returns
for the pre-crisis and post-crisis periods. The results show that the mean returns of the
stock market and oil price in the pre-crisis period are 0.11 and 0.057%, respectively,
while those for the post-crisis period are 0.043 and 0.013%, respectively. These results
suggest a significant decrease in the returns of the oil price and stock market after the
2007 financial crisis period. Figure 2 clearly shows that the stock market and oil price
declined significantly after the 2007 financial crisis period. Furthermore, the results in-
dicate that the stock market index is least volatile (1.19) in the post-crisis period and
more volatile (1.43) in the pre-crisis period. Oil price returns are more volatile (2.38) in
the post-crisis period and least volatile (2.36) in the pre-crisis period. The results indi-
cate that the datasets are negatively skewed in both sub-periods, except for the oil
price, which is positively skewed in the post-crisis period. The kurtosis coefficients for
all datasets show leptokurtic distribution. The Jarque-Bera statistics reveal that the
datasets are not normally distributed.

We examined the presence of the autoregressive conditional heteroscedasticity (ARCH)
effect in the datasets. The ARCH effect represents the presence of autocorrelation and

Table 1 Summary Statistics and ARCH test

Pre-crises period Post-crises period

Stock Index QOil Price Stock Index Oil Price
Mean 0.119325 0.057233 0.043539 0.013699
Median 0.185935 0.066066 0.050602 0.000000
Maximum 6.448673 1244253 8.254687 1641370
Minimum —7.741379 —17.09179 —5.134857 —12.82672
Standard Deviation 1435641 2362568 1.190427 2.386366
Skewness —0.418083 —0.547710 —-0.308992 0.102236
Kurtosis 5659834 7684251 7.149258 9461846
Jarque-Bera 591.4636" 1760.732° 1338.933° 3180.075°
ARCH LM 210.1294° 63.84006° 100.1604° 122.0481°

The summary statistics is computed from continuous compounding returns of data. The figures of Mean, Median,
Maximum, Minimum and Standard Deviation are represented in percentage form. The ARCH LM represents the ARCH
test applied for the presence of autocorrelation and heteroskedasticity in the datasets

%indicates significance at 1%
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Fig. 2 Stock Indices and Oil price

heteroskedasticity problems in the datasets. The results of the ARCH effect, reported in
Table 1, show the presence of autocorrelation and heteroskedasticity in the datasets of the
stock index and oil price. Hence, the GARCH and EGARCH models can be applied after
confirming the ARCH effect in the datasets.

Unit root tests

The results of unit root tests are reported in Table 2. The unit root analyses were car-
ried out on the ADF test. In addition, we applied the PP test to obtain more reliable
results. The ADF test results indicate that the stock-price and oil price data® are non-
stationary at level. Similar results of non-stationarity are obtained on level from the
PP test. The PP and ADF tests indicate that the variables exhibit stationarity at the
first difference. In addition, the results obtained from the stationarity tests are similar
for the pre-crisis and post-crisis periods.

Johansen-Juselius cointegration test

Next, we tested the long-run relationship between the stock index and the oil price.
The cointegration test is applicable to datasets that are stationary at the same level
(either first difference or second difference). Since our datasets are stationary of the
same order (first difference), we estimated the cointegration equation so as to explore
the long-run association. Furthermore, to estimate the cointegration equation, a suit-
able lag value is required to obtain robust results and this is mostly obtained from
vector autoregressive (VAR) statistics. In VAR statistics, the lower value of the
Schwarz criterion is selected as a suitable lag order for estimating the cointegration
method. We applied two cointegration models, the first model for the pre-crisis

Table 2 Unit root results

Pre-crises period Post-crises period

PP ADF PP ADF

Level 1 Diff.  Level 1" Diff, Level 1 Diff.  Level 1 Diff.
Stock Index 0.0283 -39.92° 0.115671 -39661° 0404722 -35.96 049368 -25.11°
Oil Price —0.6464 —45 557 —0.87098 —45.144° —2.07675 —42.97° —2.12490 —42.94°

PP and ADF represents the Phillips and Perron (1988) test and Dickey and Fuller (1979) test of stationarity
Critical values at 1, 5, and 10% are —3.433732, —2.862920, and —2.567552 respectively
%indicates significance at 1%

Page 7 of 12
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Table 3 Cointegration test results

Pre-crises period Post-crises period

Trace Statistics Maximum Eigen stat. Trace Statistics
r<=0 21.72141° r=0

r<=1 0.139866 r=1

Maximum Eigen stat.
21.58154° r<=0 7625439 r=0 7.398024
0.139866 r<=1 0.227415 r=1 0.227415

The “r' represents the hypothesis of long run association among the variables
Critical values at r=0 and r=1 are 15.49 and 3.89 respectively
“indicates significance at 1%

period, and the second model for the post-crisis period. Therefore, we obtained two
lag values for the two sub-periods from the VAR statistics based on the minimum
value of the Schwarz criterion. The Shwartz criterion results showed a lag of one for
the pre-crisis period and a lag of two for the post-crisis period in the estimation of
the cointegration equation.® The cointegration results in Table 3 indicate that the
stock index and the oil price have a significant long-run relationship in the pre-crisis
period. However, there is no association between the stock market of Pakistan and
the oil price in the post-crisis period. The result shows that the 2007 financial crisis
significantly affected the relationship between the oil price and the equity market of
Pakistan.

GARCH and EGARCH models

In the next step, we estimated the effect of oil price returns and oil price volatility on
the stock-index returns of Pakistan. Table 4 reports the results of the GARCH and
EGARCH models. The results of the GARCH model indicate that oil price returns have

Table 4 Results of GARCH and EGARCH models

GARCH model EGARCH model
Pre-crises Post-crises Pre-crises Post-crises
Qo 0.154969** 0.114691** Qo 0.153675** 0.089605**
(0.026322) (0.017558) (0.025096) (0.019572)
a4 0.068317** (0.025540) 0.140572** o 0.061981* 0.147118*
(0.024231) (0.02573) (0.023669)
U} 0.014185 0.018941** U} 0.021001* 0.035986**
(0.010686) (0.005445) (0.010061) (0.003204)
Bo 0.197274** 0.029230%* Bo —0.23126%* —0.231288**
(0.017770) (0.003107) (0.019195) (0.017791)
B, 0.236202** 0.181986** By 0.398443** 0.299825%*
(0.021655) (0.014402) (0.029732) (0.025086)
10) —0.074287** —0.162797**
(0.017424) (0.016946)
B, 0.674075%* 0.801902** B, 0.861252** 0.939410**
(0.021069) (0.010664) (0.011513) (0.006352)
Siop) —0.049991** 0.008880** Sop) —0.024189** 0.001229
(0.011195) (0.000742) (0.009345) (0.005441)
ARCH LM 0.139988 0.242116 0422741 0.032083
[0.7082] [0.6267] [0.5157] [0.8579]

The figures in parenthesis are standard errors. The figures in braces are probabilities. The ARCH LM test is applied on
residuals of each model for exploring autocorrelation and heteroskedasticity problem after estimation of models

* and ** indicates p < 5% and 1% respectively
The GARCH model is given as: Ry (psg) = 0o + @1 Re-t + YRe1 (op) + &, he(pse) = By + By €2,

1 + 6(op)

By h
The EGARCH model is given as: Re(psg) = 0o + 01 Re.t + $OPwy + &,  In hepse) = By + +B1Tﬂ’ +¢ EITJ% + B, her + Sop)

=
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a significant positive effect on the returns of the stock market in the pre-crisis period
only. However, the results from the EGARCH model show that the effect of oil price
returns is significantly positive in both periods (pre-crisis and post-crisis). This result is
evidence that the oil price is an important variable that enhances stock returns. This re-
sult corroborates studies that have reported a positive relationship between stock
returns and the oil price (Al-Mudhaf and Goodwin 1993; Gjerde and Saettem 1999;
Hammoudeh and Li 2004). Furthermore, the results of the GARCH model indicate that
oil price volatility has a significant negative effect in the pre-crisis period, but the effect
is significantly positive in the post-crisis period. The EGARCH model indicates that the
oil price has a significant asymmetric volatility effect in the pre-crisis period. However,
the results are insignificant in the post-crisis period. The results reveal that the effect of
volatility of stock returns in the pre-crisis period is higher than in the post-crisis
period.

Variance decomposition analyses

The variance decomposition analyses were carried out for a period of 10 years to reveal
the forecast variance of the Pakistan Stock Exchange. Table 5 reports the results of the
variance decomposition. We performed the analyses for both periods (pre-crisis and
post-crisis periods).The results indicate that most of the variations in the Pakistan
Stock Exchange are explained by its own innovations, and the oil price explains negli-
gible variations in the variance of the Pakistan Stock Market. The results are almost the
same for the pre-crisis and post-crisis periods.

Impulse response function

The impulse response function was carried out to examine the response of the stock
market to oil price shocks. The impulse response function results consist of analyses
for a period of 10 years. Figure 3 shows the pre-crisis period analyses, while Fig. 4
shows the post-crisis period impulse response function analyses. The results suggest
that a positive shock in the oil price of one standard deviation would cause the stock
market in Pakistan to decrease in the pre-crisis period. However, the results suggest

Table 5 Variance Decomposition of Pakistan Stock Exchange

Pre-crises period Post-crises period

Period SE. PSE olL Period SE. PSE OoIL

1 0.014307 100.0000 0.000000 1 0.011630 100.0000 0.000000
2 0.020957 99.98818 0.011816 2 0.018005 99.87411 0.125889
3 0.026019 99.99054 0.009463 3 0.023456 99.61806 0381944
4 0.030266 99.99300 0.007005 4 0.028054 99.46045 0.539546
5 0.034004 99.99296 0.007037 5 0.032065 99.35566 0.644335
6 0.037387 99.98968 0.010317 6 0.035647 99.28317 0.716826
7 0.040502 99.98291 0.017085 7 0.038906 99.22979 0.770209
8 0.043408 99.97260 0.027397 8 0.041914 99.18835 0811654
9 0.046145 99.95877 0.041229 9 0.044719 99.15470 0.845298
10 0.048742 99.94148 0.058517 10 0.047359 99.12639 0.873609

Abbreviations: S.E. represents standard error, PSE represents Pakistan Stock Exchange, OIL represents oil price
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that the shocks in the oil price positively raise the equity market in the post-crisis
period. These results imply that the oil price shocks have an adverse effect in the pre-
crisis period but a positive effect in the post-crisis period.

Conclusions

The aim of this study was to explore the oil price and its volatility effects on the stock
market of Pakistan before and after the 2007 financial crisis period, specifically from
July 31, 2000 to July 31, 2014. This study opted to use the cointegration procedure of
Johansen and Juselius (1990) to test the long-run relationship between the oil price and
stock indexes. The stationarity of the datasets was analyzed by using unit root tests.
The GARCH and EGARCH methods were applied to test the effects of oil price returns
and oil price volatility on the stock market of Pakistan. Furthermore, we applied a vari-
ance decomposition test to understand the forecast variance and impulse response
function in order to analyze the effect of the oil price shock on the financial market.
From the results of the study, we obtained the following key conclusions. The results of
the cointegration method indicate a significant long-run relationship between stock in-
dexes and oil prices in the pre-crisis period, but there is no such relationship in the
post-crisis period. The EGARCH model indicates that oil price returns have a signifi-
cant effect on stock returns in both periods, but the results of the GARCH model show
significance only in the post-crisis period. In addition, we found a significant effect of
volatility of the oil price on the stock market by applying the GARCH model. Further-
more, the EGARCH model shows an asymmetric effect of volatility on the stock market
in the pre-crisis period. The variance decomposition shows that stock market variations

Page 10 of 12
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are mostly explained by self-innovation. Moreover, the impulse response function re-
sults show that oil price shocks negatively affected the equity market in the pre-crisis
period and positively affected the equity market in the post-crisis period.

This study suggests that economic policymakers should consider the oil price as an
important factor that could boost the economic performance of the financial market.
Furthermore, the volatility of the oil price is a considerable area, which might adversely
influence the activities of the financial market. Thus, investors might consider the oil
price as an important determinant of their stock returns while constructing their
portfolios.

Endnotes

'Refer to the website of the EIA: http://tonto.eia.gov/dnav/pet/hist/
LeafHandler.ashx?n=PET&s=RWTC&{=D.

*We applied the stationarity tests on the datasets by taking the natural logarithm of
the datasets for both periods.

The results of VAR statistics are available upon request.
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