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The linkage between oil price, stock market
indices, and exchange rate before, during, and
after COVID-19: Empirical insights of Pakistan

Mosab I. Tabash?, Zaheeruddin Babar?*, Umaid A Sheikh?, Ather Azim Khan? and
Suhaib Anagreh®

Abstract: This study analyzes the trilateral relationship between macroeconomic
variables of oil prices, stock market index, and exchange rate to demonstrate their
behavior and inter-relationship in the economic setup of Pakistan. The investigated
period includes daily time series data ranging from 4 January 2016 to 30 April 2021.
The study consists of three sub-periods: the pre-COVID-19 period ranging from

4 January 2016 to 31 December 2019, COVID-19 period ranging from

1 January 2020 to 30 April 2021, and overall period ranging from 4 January 2016 to
30 April 2021 by using a Vector Autoregressive (VAR) model. The results illustrate
that oil prices changes, and stock index have an insignificant direct relationship
both in pre-COVID-19 and overall sub-periods of study while a positive and statis-
tically significant relationship during the COVID-19 period. This research also sug-
gests that stock index has a direct and statistically significant but negative impact
on the exchange rate in all sub-periods of study. This research also gives practical
implications for forex investors and traders to analyze the inflating and deflating
stock market patterns for future investment opportunities. However, most of the
previous studies emphasized on the direct influence of exchange rate on the stock
market and no effort is made on vice versa association. Furthermore, this research
presents a practical relevance for the stock market investors that health uncertainty
regime affected the insignificant association between oil price and stock market
indices and this relation turns out to be significant during the crisis regime.
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1. Introduction

COVID-19-related virus propagation serves as the foundation for looking at the consequences of its
adverse impact on macroeconomic indicators as well as financial markets (Managi et al,, 2022;
Zeinedini et al., 2022; Zhang et al., 2022). Those economies that are dependent upon the revenues
generated by exporting oil are experiencing a steady downturn in their financial market (Kumeka
et al., 2022). This is owing to the fatal 2019 epidemic, the plunging oil prices (OPs) as an extremely
unpredictable commodity, and the depreciation of exchange rates (ERs; Fayyad & Daly, 2011). The
time period of COVID-19 is very much imperative for reviewing the influence of OP volatility on
stock market indices and the exchange rate because of two reasons. Firstly, the 2019 epidemic has
caused adverse reactions in several developing nations’ financial markets including Pakistan
(Shear & Ashraf, 2022), and also the price variations in numerous economic factors (Tuna &
Tuna, 2022). Secondly, there are various other disruptions like political instability, which has
motivated the researchers to investigate the impact of OP volatility on the stock market indices
and exchange rate fluctuations in the presence of health-related uncertainty coupled with political
instabilities.

Oil is an important factor for the economic performance of a developing country like Pakistan,
which is already trying to fulfill the energy shortage by relying on imported oil. However, to deal
with rising COVID-19-related death and confirmed cases, most of the developed countries, i.e.,
USA, Germany, Australia, New Zealand, and so on, and developing economies like Pakistan, India,
and so on, impose a restriction on public gathering, inter-country travel, and indoor dining
activities by large food chains (Ashraf, 2020; Izzeldin et al., 2021; Liu et al., 2021). This has not
only disrupted the financial system of the developing economies and caused losses in tax-based
revenue collection and private businesses (Li et al., 2022) but has also reduced the demand for
petroleum-based products and oil (Adedeji et al., 2021). In the meanwhile, the failed negotiations
between Russian authorities and OPEC to reduce the production of oil in Russia have caused the OP
reduction (Gharib et al., 2021). The result is an oversupply of oil at a time of lower oil demand (Ali
et al.,, 2022), plus an additional drop in OP during the health crisis period (Sharif et al., 2020). Such
a situation has placed economies all around the globe in peril, causing a destabilizing economic
pandemic and destroying yesterday’s economic rewards in a quite shorter amount of time. The
fluctuations in OPs due to COVID-19 have motivated the investigation of OP’s influence on the
stock market indices and exchange rate during the health crisis regime. However, limited effort has
been made whether stock market indices may act as a mediating factor for the transition of shocks
from OP towards the ER during three periods: Pre-COVID era, during COVID-era, and complete
period. Moreover, the possibility of stock market indices as a transmission channel between
exchange rate and OP volatility is explained below.

The positive shocks in OPs put downward pressure on the local currency rate of oil-importing
countries. On the other hand, rising OPs are considered beneficial for an oil-exporting country. As
a result of the occurrence of OP +ve shocks, stock market indices of oil-importing economies may
experience a decrease in stock market prices due to inflated producer prices and a declining local
currency (appreciating US dollar rate). Conversely, according to the “goods and market concept”,
a local currency deflation boosts exporters’ profitability by lowering expenditures and increasing
revenue (Dornbusch & Fischer, 1980). Nevertheless, the depreciation of the local Rupees (currency
of Pakistan) reduces the profitability of import-oriented businesses because of an increase in
expense, cost of materials, and reduction in product/service demand (Basher et al., 2016; Kumar,
2019; Lin & Su, 2020; Youssef & Mokni, 2020). Moreover, most of the exporters of oil-importing
countries may sell goods or services during the times of local currency depreciation to oil-exporting
nations and this would increase the foreign exchange inflows. Pakistan is an import-oriented
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economy but also exports a huge amount of agricultural and textile-related products to European
Union and the USA. Therefore, there may be a possibility that OP fluctuation directly or inversely
affected the stock market indices in Pakistan (Sheikh et al., 2020).

The appreciating OPs during the COVID-19 may also be an indication of demand for oil due to
the overall economic expansion, industrial production, and ease in boundary restriction
(Kocaarslan & Soytas, 2019a, 2019b). Therefore, investors of the KSE-100 index may respond
positively to OP shocks. According to the stock-oriented approach, a positive shock in stock market
indices may attract foreign direct investment in the Karachi stock market, which would lead to
more local currency demand (Reddy & Sebastin, 2008). Moreover, an increase in stock market
indices also causes the local investor to bring their investment back into their country because of
high returns and attractive investment horizons. This puts upward pressure on the local currency
rate. Therefore, OP positive and negative shocks may affect the stock market indices, which in turn
may affect the local currency appreciation or depreciation. There may be a possibility that OP
shocks may not directly affect the local exchange rate but stock market indices may act as
a mediating mechanism for transmitting the shocks from OP toward the exchange rate.
However, previous research mostly explained the direct effect of OP shocks on either local
exchange rate or stock market indices. This research article departed from mainstream research
in the below-mentioned possible ways.

Firstly, this research article examines the impact of OP fluctuations on the stock market indices
during the health-related turbulent and non-turbulent environments. Furthermore, the whole
sample period is also selected for analyzing the general response of investors to OP change,
whereas most of the prevalent studies on the OP and stock market are generally executed in
turbulent-free regimes (Ivanovski & Hailemariam, 2021; Jiang et al, 2021; Mensi et al,, 2018;
Olayeni et al, 2020; Wang & Zhao, 2021) and no effort has been made to determine how
a specific regime influenced the mediation of stock market indices in between local currency
and OP fluctuations. Furthermore, we also examined the role of stock market indices as
a transmission channel for transmitting the shocks from OPs to the exchange rate. However,
previously, most studies examined the direct influence of OP on the stock market (SM) without
analyzing any transmission channel (Adjasi, 2009; Al-hajj et al., 2018; Bagchi, 2017; Basher &
Sadorsky, 2006; Benkraiem et al., 2018; Das & Kannadhasan, 2020; Fayyad & Daly, 2011; Ghulam
et al.,, 2018; Hadhri, 2021; He et al,, 2021; Lv et al., 2020; Sheikh et al., 2020). The goods and market
approach postulated the change in currency fluctuation because of OP volatility. However, the
stock-oriented approach provided a legitimate framework that positive changes (appreciation) in
stock market indices are the root causes of higher demand (appreciation) in local currency.
Therefore, a possibility exists that OPs may not influence the exchange rate directly but stock
market indices may play a role in driving the appreciation pressures on local currency.
Furthermore, most of the studies on the response of stock market to OPs and exchange rate
response to stock market and OPs presented inconsistent results and were outside the context of
Pakistan.

2. Literature Review

Sufficient literature is available on the interactions among exchange rates (ERs), OPs, and SM
returns. However, the literature investigating the SM transmission channel interrelationship among
all the above three variables simultaneously in the settings of COVID-19 pandemic is insufficient.
This literature analyzes the interrelationship among these three variables in the economic setup of
Pakistan.

2.1. Studies on relationship between oil prices and stock market

The relationship between OPs and stock index (SI) can be established by the equity pricing model
or cash flow hypothesis which exerts that an asset is valued based on its cash flows (expected)
after discounting at a suitable discount rate. Theoretically, four types of relationships, i.e., positive,
negative, time-dependent, and no relation, are possible between OPs and SI. The argument for
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a negative relationship states that a rise in energy prices (e.g., OP) leads to an increase in input
production cost for most companies. This phenomenon hits the profitability and, resultantly, cash
flows (expected) leading to a fall in the market value of an asset (e.g., a stock). It is imperative to
note that the relationship and its significance are highly dependent on the energy status of
a country (i.e., a net importer or exporter of crude oil) and the proportion of input energy costs.
The theoretical argument for a positive relationship poses that rising OPs are perceived as rising
demand for economic activity and it may boost stock prices. The asymmetric behavior of OPs and
equity market prices make their relationship as a function of time. Le and Chang (2015) explored
the relationship between oil-importing, oil-exporting, and oil-refining economies and reported that
the impact of changes in the OPs on stock prices is influenced by fundamental economic char-
acteristics and is time-dependent. Finally, the no-relation argument emphasizes that the share of
energy input costs is not large enough to affect the demand for oil and, resultantly, stock prices
especially energy stocks.

Zaighum et al. (2021) employed an asymmetrical quantile-based autoregressive distributed lag
(ARDL) framework by Cho et al. (2015) for examining the quantile-dependent non-linear nexus
between the world’s Islamic stock indices and energy prices. Findings suggested the practical
implications for longer-term investors that they should invest in Islamic stock market indices at the
times of increasing OPs and stock market bullish behavior. Ji et al. (2020) investigated the
differential impact of supply-side and demand-side shocks in OPs on the currency rates of export-
oriented and import-oriented economies by using the structural VAR framework. Findings sug-
gested that supply-side OP shocks lead to the depreciating trend in the exchange rate of the
export-oriented economy. However, the prevalence of the transmission of OP shocks toward the
exchange rate has become more powerful after the financial crisis of 2008. Igbal et al. (2022)
investigated whether the sustainable investment stock market indices are affected by different
categories of international risk factors like unpredictability in the economy, fluctuations in the
stock market, health-related uncertainty factors, and the US treasury market fluctuations by
employing the connectedness time and frequency methodology of Diebold and Yilmaz (2012).

The relationship between OPs and SI has been extensively tested, but there is no consensus on
the direction of causality and sign of correlation. Basher and Sadorsky (2006) explored the inter-
relationship between OP and SI returns in a set of emerging economies using daily data series
using an international multi-factor asset pricing model. Their results suggested that OP risk affects
SI returns. Shahrestani and Rafei (2020) analyzed the impact of OPs on the stock market in the oil-
producing Iranian economy using Markov switching vector autoregressive (VAR) model based on
two regimes using monthly data series. They estimated the regimedependent impulse response
function (IRF) and concluded that OP shocks exhibited both the positive and negative impact on
stock exchange in both the regimes.

Cunado and Perez de Gracia (2014) analyzed the impact of OPs on SI returns in 12 European
countries using VAR and Vector Error Correction Model (VECM) models, with monthly data series for
the period of 1973-2012. They concluded that OPs significantly and negatively affect SI return and
supply shock has greater impact than demand shock on OPs. Similarly, Bai and Koong (2018)
assessed the relationship between OPs, ERs, and SI returns in China and USA using dynamic IRF
and diagonal BEKK-GARCH model for the period 1991-2015 with monthly data series. They
reported that positive oil supply shocks significantly and negatively affected both the Chinese
stock market and trade-weighted US dollar index.

Comparatively, Aggarwal and Manish (2020) studied the impact of OPs on the Indian stock
market using the ARDL model with monthly data series and concluded that OPs significantly and
positively affect the SI returns both in the short and long run. Tawfeeq et al. (2019) explored the
linkage between crude OPs and SI for seven Middle Eastern countries using VAR and VECM models
and daily data series. They highlighted that there is a positive relationship between OPs and SI
value for three countries and there exists a short-run causality for two countries running from OPs
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to the stock market. Furthermore, a study by Alamgir and Amin (2021) analyzed the interaction
between OPs and the stock market in four South Asian countries (i.e., Pakistan, India, Bangladesh,
and Sri Lanka) using the Nonlinear Autoregressive Distributed Lag (NARDL) model with monthly
data set for the period of 1997-2018. The concluded the positive association between OP and SI
along with an asymmetric reaction of SI to shocks in OPs. However, Ceylan et al. (2020) investi-
gated the relationship between OPs and stock prices for seven developing countries using the
time-varying homogenous panel smooth transition VECM with monthly data set. They concluded
that over the long term, causality runs from OPs to stock prices. In the short term, however,
changes in OPs have a neutral effect on stock prices. In view of current literature, the first
hypothesis is formulated as follows:

H1a: Oil prices have a direct impact on stock index

2.2. Studies on relationship between stock market and exchange rate

Building upon the portfolio balance approach, the stock market mechanism determines the
exchange rate. As the nominal interest rate in the economy rises, it attracts foreign capital
provided there exists free capital mobility. The capital inflow increases stock market activity by
investing in domestic stocks. Resultantly, demand for domestic currency rises and, hence, it
appreciates in value. Alternatively, in financial crises or a pandemic, flight for safety behavior
leads to capital outflow and reduces market activity. This behavior also increases the supply of
domestic currency in the local market and, hence, its value depreciates. So, as per portfolio
balance approach, both positive and negative association between equity market (SI) and ER is
possible. This theory also specifies that causality runs from the stock market to exchange rate. The
literature on the association between stock prices (SI) and macroeconomic variables is vast and
provides conflicting evidence. The following subsections summarize the relevant literature for an
association between SI and macroeconomic variables including exchange rate. However, most of
the researches explained the direct impact of SM on ER (Anisak & Mohamad, 2019; Areli Bermudez
Delgado et al., 2018; Hussain, 2019) and ignore the vice versa factor.

Chortareas et al. (2011) conducted a study on the association among ERs, SI, and role of OPs in
the context of the MENA region (including four countries, namely Egypt, Kuwait, Oman, and Saudi
Arabia) using VECM and monthly data series. They concluded both the positive (in Egypt and
Oman) and negative (in Saudi Arabia) relationships between real ER and SI. El-Masry and Badr
(2021) explore the relationship between exchange rate and stock market performance in Egypt for
a revolutionary period using daily data series and the VAR model. They noted the significant causal
(insignificant) relationship between ER and SI before (after) the revolution period. Abdalla and
Murinde (1997) investigated the interactions between ER and the stock market in emerging
economies including India, Korea, Philippines, and Pakistan. They concluded that ER granger-
caused the stock prices.

Tsai (2012) analyzed the relationship between foreign and stock exchange markets in Asian
markets (i.e., Thailand, Malaysia, Philippines, South Korea, and Taiwan) using quantile regression
approach and monthly data series. They concluded that an increase in stock price returns caused
exchange rate to depreciate, i.e., domestic currency to appreciate and this negative relationship is
exacerbated when ER is significantly high or low. Hatemi-J and Irandoust (2002) analyzed the
causality between exchange rate and stock market using Toda and Yamamoto approach and
monthly data series for period 1993-1998. They concluded that the causality is unidirectional and
runs from stock market to exchange rate. Ajaz et al. (2017) analyzed the asymmetric relationship
between ER, SI, and OPs in India using monthly data series from period 1991 to 2015. They noted
that domestic currency depreciation caused stock prices to fall.
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Some studies on the relevant literature in the economic environment of Pakistan are also
available. For example, Chang et al. (2021) analyzed the impact of macroeconomic variables on
stock prices, both in the short and long term, using Quantile ARDL model and monthly data series.
They also considered the impact of three crises that occurred between 2005 and 2009. They
remarked that there is an insignificant relationship between macroeconomic variables and stock
prices in the long run. However, in short run, the impact of exchange rate is market state
dependent. Furthermore, Akbar et al. (2019) analyzed the dynamic relationship among ER, gold
prices, SI, and interest rate using VAR Bayesian VAR model for the period 2001-2014 and monthly
data series. They concluded that bilateral relationship exists between exchange rate and stock
value with downward movement of both Pak rupee and stock prices in economic downturns.
However, all of these studies observed the variations in stock market indices due to the exchange
rate volatile movement but no effort is made to investigate whether increase or decrease in stock
market values may affect the currency devaluation. According to the stock-oriented approach,
appreciation in local asset prices attracts foreign and local investors and this would lead towards
the capital inflows and local currency appreciation. In view of the above literature, the second
hypothesis is formulated as follows:

H1b: Stock index has a direct impact on exchange rate

2.3. Studies on relationship between oil prices and exchange rate

The linkage between OPs and ER can be established in three different ways, namely the Terms of
Trade (ToT) channel, the wealth effect channel, and portfolio reallocation channel (Habib et al.,
2016). The traditional ToT channel describes that expensive (cheaper) imports (exports) cause
current account balance to deteriorate, compelling the depreciation of domestic currency provided
that the demand of the importing (exporting) good is highly inelastic as in the case of oil (Chen
et al,, 2016), especially for oil-importing emerging economies. The wealth channel introduced by
Golub (1983) and portfolio reallocation channel pioneered by Krugman et al. (1983) reflect the
effects in short and long run of almost the same concept related to wealth transfer. An increase
(decrease) in OPs generates higher (lower) income for oil-producing nations and lower (higher)
income for oil-importing nations. Higher (lower) income enhances (deteriorates) the current
account balance and, hence, appreciates (depreciates) the domestic currency.

Liu et al. (2021) investigated the dependence and risk co-movement of OPs and ERs in seven oil-
producing and seven net oil-buying nations using time-varying copula models and daily data series
from the period 2000-2017. They suggested the negative dependence between exchange rate and
OPs, i.e., rising OPs led to an appreciation of domestic currency against the US dollar. Kin and
Courage (2014) studied the impact of OPs on ER in South Africa using the Generalized
Autoregressive Conditional Heteroscedasticity (GARCH) model with monthly data for the period
1994-2012. They found that OPs significantly affect the ER and rising OPs led to falling in the value
of a national currency.

In terms of risk spillovers, Wen et al. (2020) analyzed the volatility spillovers between OPs and
ERs in net oil-buying (Europe, India, China, and Japan) and net oil-selling (Norway, Canada, and
Russia) countries using multivariate quantile model (MVMQ-CAViaR) using daily data series for
period from 2000 to 2018. They concluded the presence of spillover effects with stronger spillover
effects from exchange rate to OPs and oil-exporting countries. Youssef and Mokni (2020) examined
the impact of OPs on currency markets for oil-related economies (i.e., USA, Canada, Australia,
Japan, and Eurozone) using novel regime-switching quantile regression and daily data series. They
concluded that the response of ER to changes in OPs is regime-dependent and varies in magni-
tude, statistical significance, and size. Similarly, Chen and Chen (2007) explored the con-
integration relationship between OPs and ERs of G7 economies using monthly data. They noted
the link between OPs and real ERs with real OPs have significant predictive power.

Page 6 of 22



Tabash et al., Cogent Economics & Finance (2022), 10: 2129366 *;‘ Cogent Py economics & ﬁ nance

https://doi.org/10.1080/23322039.2022.2129366

Alternatively, Sari et al. (2010) and Pershin et al. (2016) explored the relationship between
OPs and exchange rates in the European Union and selected African countries, respectively, by
using VAR model and daily data series. They concluded that the relationship between OPs and ERs
is not stable and the relationship between OPs and ER cannot be generalized for net-oil importing
African countries. While using time-varying copula method and daily data series for the period
from 2000 to 2010 in seven OECD countries, Reboredo (2012) noted the weak dependence
between OP and ER. In view of the above literature, the third and fourth hypotheses are formu-
lated as follows:

Hlc: Oil price has a direct impact on exchange rate

OP appreciation may impose a depreciating pressure on local currency of economies relying upon
imported oil. However, OP positive changes may also lead towards the stock market appreciation
because of the increase in oil demand due to economic expansion, ease in inward and outward
restriction on travel, and overall governmental spending on development budgets. Therefore,
investors during a financial recession and health related turbulence may react positively to OP
increase. Furthermore, OP increase may put a downward trend on local currency, but this down-
ward pressure is much beneficial for local exporters because of reduction in expense and expan-
sion in revenues. As explained in introduction section, stock-oriented approach stated that
appreciation in equity prices may attract foreign investment, and as a consequence, local rupee
appreciates against international currency. Therefore, there may be a possibility that OP does not
impact the local exchange rate directly but utilizes the medium of SM as a transmission channel
for transmitting the OP shocks towards the exchange rate.

H1d: Stock index acts as a mediating variable in between oil prices and exchange rate
3. Data and methodology

3.1. Data

In this paper, we explore the trilateral relationship among OPs, SI, and exchange rate (ER) for the
period spanning from 4 January 2016 to 30 April 2021. Furthermore, we also analyze the trans-
mission mechanism of shocks between the variables by using stock market indices as a mediator.
We split whole sample period into three sub-periods: pre-COVID period (4 January 2016 to
31 December 2019), COVID period (1 January 2021 to 30 April 2021), and overall period
(4 January 2016 to 30 April 2021). The division of data set into sub-periods is in line with previously
published researches (Wen et al., 2020). We use daily time series data as it is more rich in
information than lower-frequency data (Basher & Sadorsky, 2006) and is more complex and
provides timely information (Ahmed & Huo, 2020). There are 1,325 total observations in the overall
sample.

We use the nominal exchange rate for the Pakistani rupee (PKR) against per unit of the US dollar
(USD) and the representation of local exchange rate by PKR/USD is consistent with Ahmed and Huo
(2020). A rising (falling) ER corresponds to falling (rising) PKR. For OPs, a futures contract on Brent
Crude oil is used because of its representation as change in world OPs (Adedeji et al., 2021; Lv
et al., 2020; Mensi et al., 2018; Wang & Zhao, 2021; Wen et al., 2020). KSE-100 index (SI), a free-
float market capitalization index of top 100 companies in Pakistan, is used to measure the impact
on the SI. Data for all the variables was extracted from the Bloomberg.

3.2. Methodology

This paper explores the trilateral relationship among OP changes, SI changes, and exchange rate
changes in Pakistan through the following process. First, the unit root test is employed to
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determine the stationarity of all the data series. Data needs to be non-stationary at level and it
should be stationary after transforming the non-stationary series with the first differencing, i.e.,
I (1). Second, VAR model can be applied with appropriate lag length criteria only if all the time
series are integrated at I (1), none of the variables is I (2), and time series are not co-integrated
with each other. Optimal lag length criterion is determined using minimum values of AIC, SC, and
HQ. In case the series are co-integrated with each other, we employ VECM to explore the long-term
relationship among the variables with appropriate lag length. In order to determine the transmis-
sion channel (and hence the mediation) of a variable, we use a system of equations in VAR
environment, and the Wald Test of Joint Significance is employed. We firstly examine the impact
of OP on the exchange rate fluctuations (ER «— OP) and examine whether there is any direct
significant influence of energy prices on the local currency fluctuations. Secondly, we also examine
the direct linkages between the SM «— OP (impact of OPs on stock market indices) and lastly the
nexus between (impact of stock market on exchange rate) ER «— SM is studied. If there exists no
significant impact of OP on ER (first case) but the significant result is found for the direct influence
of OP on SM indices (second case) and for the direct impact of SM indices on ER (third case), then
we can say that stock market indices acted as a mediator in between the exchange rate and
OPs. This also shows the transmission channel of SM for transferring the shocks from OP towards
the ER (ER «— SM <« OP). Finally, the VAR model can be decomposed into IRFs and Variance
Decompositions (VDCs).

3.2.1. Unit Root Tests

Identification of unit root is essential as non-stationary data leads to spurious regression results.
Table 1 presents the results of ADF, PP, and KPSS unit root tests. ADF and PP unit root tests have
a null hypothesis that time series has a unit root. Conversely, the KPSS test checks the null
hypothesis that the time series is stationary. The results of ADF and PP tests depict that all the
variables are stationary at a 1% level of significance after first differencing, i.e., they are I (1) for
both intercept and intercept positive trend position. In the case of the KPSS test, OP and SI are I (1)
at a 1% level of significance, while the exchange rate is not stationary even after the first
differencing. As two out of three tests confirm the stationarity of a variable and integration of
the variables at a similar level, the conclusion is the exchange rate is also stationary (Areli
Bermudez Delgado et al., 2018).

Table 1. Unit root tests

Variables At Level First Differencing
Intercept Intercept Integration

Intercept +Trend Intercept +Trend Order
Augmented Dicky-Fuller (ADF) Test
Oil prices -1.993 -1.969 -36.260¢ -36.250° (1)
Stock index -2.064 -2.100 -31.275¢ -31.265¢ 1(1)
Exchange rate -0.621 -1.192 -40.202¢ -40.188° 1(1)
Phillips-Perron (PP) Test
Oil prices -2.125 -2.106 -36.344¢ -36.332¢ 1(1)
Stock index -2.137 -2.170 -31.496¢ -31.486° (1)
Exchange rate -0.641 -1.275 -40.198¢ -40.185° 1(1)
KPSS Test
Oil prices 0.699° 0.664° 0.096 0.078 (1)
Stock index 0.477° 0.375¢ 0.108 0.101 1(1)
Exchange rate 4.136° 0.520¢ 0.238 0.239¢ 1(1)

“and ® indicate 1% and 5% level of significance.
Source: Author’s own with data extraction from Bloomberg.

Page 8 of 22



Tabash et al., Cogent Economics & Finance (2022), 10: 2129366 *;‘ Cogent Py economics & ﬁ nance

https://doi.org/10.1080/23322039.2022.2129366

3.2.2. Vector autoregressive model

We employ VAR model introduced by Sims (1980) to assess the trilateral interaction between OPs,
SI, and exchange rate. In VAR model, all variables (endogenous) are expressed as past values of
order p and each equation is separately estimated by OLS. Generally, the VAR (p) model can be for
OPs, SI, and exchange rate can be specified as follows:

Yo =C+ ijzlﬂj Yij + et (1)
where Y, represents 3 x 1 vector of endogenous variables, C is a 3 X 1 vector of intercepts in VAR, f;
is the j-th (3 X 3) matrix of coefficients, and & is 3 X 1 vector of disturbance terms. The optimal lag
length for each model in each sub-sample period was specified through AIC criteria. Information

about lag criteria in presented in Appendix A.

The system of equations with three endogenous variables is estimated as follows:

ASIt = ag + YL BiASIt — i+ 311 BAOP j + Yy SKAERt — k + ult (2)
AERy = o + X1 ASLe i + X1 AOP_j + Xk i AER: i + piay (3)
AOPy = ag + Y"1 ASI_; + Zjn:‘lﬁj AOP_j + Y11 B AERy_y + 3y (4)

where A is a difference operator, ag is a constant term, and € represents the innovations or shocks.
4. Empirical results

4.1. Preliminary data analysis

Table 2 presents the descriptive summary of all the variables in this study. Each variable has 990,
335, and 1325 daily observations in the pre-COVID period, COVID period, and Overall period,
respectively. SI has the highest value of 52,876.46 points and the lowest value of 28,764.63 in
the pre-COVID period. The highest value was due to money inflow on account of upgradation of
Pakistan stock market status into MSCI emerging market. During the COVID period, SI plummeted
to 27,228.80 level due to divestment of local investors and outflow from foreign portfolio investors
as the panic selling continued in that period.

The skewness of SI turned negative during the COVID period representing the frequent small
gains and a few extreme losses in the COVID period. Furthermore, the leptokurtic behavior of SI
indicates the stock market has more frequently large deviations from the mean due to fatter tails
in all sub-sample periods of study. Another variable in the table is OP. It has the lowest price of
US19.33 during the COVID period and a higher standard deviation value of 12.38 than the pre-
COVID value of 11.57. None of the variables are normally distributed in all the sub-periods as
indicated by the p-value of Jarque-Bera except for OP in the pre-COVID period.

4.2. Empirical results from unrestricted VAR model

Tables 4 and 5 present the results of unrestricted VAR model. Table 3 displays the results of
transmission channel (and hence mediating role) of SI in between OP and ER during the COVID
period using Wald Joint significance test. The Residual Serial Correlation Lagrange Multiplicator
(LM) test, presented in Appendix A, shows no autocorrelation in the data. Wald joint significance
test checks the joint significance (and hence direct impact) of variable with its all lags on another
variable in a system of equations in VAR model. Findings demonstrate that the first lag of OP in
pre-COVID and overall period and the first and fifth lags of OP during COVID period have statis-
tically significant and positive impact on SI. However, Wald joint significance test shows that
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Table 3. Wald Joint Sig. Test

Dependent Variables Lag Length
A OP A SI A ER
Chi-Sq Stat. Chi-Sq Stat. Chi-Sq Stat.
Pre-COVID Period
A OP NA 4.5701 3.4320 3
A SI 1.4571 NA 11.6757a 3
A ER 2.8086 2.0073 NA 3
COVID Period
A OP NA 17.9653a 11.5659
A ST 5.7750 NA 21.3660a
A ER 9.4924 4.8954 NA
Overall Period
A OP NA 7.6255 2.2633 3
A SI 2.1844 NA 21.5135a 3
A ER 4.5610 4.7512 NA 3

“%indicates statistical significance at 1%. A is a difference operator.
Source: Author’s estimation with data extraction from Bloomberg

Table 4. Unrestricted VAR

Pre-COVID Period Overall Period

A OP A SI A ER A OP A SI A ER

A OP_q -0.068 23.854 0.031 0.001 25.106 0.016
(0.034)b (0.038)b (0.116) (0.967) (0.012)b (0.308)

A OP_, -0.007 —4.323 -0.013 0.002 -10.956 -0.010
(0.835) (0.708) (0.519) (0.947) (0.271) (0.516)

A OP_3 0.007 0.125 -0.013 0.016 0.870 -0.014
(0.822) (0.991) (0.509) (0.577) (0.930) (0.367)

A SI_4 -0.000 0.179 -0.000 -0.000 0.147 -0.000
(0.507)c (0.000)a (0.789) (0.830) (0.000)a (0.037)b

A SI, 0.000 -0.040 -0.000 0.000 -0.016 -0.000
(0.281) (0.220) (0.001)a (0.143) (0.560) (0.000)a

A SI_3 -0.000 -0.011 0.000 -0.000 0.018 0.000
(0.659) (0.723) (0.947) (0.703) (0.522) (0.729)

A ER-4 -0.017 22.399 -0.088 0.014 31.357 -0.110
(0.748) (0.237) (0.006)a (0.764) (0.067)c (0.000)a

A ER-, -0.082 6.144 -0.047 -0.097 2.137 0.023
(0.119) (0.745) (0.143) (0.043) (0.901) (0.406)

A ER5 -0.039 15.568 0.103 -0.032 19.420 0.078
(0.463) (0.408) (0.001)a (0.509) (0.255) (0.005)a

C 0.042 4.237 0.053 0.029 5.064 0.039
(0.261) (0.752) (0.018)b (0.406) (0.680) (0.048)c

changes in OPs directly and significantly affect the SI only during COVID period and have no impact
in the pre-COVID and overall period of study. Hence, first hypothesis is rejected in pre-COVID and
overall sub-periods. In short run, no direct impact of OP on SI is consistent with the previous study
by Ceylan et al. (2020) in developing countries. This result is also supported by the VAR Granger
Causality test (as shown in Figure Figure 1) which confirms that OP does not granger cause SI in
both pre-COVID and overall sub-period. The overall behavior of OP being economic characteristics
dependent and time dependent in impacting SI is supported by Le and Chang (2015).
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Table 5. Unrestricted VAR
COVID Period

A OP A SI A ER

A OP4 0.148 34.704 -0.003
(0.012)b (0.093)c (0.928)

A OP-, -0.032 -34.189 -0.016
(0.590) (0.102) (0.590)

A OP_5 0.028 -11.976 -0.018
(0.638) (0.564) (0.536)

A OP_, 0.022 24.119 0.085
(0.711) (0.245) (0.003)a

A OP_s 0.010 65.828 -0.050
(0.861) (0.002)a (0.085)c

A OP_g 0.068 13.040 0.023
(0.262) (0.540) (0.437)

A ST, -0.000 0.056 -0.000
(0.548) (0.341) (0.004)a

ASI, 0.000 0.052 -0.000
(0.199) (0.371) (0.097)c

ASI 3 -0.000 0.094 0.000
(0.583) (0.108) (0.262)

A ST, 0.000 -0.022 -0.000
(0.113) (0.704) (0.080)c

ASIs -0.000 0.057 -0.000
(0.209) (0.344) (0.097)c

A Sl 0.000 0.008 0.000
(0.566) (0.899) (0.266)

A ER 0.086 46.645 -0.110
(0.452) (0.247) (0.050)c

A ER-, -0.114 12.629 0.249
(0.320) (0.755) (0.000)a

AER 3 0.003 42.375 -0.023
(0.977) (0.299) (0.685)

AER 4 0.082 -26.388 -0.173
(0.476) (0.519) (0.002)a

AER 5 0.031 -28.240 0.021
(0.782) (0.481) (0.713)

AER ¢ 0.261 35.304 0.088
(0.019)b (0.367) (0.108)

C 0.002 7.791 0.002
(0.975) (0.780) (0.952)

P-values in bracket. @ p < 1%, ° p < 5%, and © p < 10%. —1 to -6 indicate number of lags.
Source: Author’s estimation with data extraction from Bloomberg.

Results also confirm that the second lag of SI in the pre-COVID period and the first, second, fourth,
and fifth lags SI during the COVID period have a statistically significant and negative impact on the
ER. Hence, the second hypothesis is accepted in all sub-periods of study. This result is supported by
a previous study by Tsai (2012). Wald joint significance test also confirms the significant direct
unidirectional impact of SI changes on ER during all the sub-periods of study. These results are
complemented by VAR Granger Causality Tests (as shown in Figure Figure 1) which confirm unidirec-
tional causality running from SI to ER and supported by Hatemi-J and Irandoust (2002).

Finally, results also show that the impact of OP changes on the ER is statistically insignificant
both in the pe-COVID and overall period. However, the fourth lag of OP is statistically positively
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Figure 1. VAR Granger Causality

Test. Source: Author’s own.

Figure 2. Impulse-Response-
Function pre-COVID period.
Source: Author’s own.
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significant at 1% level of significance during the COVID period, highlighting the depreciation of
domestic currency (i.e., PKR).

This conclusion is supported by the work of Kin and Courage (2014). However, Wald joint
significant test concludes that there is an insignificant direct impact of OP variable with its all
lags on ER in all sub-periods of study. Furthermore, the VAR Granger Causality test (as shown in
Figure Figure 1) confirms that OP does not granger cause ER in all sub-periods of study. This
conclusion is in confirmation with previous studies (Sari et al., 2010; Pershin et al., 2016). Hence,
this

conclusion helps rejecting the third hypothesis. It is imperative to note that the insignificant
impact of OP on SI in pre-COVID and overall period became significant during COVID period along
with insignificant direct impact of OP on ER in all sub-periods of study. So, the fourth hypothesis is
accepted concluding that SI acted as a transmission channel and, hence as a mediator, in between
OP and ER during COVID period.
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Figure 3. Impulse-Response-

Function during COVID period.

Source: Author’s own.

Figure 4. Impulse-Response-
Function in overall period.
Source: Author’s own.
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Table 6. Variance Decompositions (VDCs)—pre-COVID period

Period S.E. ER SI oP
VDCs of ER

1 0.7011 100.00 0.00 0.00
2 0.7046 99.74 0.00 0.25
5 0.7135 98.43 1.16 0.41
10 0.7136 98.42 1.17 0.41
VDCs of SI

1 416.1378 0.18 99.82 0.00
2 423.9896 0.28 99.30 0.43
5 4242676 0.34 99.23 0.43
10 424.2699 0.34 99.23 0.43
VDCs of OP

1 1.1608 0.12 0.11 99.77
2 1.1639 0.14 0.17 99.70
5 1.1662 0.41 0.28 99.32
10 1.1662 0.41 0.28 99.31

Table 7. Variance Decompositions (VDCs)—during COVID period

Period S.E. ER SI oP
VDCs of ER

1 0.7081 100.00 0.00 0.00
2 0.7230 97.09 291 0.00
5 0.7665 93.05 4.13 2.82
10 0.7808 89.75 6.03 4.22
VDCs of SI

1 508.8268 0.00 100.00 0.00
2 514.2182 0.51 98.64 0.85
5 520.2627 0.96 97.07 1.96
10 535.4033 1.23 93.16 5.60
VDCs of OP

1 1.4410 0.49 9.15 90.36
2 1.4572 0.75 8.96 90.29
5 1.4705 1.14 10.04 88.81
10 1.4915 3.14 10.18 86.68

4.3. Impulse Response Functions

Figures 2-4 show the result of IRFs. IRFs are applied to assess the short-run dynamics of the
economic variables. Both employ the Cholesky Decomposition for identification process. IRFs show
the effect of an unanticipated shock in one variable upon itself and on all other variables.

A positive shock of SI to ER shows an abrupt fall in ER in pre-COVID and overall period (as shown
in Figures Figure 2) and tapers off quickly after period 4. However, during COVID period, response of
ER to SI continues up to 10th period after which it starts to fade out gradually (as shown in
Figure 3). This shows the persistence of sentiment of market participants during the COVID period.
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A decrease (increase) in ER means appreciation (depreciation) of domestic currency (i.e., PKR).
These results are in confirmation with the results of VAR model.

The response of ER to positive shock in OP is immediate and generates both positive and
negative effects which disappear quickly in the pre-COVID and overall period (as shown in
Figure 4) and gradually during the COVID period (as shown in Figure Figure 3). In the case of SI,
the greatest response to OP is shown in the sixth period during COVID period.

4.4. Variance Decomposition

Tables 6 and 7 show VDCs of variables in pre-COVID and during the COVID period, respectively.
VDCs display how much of variability in the dependent variable is contributed by its own shocks
compared to the shocks to other endogenous variables in the system of equations. Results of VDCs
show that SI and OP (OP), in the VDCs of ER (SI), have no contemporaneous effect on ER (SI) in
period 1 with zero values of SI and OP (OP) in both the pre-COVID and during COVID period. In
period 1, 100% of the variability in the ER is explained by its own shock both in the pre-COVID and
during COVID periods which gradually decreases to 98.42% (89.75%) in period 10 in the pre-COVID
(during COVID) period with the rest of the variability of 1.17% (6.03%) and 0.41% (4.22%)
explained by SI and OP, respectively.

Results also show that OP explains 99.77% of its own variability in period 1 in the pre-COVID
period (which remains almost unchanged at 99.31% in period 10), while ER and SI explain the rest
of the minimal variability of 0.12% and 0.11% in OP respectively. However, it is imperative to note
that during the COVID period, the own variability of OP significantly reduced to 90.36% which
further falls to 86.68% in period 10. In the meanwhile, variability in OP explained by SI significantly
increased to 9.15% during the COVID period (which further increases to 10.18% in period 10) from
its low of 0.11% in the pre-COVID period. Furthermore, the explanation of variability in VDCs of SI
by OP increased to 5.6% in period 10 during the COVID period from the lowest of 0.0% in period 1
in the pre-COVID period. These two phenomena highlight the fact that OP started impacting the SI
during the COVID period and helped SI act as a transmission channel (and hence, a mediator) in
between OP and ER. This conclusion agrees with the results of VAR model.

5. Conclusion and Policy implications

This research explores the trilateral relationship between OP, stock market, and exchange rate in
the economic background of the Pakistani economy using the VAR model for the period spanning
from 4 January 2016 to 30 April 2021. This paper attempts to analyze a novel idea of mediating
the role of SI in between OPs and exchange rate during the COVID period by analyzing the joint
relationship among the variables and splitting the whole sample period into three sub-sample
periods. The results of this study suggest that OP changes have an insignificant positive joint
impact on SI in both pre-COVID and overall sub-periods of study while statistically significant and
positive impact during the COVID period. The results are in line with Le and Chang (2015). Granger
causality test confirms that there is a unidirectional causality running from OPs to SI during the
COVID period only.

The results of the study also suggest that changes in SI have a statistically significant and
negative impact on the exchange rate with causality running from SI to exchange rate in all sub-
periods of study. It means, rising stock prices lead to an appreciation of domestic currency (i.e.,
PKR). These results have important implications for investors, traders, oil and gas companies and
policymakers in terms of investing, hedging the trades against negative OP shocks and taking
correct policy measures during the COVID-19 period. Furthermore, this research found the mediat-
ing role of stock market indices in between the exchange rate and OP shocks. Therefore, importers,
exporters and forex traders should consider the stock price inflation or deflation because stock
price decline (appreciative pressure) is harmful (beneficial) for local exchange rate. Moreover, when
the local currency appreciated, it increases the revenues of local importers but also burdened the
local exporters by elevating their expenses and liabilities. This research also found that health
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related uncertainty has activated the transmission channel of stock market indices for transmis-
sion of shocks from OP towards the exchange rate. Therefore, forex traders and investors during
the Covid-19 must oversee the transmission of shocks from OP rather than taking decision on the
basis of direct nexus between ER-OP and ER-SM, respectively. As this research found the mediating
factor of stock market prices between OP and ER, whereas future researches should understand
the mediating role of ER in between the other two variables of interest. Furthermore, researches
should analyze the moderating impact of OPs on the dynamic conditional correlation (DCC)
between SM and ER. The moderating effect can be estimated by using NARDL framework for
studying direct influence of OP on the DCCs between SM and ER.
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Appendix A

Lag Length Criteria

Lag LogL LR FPE AIC SC HQ
Pre-COVID Period

0 -17,486.18 NA 5.91E+11 35.62 35.63 35.63
1 -9918.05 15,074.62 121,843.50 20.22 20.28* . 20.25
2 -9892.16 51.41 117,724.10 20.19 20.29 20.23*
3 -9882.56 19.00* 117,581.10* 20.19* 20.34 20.25
4 -9876.95 11.07 118,395.60 20.20 20.39 . 20.27
5 -9871.45 10.82 119,243.50 20.20 20.44 20.29
6 -9867.98 6.81 120,594.00 20.21 20.50 20.32
7 -9862.15 11.39 121,376.90 20.22 20.55 20.35
8 -9858.94 6.26 122,817.30 20.23 20.61 20.37
COVID Period

0 -5335.60 NA 1.39E+10 31.87 31.91 31.89
1 -3519.83 3588.18 288,352.40 21.09 21.22* 21.14*
2 -3507.27 24.59 282,293.70 21.06 21.30 . 21.16
3 -3495.75 22.36 278,081.90 21.05 21.39 21.19
4 -3493.22 4.85 289,060.60 21.09 21.53 21.26
5 -3479.27 26.57 280,671.70 21.06 21.60 . 21.28
6 -3468.01 21.25 276,944.30* 21.04* 21.69 21.30
7 -3460.45 14.13 279,393.00 21.05 21.80 21.35
8 -3450.51 18.40* 277,900.00 21.05 21.90 21.39
Overall Period

0 —24,229.05 NA 1.92E+12 36.80 36.81 36.80
1 -13,488.98 21,414.91 160,972.50 20.50 20.55* 20.52
2 -13,458.23 61.16 155,744.40 20.47 20.55 20.50*
3 -13,446.92 22.45 155,198.80* 20.47* 20.58 . 20.51
4 -13,441.61 10.51 156,071.70 20.47 20.63 20.53
5 -13,432.03 18.94 155,932.60 20.47 20.66 20.54
6 -13,420.20 23.30* 155,266.10 20.47 20.69 . 20.55
7 -13,414.59 11.05 156,066.20 20.47 20.73 20.57
8 -13,406.69 15.50 156,328.20 20.47 20.77 20.58

* indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC, SC, and HQ represent Akaike, Schwarz, and Hannan-Quinn information criteria, respectively
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