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ABSTRACT
The COVID-19 pandemic has reached more than 215 countries
across the globe, and it has also led to severe damage to the
worldwide financial markets. Therefore, the current study explores
the role of the novel COVID-19 pandemic, the energy prices, and
the subsequent financial uncertainty on the US market’s environ-
ment and social responsibility index (ESRI), which is considered a
good representation of the global market. The study has applied
Quantile Autoregressive Lagged Approach (QARDL) for estimation
using data from January 2010 to July 2021. The findings of the
aforementioned relationships have been reported to be similar to
the outcomes that have been observed for the short run, as
reported in the longer period of time. Precisely, for energy prices
and ESRI, the nature of the relationship remains negative.
Moreover, in terms of the relationship between the financial
uncertainty and ESRI, the nature of the relationship remains nega-
tive, while for the relationship observed between COVID and ESRI,
the nature of the relationship remains positive. Based on these
findings, maintaining the level of compliance towards ESRI, fol-
lowing the relevant SOPs, and improving the productivity of
energy resources are viable measures that can be recommended.
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1. Introduction

Increasing concerns aimed towards environmental deterioration have pressurised the
policy-making institutions to embed the essence of sustainability, without tempering
the agenda for economic development and growth (Guo et al., 2022; Umar, Ji, Mirza,
& Naqvi, 2021; Yu et al., 2022). According to the United Nations (2019), the regular
increase in economic growth across the globe is one of the prime factors causing
abnormal climatic conditions. It should also be noted that the industries are contribu-
ting a major amount of chunk to the economic growth; therefore, industrialization
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itself should be considered as a considerably responsible party for the change that is
occurring in the climatic conditions (Su, Umar, et al., 2021; Su, Yuan, et al., 2021;
Sun et al., 2021). following this realisation, manufacturers must assume their due
responsibility, and incorporate philosophies of sustainability within their operations
(X. Ji, Chen, et al., 2021; Umar, Ji, Kirikkaleli, Shahbaz, et al., 2020). In addition to
this, the manufacturer should also aim towards expanding their scope of responsibil-
ity, which can thus be regarded as the ‘Extended Producer’s Responsibility’ (Najmi
et al., 2021).

Although numerous researchers have urged manufacturers to play their respective
role for the environment’s well-being (Rizvi et al., 2021; Su et al., 2020), it must be
noted that it is the industries that are the primary profit-driven institutions. In this
regard, there are certain initiatives that can be taken on the industry level, by which
these institutions can reduce the levels of operational costs. These initiative include
activities such as collaboration with stakeholders at the development of the product
stage (Najmi & Khan, 2017), improving their capabilities and competitiveness
(Ahmed et al., 2019), improving the management of their available resources (Ahmed
et al., 2019), incorporating green innovation in their operations (B. Naqvi et al., 2021;
Umar, Ji, Kirikkaleli, & Xu, 2020), moving towards green supply chain operations
(Ahmed et al., 2019), remaining responsible for efficient disposition of waste (Najmi
et al., 2021), and moving swiftly towards renewable energy solutions (Akram et al.,
2022; Su, Khan, et al., 2021). However, the most notable hurdle that hinders their
readiness towards environmentally and socially compliant operations include the
potential investments and the costs that would be incurred to implement the afore-
mentioned improvements, which make all these solutions dearth and lead organiza-
tions to compromise on these responsibilities for profits.

The eruption of the novel coronavirus, which is termed as COVID 19, has been
considered as the most lethal and devastating pandemic in human history. In con-
trast, the interest of the researchers, and the respective publications for evaluating its
consequences are at a parallel pace with the eruption of the COVID �19 virus
(Harjoto et al., 2021). However, evidence shows that there were other events in his-
tory that have been declared as pandemics that severely challenged the overall objec-
tives of the affected economies in general, and their respective healthcare expenditure.
These include the 1918s Spanish Flue, 2003s SARS, 2012s MERS, and the spread of
2014s Ebola virus (World Health Organization, 2020). However, in terms of the losses
incurred, including those that are financial and human in nature, no pandemic has
been as disastrous as the COVID 19 (Wang et al., 2021). In contrast, the failure to
handle such an outbreak of disease by the global government institutions and inter-
national bodies has also raised the level of uncertainties, chaos, and anarchy
(Szczygielski et al., 2021). As this pandemic has now reached more than 215 countries
across the world, it has severely damaged the financial markets in its stride, as also
done by the earlier pandemics seen by the world (Ali et al., 2020; Bekaert et al., 2014;
McTier et al., 2013).

Despite the failure in handling the COVID 19 virus, certain initiatives have been
taken by the respective governments and international bodies for countering its
spread and flattening the curve of the outbreak. The most common one of these
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include the implementation of nationwide lockdowns (De Vito and Gomez, 2020), in
which all the activities have been completely put to a halt, in order to curb any fur-
ther infection and subsequently eruption of the virus (Hu et al., 2021; Jiang et al.,
2021). However, these very lockdowns have destroyed the overall financial circulation
and penetration of finances into the economies (Nguyen et al., 2021). For instance,
increased bankruptcies (Akhtaruzzaman et al., 2019); lower stock returns (Al-Awadhi
et al., 2020); uncertainties leading to volatilities in the stock markets (Zaremba et al.,
2020); an increase in the level of liabilities (D. Zhang et al., 2020); deficiencies
observed in the supply and demand of cash leading to financial crunch (De Vito &
Gomez, 2020); and an adverse effect on the value and supply chain were some of the
effects that have been reported thus far as a result of the lockdowns following the
spread of Covid-19 (Nguyen et al., 2021).

Researchers across the globe have categorized the financial uncertainties and the
contrary effects of the policy measures that have been taken by the law enforcement
institutions into two categories (Umar, Ji, Mirza, & Rahat, 2021). The first category
reflects the imbalance that arises in the portfolios of the stock market, where the
potential investors withdraw their investments from the industry, particularly those
who are reported to be at higher risk, and invest in the companies that are perform-
ing better and remain stable (Ielasi et al., 2018; Kaiser & Welters, 2019; Karim et al.,
2022). For example, in the scenario of COVID �19, the most volatile and affected
industry has been the tourism and airlines, whereas the healthcare industry has
reportedly been a less affected and stable industry (Umar, Rizvi, & Naqvi, 2021). The
second category reflects the clear wipe and withdrawal of the investments from the
stock markets, which has eventually decreased the stock market’s overall levels and,
accordingly, disturbed the overall stock market health and behaviour (Baele et al.,
2020; Q. Ji et al., 2020; Zaremba et al., 2020). Nevertheless, financial uncertainty has
further affected economic productivity and growth, whereas, it has also hampered the
compliance that is typically expected towards social and environmental responsibility
(Sinha et al., 2021).

In the current pandemic situation, the literature is also revolving, whereas
researchers have explored the diversified aspects of the relationships between different
economic indicators in the context of COVID (Su, Huang, et al., 2021). For instance,
the possible consequences faced by the financial markets in the situation of the
COVID pandemic (Ali et al., 2020); disturbance in the drama and film industry (Hu
et al., 2021); media penetration and coverage (Haroon & Rizvi, 2020) connection
with the oil and energy prices (Apergis & Apergis, 2020; Gil-Alana & Monge, 2020),
however, none of the study have explored the level of noncompliance and deterior-
ation caused to the global environment and social responsibility index (ESRI) which
is supposed to be the first relinquish that management used to make to keep them
stable in such pandemic situation.

There are several potential contributions that the current study is expected to
make. Firstly, the current study extracts the S&P 500 global data for ESRI, energy pri-
ces, and financial uncertainty of the US market, which are considered a good repre-
sentation of the global market, whereas studying the nexus of the aforementioned
phenomena in the current pandemic is highly significant. Secondly, the current study
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explores the scope of ESRI by using energy prices, COVID 19, and financial uncer-
tainty as to their determinants which itself is a great contribution as no study is
reported to explore similar types of relationships among the studied variables.
Thirdly, the application of a recent quantile based technique is also a potential contri-
bution, namely ‘Quantile Autoregressive Distributed Lag’ (QARDL) which is
extremely helpful in exploring the in-depth meanings and insights of the data, their
relationships, and behaviour as it links the predictor effects to the multiple quantiles
of the criterion variable, thus lead to more meaningful results (Cho et al., 2015). In
addition, the issues at hand are significantly important for the policymakers to for-
mulate suitable policies based upon the current scenario.

The rest of the current research is ordered as the next section will summarize the
most related literature findings, followed by the section in which the methodology of
the statistics employed is discussed. The outcome generated from those techniques is
reported, and lastly, the research is concluded, and relevant implications are
recommended.

2. Literature review

COVID-19 and its related literature have explored the diversified aspects in terms of
its economic effects. The different aspects of financial markets have been explored in
such literature, including investment companies, insurance companies, financial insti-
tutions, and stock markets. In contrast, in terms of commodities, gold prices, oil pri-
ces energy prices have been explored by multiple researchers (Jiang et al., 2021). The
majority of the literature has reported a negative relationship between COVID 19
with different attributes of financial markets across the globe (Dzigbede & Pathak,
2020). On the other hand, while compared with the health sector, the financial sector
is reported to be least performing due to disruption in the performance of economic
activities, which destructs the confidence of the investors for further future invest-
ments in the financial markets (Ibn-Mohammed et al., 2020; Nguyen et al., 2021;
Topcu & Gulal, 2020). Moreover, the study by Pak et al. (2020) have an in-depth
exploration of the determinants of the reduction in the income levels and the volatil-
ities faced by the financial sector because of the destructed economic indicators due
to COVID and concluded that the COVID has distressed and troubled the whole
value and supply chain. Furthermore, (Caggiano et al., 2020) also reported the
adverse effects of COVID19 and reported the higher uncertainties in the global mar-
ket due to COVID.

Rizvi et al. (2020) revealed the COVID-19 pandemic and asset management nexus
in EU economies. According to the empirical findings, managers prefer to shift their
findings to low-risk options from the high-risk options and sector due to the pan-
demic. Similarly, in another interesting study (Mirza et al., 2020) also highlighted the
interconnection between price reaction, volatility, and performance of European
investment funds and the COVID-19 pandemic (Gao et al., 2021). Social entrepre-
neurship funds performed better and showed resilience during the pandemic as
opposed to the investment funds. Yarovaya et al. (2020) described the influence of
human capital efficiency on equity funds in selected EU economies (X. Ji, Zhang,
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et al., 2021). The study’s empirical results elaborated that equity funds perform better
compared to other available investment options in the market. In another interesting
study, Mirza et al. (2020) also highlighted that the recent pandemic impacted the
solvency profile of the selected firms badly. In addition, there are three most affected
sectors, retail, mining, and manufacturing. Similarly, Mirza et al. (2020) took the case
study of Latin American economies and confabulated that funding options with
higher human capital efficiency outperform other investment options. Yarovaya et al.
(2021) also supported the previously mentioned notion that investments funds with
higher human capital efficiency can perform better than their counterparts with lower
human capital efficiency.

In recent years we have observed a surge in research about the significance of
green finance for different economies. For instance, S. A. A. Naqvi et al. (2021) com-
pared the performance of green and conventional funds; however, based on the
selected sample of 27 emerging markets, the empirical results supported the notion
that traditional funda performs better compared to renewable counterparts. Lobato
et al. (2021) compared the performance of two kinds of funds, conventional and
responsible exchange-traded funds. The empirical analysis could not find a significant
difference between the performance of these two alternative funding options. Further,
in the same context, X. Ji, Zhang, et al. (2021) also elucidated that green financing
funds have an edge on other comparable funding options, i.e., brown and black
funds. Umar, Ji, Mirza, and Naqvi (2021) also confabulated that green funds proved
to be one of the essential sources to improve the quality of the banking sector. Umar,
Ji, Mirza, and Naqvi (2021) explored the commodity prices and banking performance
nexus for 12 developing economies. The study confabulated that the resource curse is
one of the possible drivers of the default of the banking. In addition to this, X. Ji,
Zhang, et al. (2021) also elucidated that firms and investors have to pay the premium
for investing in green funds, therefore these funds do not seem a profitable opportun-
ity for the firms and investers. Similarly, Taghizadeh-Hesary and Yoshino (2020) also
illustrated that economic growth is one of the most prominent factors to enhance the
energy exports in case of the Russian Federation and its export partners. Umar, Su,
Rizvi, and Lobonţ (2021) confabulated that it is essential for the policy makers to
detect the crude oil price bubbles and formulate the suitable policies.

The present empirical analysis contributes to the mainstream literature in many
ways. For instance, while connecting the ESRI with the financial investments, Sinha
et al. (2021) have explored the potential of green investments and bond financing on
the S&P 500 discussed ESRI. The study has employed Quantile and Quantile regres-
sion, linking the predictors’ quantiles with the criterion variable’s quantiles and the
Wavelet decomposition approach. The data from 1st Oct 2020 to 31st July 2020
reported a negative relationship among the aforementioned relationships. On the
other hand, the study by Sharif et al. (2020), with the help of wavelet-based method-
ology, reported that energy prices were highly affected in the US due to COVID 19,
leading to the creation of a higher level of uncertainties. Similar findings were
reported by Peng et al. (2020), who explored the relationship between oil prices and
the stock market in the context of China, followed by the study of W. Zhang and
Hamori (2021), who also reported similar relationships in the stock markets of
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Germany, Japan and US during the erupted period of COVID. Nevertheless, the
study where financial uncertainty, COVID, and energy prices were collectively
explored on the ESRI found a gap and is intended to be filled by the current study.
The empirical findings of the study provide a deeper understanding to policymakers
for effective policy delivery.

3. Methodology

3.1. Data

The current study is an attempt to understand the in-depth relationships of Energy
prices (OIL), COVID-19 (COVID), and financial uncertainty (VIX) with the environ-
ment and social responsibility (ESRI) by the application of a recent and advanced
‘Quantile Autoregressive Distributed Lag’ (QARDL). In order to measure the OIL, the
proxy of oil prices is being used, whereas COVID is the reflection of a number of
individuals who reported to have been diagnosed with COVID. VIX reflects volatility
that occurs in the financial market and causes uncertainty, whereas ESRI is a global
index that reflects the environment and social concerns perceived by the firms glo-
bally. Furthermore, the data frequency of the aforementioned phenomena is the daily
data taken from January 1st, 2020, to July 31st, 2021. In addition to this, all of the
studied phenomena are global and are extracted from the database of Bloomberg
except for COVID, which was extracted from the database of Worldometer.

3.2. Quantile autoregressive distributed lag (QARDL)

As mentioned earlier, QARDL is a recent and advanced technique used in the current
study to understand the relationships among the studied variables. This technique
was developed by Cho et al. (2015), which can enlighten the effects of predictors in
the current study, OIL, COVID, and VIX on the quantiles of criterion variables,
ESRI. In addition to this, the examination of the integration among the studied varia-
bles based on the time-varying principles was done through the Wald test, which is
capable of evaluating the level of steadiness of the coefficients integrated throughout
the quantiles Umar, Su, Rizvi, and Shao (2021). The mathematical representation of
traditional ARDL, which explores the associations among the studied variables, are
mentioned below:

ESRIt ¼ aþ
Xp
i¼1

;iESRIt�1 þ
Xq1
i¼0

xiOILt�1 þ
Xq2
i¼0

kiCOVIDt�1 þ
Xq3
i¼0

hiVIXt�1 þ et

(1)

As mentioned in Eq. (1), et is the reflection of the error term, which is further

explained as ESRIt � E ESRIt
Ft�1

h i
: The term Ft�1 represents the minimum r-field which

is yielded through OILt ,COVIDt,VIXt,ESRIt�1,OILt�1,COVIDt�1,VIXt�1 . . . . . .f g:
The selection of equation’s optimized orders of lag is made through ‘Schwarz
Information Criterion’, which are p, q1, q2, and q3: Moreover, the logarithm form of
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the predictor variables are represented by OILt,COVIDt , and VIXt , whereas the loga-
rithm form of the criterion variable ESRIt: In addition to this, the traditional ARDL
mentioned in Eq. (1) is further expanded and restructured by Cho et al. (2015) with
an objective to accommodate the initial type of QARDL (p,q) model as mentioned
below:

QESRIt ¼ aðsÞ þ
Xp
i¼1

;iðsÞESRIt�1 þ
Xq1
i¼0

xiðsÞOILt�1 þ
Xq2
i¼0

kiðsÞCOVIDt�1

þ
Xq3
i¼0

hiðsÞVIXt�1 þ etðsÞ (2)

Referring to Eq. (2), the error term is expanded as et sð Þ ¼ ESRIt�1 � QESRIt
s

Ft�1

� �
whereas QESRIt

s
Ft�1

� �
is the description of sth quantile of ESRIt subjected to the set of

information Ft�1 as mentioned earlier Kim and White (2003). The reformulation of
Eq. (2) for analysing the QARDL is mentioned below:

QESRI ¼ a sð Þ þ
Xq1�1

i¼1

dOILi sð ÞDOILt�1 þ cOILðsÞOILt þ
Xq2�1

i¼1

dCOVIDi sð ÞDCOVIDt�1

þ cCOVIDðsÞCOVIDt þ
Xq3�1

i¼1

dVIXi sð ÞDVIXt�1 þ cVIXðsÞVIXt

þ etðsÞ ð3ÞWhereas, cOIL sð Þ

¼
Xq1
i¼0

xi sð Þ, dOILt sð Þ ¼ �
Xqi
j¼iþ1

xi sð Þ, cCOVID sð Þ ¼
Xq1
i¼0

ki sð Þ, dCOVIDt sð Þ

¼ �
Xqi
j¼iþ1

ki sð Þ, cVIX sð Þ ¼
Xq1
i¼0

hi sð Þ and dVIXt sð Þ ¼ �
Xqi
j¼iþ1

hi sð Þ

It should be noted that the parameters shown in Eq. (3) are used to evaluate the
dynamics in a shorter period of time. The relationship in the longer period of time is
examined by re-structuring Eq. (3), which is shown below as Eq. (4).

QESRIt ¼ l sð Þ þ X'tb sð Þ þMt sð Þ (4)

Referring Eq. (4), X ¼ ½OIL, COVID, VIX� and bOIL sð Þ ¼
cOIL sð Þ 1�Pp

i¼1 ;G sð Þ
� ��1

and Mt sð Þ ¼ P1
j¼0 #OILj sð ÞDOILt�1 þ

P1
j¼0 hOILj sð ÞDet�1,

with l sð Þ ¼ a sð Þ 1�Pp
i¼1 ;G sð Þ

� ��1
and #j sð Þ ¼ P1

l¼jþ1 pl sð Þ: The computation of

bCOVID sð Þ and bVIX sð Þ is done similarly. fh0 sð Þ, h1 sð Þ, . . . and fp0 sð Þ, p1 sð Þ, . . .
have been explained as

P1
i¼0 hi sð ÞLi ¼ 1�Pp

i¼1 ;i sð ÞLi
� ��1

and
P1

i¼0 pi sð ÞLi ¼
1� Lð Þ�1

Pqi
i¼0

xi sð ÞLi
1�
Pqi

i¼0
xi sð ÞLi �

Pqi
i¼0

xi sð Þ
1�
Pqi

i¼0
xi sð Þ

� �
:
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In addition to this, the possibility of serial correlation of e was avoided through
the generalization of QARDL as mentioned below:

QDESRIt ¼ aþ qESRIt�1 þ ;OILOILt�1 þ ;COVIDCOVIDt�1 þ ;VIXVIXt�1

þ
Xp
i¼1

;iDESRIt�1 þ
Xq1�1

i¼1

xiDOILt�1 þ
Xq2�1

i¼1

kiDCOVIDt�1 þ
Xq3�1

i¼1

hiDVIXt�1

þ vt sð Þ
(5)

Despite of the aforementioned restructuring, there is still the possibility of having
dubious outcome due to the simultaneous nature of correlations among the
DOILt , DCOVIDt , DVIXt and vt: Such kind of correlations can be avoided through
the utilization of projected estimations of vt over DOILt , DCOVIDt, DVIXt through
the formation of vt ¼ cOILDOILt þ cCOVIDDCOVIDt þ cVIXDVIXt þ et: This led to the
variance of et unrelated with the estimates of DOILt , DCOVIDt , DVIXt: The earlier
projected estimations are incorporated in Eq. (5), which generalizes the quantile
regression framework. Therefore, the projected QARDL-ECM is formulated as men-
tioned below:

QDESRIt ¼ a sð Þ
þ q sð Þ ESRIt�1 � bOIL sð ÞOILt�1 � bCOVID sð ÞCOVIDt�1 � bVIX sð ÞVIXt�1ð Þ

þ
Xp�1

i¼1

;i sð ÞDESRIt�1 þ
Xq1�1

i¼1

xi sð ÞDOILt�1 þ
Xq2�1

i¼1

ki sð ÞDCOVIDt�1

þ
Xq3�1

i¼1

hi sð ÞDVIXt�1 þ et sð Þ

(6)

The accumulated effects for the shorter period of time is measured of the previous
observation of ESRI on the latest observation of ESRI through ;� ¼ Pp�1

j¼1 ;j: The
computation of accumulated effects in the shorter period of time of existing and ear-
lier observations for OIL, COVID, and VIX on ESRI is accordingly made through
x� ¼ Pq1�1

j¼1 xj, k� ¼ Pq2�1
j¼1 kj and h� ¼ Pq3�1

j¼1 hj: Furthermore, the cointegration in
the longer period of time for OIL, COVID, and VIX is calculated through bOIL ¼;OIL
q , bCOVID ¼ ;COVID

q and bVIX ¼ ;VIX
q Separately. In addition to this, the accumulated

estimating and cointegration parameters for shorter and longer periods of time,
respectively, are calculated with the help of the Delta Method. Moreover, q which is
the reflection of the parameter of ECM should necessarily be negative and statistically
significant.

On the other hand, the employment of Wald Test is made, which originally is
made on the principles of distribution of Chi-Square for the purpose of investigating
the asymmetric and non-linear effects of the predictor on criterion and their respect-
ive statistical significance. By the help of this test, the examination of the null and
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alternate hypothesis for the parameters of both longer and shorter period of
time ;�, x�, b�and q�:

H;
0 ¼ F;� sð Þ ¼ f Against H;

1 ¼ F;� sð Þ 6¼ f
H;

0 ¼ Sx� sð Þ ¼ s Against H;
1 ¼ Sx� sð Þ 6¼ s

H;
0 ¼ Sbi� sð Þ ¼ s Against H;

1 ¼ Sbi� sð Þ 6¼ s
H;

0 ¼ Sqi� sð Þ ¼ s Against H;
1 ¼ Sqi� sð Þ 6¼ s

F and f are the pre-determined matrices in the aforementioned hypotheses: h�ps
and h�l. Moreover, S and s are also similar and are h�s and h�l, whereas the h is actu-
ally the reflection of restrictions imposed (Cho et al., 2015), whereby i is the reflection
of predictor variables, OIL COVID and VXI. Precisely, the Wald test was applied to
examine the non-linear associations according to the speed of adjustment made by the
parameter and the integration made in a longer period of time. On the contrary, four
different tests were applied for every single parameter and respective groups.

4. Estimations and results

Prior to applying the QARDL (as discussed in the earlier section), some other tests
were accordingly employed to assess the level of coherence, robustness, and internal
consistency. Therefore, at the initial stage, descriptive statistics of the studied variables
were assessed in Table 1. Among the predictor variables, OIL, COVID, and VIX, the
mean value of OIL was found to be 0.3061, and its standard deviation was reported
to be 1.0413, whereas the maximum and minimum values of these variables are
observed to be 0.401 and 0.1602, respectively. In the case of COVID, the mean value
was found to be 0.0612, and its standard deviation was reported to be 0.4042, whereas
the maximum and minimum values of this variable are 0.1215 and 0.0340, respect-
ively. Moreover, in the case of VIX, the mean value was found to be 0.5010, and its
standard deviation was reported to be 1.0403, whereas the maximum and minimum
values of this variable are observed to be 0.7020 and 0.1103, respectively. On the
other hand, considering the criterion variable in the current study is ESRI, the mean
value was found to be 0.0100, and its standard deviation was reported to be 0.0132,
whereas the maximum and minimum values of these variables are observed to be
0.0710 and 0.0085, respectively.

On the contrary, the application of the Test of Jarque-Bera was made to assess the
existence of normality among the dataset. The presence of normality is extremely cru-
cial as its absence ignite the possibilities of the contagious outcome. The hypothesis
statements of this test entail the absence of normality if there is a refusal of the null
hypothesis, whereas the data is said to be normal if there is the approval of the

Table 1. Results of descriptive statistics.
Variables Mean Min. Max. Std. Dev. J-B Stats

ESRI 0.0100 0.0085 0.0710 0.0132 18.0207���
OIL 0.3061 0.1602 0.401 1.0413 16.0138���
COVID 0.0612 0.0340 0.1215 0.4042 21.0183���
VIX 0.5010 0.1103 0.7020 1.0403 19.0519���
‘Note: The asterisk ���, �� and � represent the level of significance at 1%, 5%, and 10% respectively’.
Source: Author’s estimation.
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alternate hypothesis. The results depicted in Table 1 acknowledges that all of the
studied variables including predictors and criterion are having a normal distribution
which is also found to be significant at 1% level of significance (Razzaq, Sharif,
Ahmad, et al., 2021; Shahbaz et al., 2018; Sharif et al., 2019).

Once the exploration of the descriptive statistics was done, the existence of integra-
tion in the dataset along with their order respectively was made in the later stage.
Such assessment is also considered as essential and vital before the application of
QARDL is made. Hence for the said purpose, the unit root test of ‘Augmented
Dickey-Fuller (ADF)’ along with the test of Zivot and Andrews (2002) (ZA) was
employed, which is in accordance with the existing similar studies (Godil et al., 2020;
Razzaq, Sharif, Najmi, et al., 2021). It should be noted that the test of ZA is superior
to any other similar kind of tests assessing unit roots with an additional competency
of ascertaining the structural breaks. The summarized outcome mentioned in Table 2
confirms that all of the studied variables are free to form the unit root problem as
they are statistically significant at a 1% significance level. Moreover, the outcome of
the ZA test also ascertains the structural tests present in the variables, as mentioned
in Table 2. The findings of these tests are actually the assurance of the quality attrib-
utes which eventually justify that QARDL can be applied in this kind of data set. The
application of QARDL is legitimate even when the data possess the attributes of non-
linearity, having multiple and dynamic trends and structural breaks (Aziz et al.,
2020, 2021).

After confirming stationarity in the dataset, the employment of QARDL is finally
made as per the objectives of the current study in which there are three predictor
variables, namely OIL, COVID, and VIX, and once criterion variable, which is ESRI.
The outcome generated through the application of QARDL is summarized in Table 3.
In the first step, the values of ECM were evaluated, which, as discussed earlier, need
to be statistically significant, whereas its nature should also be negative. The outcome
confirms that all of the ECM values are negative for all of the quantiles and statistic-
ally significant at a 1% level of significance for all levels of the quantiles of ESRI.

Precisely for exploring the effects of energy prices on ESRI quantiles, the nature of
the relationship remains negative for all quantiles, whereas the nature of significance
evolves from low quantiles to high quantiles. As reported in Table 3, the OIL is sig-
nificant at a 10% level of significance on lower quantiles, whereas it is significant at a
1% level of significance for higher quantiles. The negative relationship is logical and
justifiable, as when there are low prices of energy, there will be additional rational or
irresponsible consumption which eventually deteriorates the ESRI. On the other
hand, when the prices will be high, there will be less consumption, and it eventually

Table 2. Results of Unit root test.
Variables ADF (Level) ADF (D) ZA (Level) Break Year ZA (D) Break Year

ESRI �1.024 �5.009��� �2.003 08/09/2020 �7.011��� 05/01/2021
OIL �0.031 �3.010��� �1.010 29/05/2020 �9.020��� 18/05/2020
COVID �2.040 �6.011��� �3.001 11/03/2021 �6.019��� 04/08/2021
VIX �0.062 �4.005��� �1.012 17/04/2020 �8.010��� 25/03/2020

‘Note: The values in the table specify statistical values of the ADF and ZA test. The asterisks ���, ��, and � represent
the level of significance at 1%, 5%, and 10%, respectively.
Source: Author Estimation’.
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improves the ESRI. Similarly, in the context of the relationship between COVID and
ESRI, the nature of the relationship remains positive for all quantiles, whereas there
is a difference in the nature of significance among low quantiles to high quantiles.
As reported in Table 3, the COVID is significant at a 1% level of significance on
lower quantiles, whereas for higher quantiles, it is also significant at a 1% level of
significance; however, it remains for mid quantiles insignificant. This kind of rela-
tionship and significance is because whenever there is a certain level of COVID,
there will be a response by the economy and institutions to counter the level of
COVID for further improving the environmental and social responsibility. For the
mid-levels, the relationship becomes insignificant because there will be enough
response at the institutional level for addressing the COVID, which eventually
makes the existing strategies remain legitimate to be pursued further. On the other
hand, as evident in the higher quantiles, the higher level of COVID requires higher
support at the institutional level. Hence the relationship is significant because at
this stage, there will be extra dedication and concerns from the institutions for
countering the consequences of COVID.

On the contrary, in terms of the relationship between financial uncertainty and
ESRI, the nature of the relationship remains negative for all of the quantiles, whereas
the nature of significance evolves from low quantiles to high quantiles. As reported in
Table 3, the relationship was statistically insignificant on lower quantiles in terms of
significance. However, as it moves towards the higher quantiles, it becomes signifi-
cant. Precisely, the relationship was significant at a 10% significance level for mid-
level quantiles, and for higher quantiles, the relationship was significant at a 1% level
of significance. This means that for higher uncertainty, there will be destruction in

Table 3. Results of quantile autoregressive distributed lag (QARDL).

Quantiles Constant ECM
Long-Run Estimation Short-Run Estimation

(s) a*(s) q*(s) bOIL(s) bCOVID(s) bVIX(s) u1(s) x0(s) k0(s) h0(s)

0.05 0.023 �0.149��� �0.341� 0.221��� �0.050 0.409��� �0.038��� 0.022�� 0.006
(0.007) (�6.065) (�1.647) (4.310) (�1.635) (2.992) (�3.462) (2.016) (�0.662)

0.10 0.014 �0.222��� �0.355� 0.222��� �0.061 0.400��� �0.043��� 0.019�� 0.024
(0.011) (�6.024) (�1.854) (3.708) (�1.629) (3.002) (�3.002) (1.983) (�1.566)

0.20 0.020 �0.210��� �0.342� 0.217��� �0.045 0.419�� �0.037��� 0.013� 0.038�
(0.006) (�5.731) (�1.801) (4.011) (�1.639) (2.880) (�3.232) (1.717) (�1.649)

0.30 0.027 �0.248��� �0.376�� 0.221��� �0.067� 0.430�� �0.031��� 0.028� 0.022�
(0.009) (�5.327) (�1.995) (3.309) (�1.649) (1.972) (�3.554) (1.720) (�1.810)

0.40 0.021 �0.314��� �0.353�� 0.219 �0.056� 0.401� �0.021��� 0.039 0.042�
(0.012) (�5.657) (�2.193) (1.512) (�1.767) (1.754) (�3.358) (0.914) (�1.746)

0.50 0.009 �0.326��� �0.335�� 0.216 �0.039�� 0.411� �0.022��� 0.020 0.012�
(0.003) (�4.747) (�2.399) (1.305) (�1.984) (1.819) (�3.342) (1.029) (�1.692)

0.60 0.019 �0.336��� �0.347�� 0.225 �0.059�� 0.403� �0.020�� 0.044 0.043��
(0.005) (�4.064) (�2.795) (0.907) (�1.995) (1.651) (�2.391) (1.215) (�1.969)

0.70 0.013 �0.324��� �0.352��� 0.226 �0.051��� 0.429�� �0.011 0.029 0.035��
(0.004) (�4.271) (�2.993) (1.613) (�2.995) (2.483) (�1.221) (0.735) (�1.994)

0.80 0.018 �0.282��� �0.367��� 0.210��� �0.065��� 0.440�� �0.007 0.050 0.028��
(0.007) (�3.750) (�3.001) (3.104) (�3.003) (2.522) (�1.094) (0.827) (�1.990)

0.90 0.014 �0.235��� �0.361��� 0.230��� �0.057��� 0.426�� �0.006 0.038 0.019��
(0.010) (�4.068) (�2.994) (3.806) (�2.994) (2.614) (�1.038) (0.638) (�1.980)

0.95 0.024 �0.268��� �0.372��� 0.218��� �0.069��� 0.435�� �0.005 0.059 0.023��
(0.008) (�4.033) (�3.002) (4.315) (�3.002) (2.541) (�0.941) (0.628) (�1.997)

‘Note: The table reports the quantile estimation results. The t-statistics are between brackets. ���, �� and � indicate
significance at the 1%, 5% and 10% levels, respectively. Source: Author Estimations’.
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the performance of the ESRI, whereas low uncertainty is always good for the econ-
omy to fulfil its environment and social responsibility.

In the shorter period of time, the aforementioned relationships were reported to
be similar outcomes as reported in the longer period. Precisely, for energy prices and
ESRI, the nature of the relationship remains negative for all of the quantiles, whereas
the nature of significance evolves from low quantiles to high quantiles. At lower
quantiles, it was significant, whereas, for higher quantiles, it becomes insignificant.
This difference is because of the shared areas of the end of a shorter period of time
and the start of a longer period of time. Similarly, for the relationship between
COVID and ESRI, the nature of the relationship remains positive for all of the quan-
tiles, whereas there is a difference in the nature of significance among low quantiles
to high quantiles. At lower quantiles, it was significant, whereas, for higher quantiles,
it becomes insignificant. This difference is because of the shared areas of the end of a
shorter period of time and the start of a longer period of time. On the other hand,
for the relationship between financial uncertainty and ESRI, the nature of the rela-
tionship remains positive for all of the quantiles, whereas the nature of significance
evolves from low quantiles to high quantiles. It was insignificant for initial low quan-
tiles; however, the relationships also evolve in terms of significance as the quantiles
evolve. The estimated results are depicted in Table 3.

Once the QARDL is successfully employed and the outcome is generated, the
Wald test is applied in the subsequent step with an objective to ascertain whether
asymmetries among the studied variables. Though the results have already established
the absence of any specific asymptotic distribution, the further capability of this test
is to explore the level of uncertainties at the level of coefficients and intercepts.
Furthermore, tests’ capabilities also include identifying any possible subsequent
change in the nature of structural breaks, even if they are sufficient to be identified
or not (Godil et al., 2020). The outcome generated provides sufficient evidence to
assume the existence of symmetries in both the time period, which are long run and
short run, which was assessed among all of the studied variables. The summarized
outcome of Wald tests is mentioned in Table 4.

Lastly, the causality and its respective direction were assessed with the help of the
Test of Granger Causality, in which the nature of causality was assessed for all of the
predictors along the quantiles of the criterion variable. Though the sort of causality
and its nature is already explained through the help of QARDL, this test enables one
to evaluate the causality the other way around, which means not just from predic-
tor(s) to criterion but also from criterion to predictor(s). The outcome generated
through the application of the test of Granger Causality reports the bi-directional
nature of causality for all of the studied relationships. Precisely, for the relationship
between OIL and ESRI, the OIL is reported to cause ESRI, which is already discussed.
However, ESRI will also have the capability to cause OIL as for pursuing the respon-
sibility towards the environment and social aspects, and there will be lessor expend-
iture on OIL which will eventually affect the demand and supply of the OIL and
hence the prices respectively. On the other hand, considering the relationship between
COVID and ESRI, the COVID is reported to cause ESRI, which is already discussed.
However, ESRI will also have the capability to cause COVID as for pursuing the
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responsibility towards the environment and social aspects, and there will be an add-
itional concern of the institutions to counter the level of COVID. Lastly, considering
the relationship between VIX and ESRI, the VIX is reported to cause ESRI, which is
already discussed. However, ESRI will also have the capability to cause VIX to pursue
the responsibility towards the environment and social aspects. There will be add-
itional attention of the governmental institutions to counter the level of uncertainties
and improve the level of confidence. The summarized outcome of the Test of
Granger Causality are mentioned in Table 5.

5. Conclusion and recommendations

The regular increase in economic growth across the globe is considered the prime
factor causing abnormal climatic conditions. Moreover, at the same time, increased
concerns towards environmental deterioration have pressured the policy-making insti-
tutions to embed the essence of sustainability without tempering the agenda for

Table 5. ‘Granger causality in quantile test results’.

Quantiles
DESRIt
to DOILt

DOILt
to DESRIt

DESRIt
to DCOVIDt

DCOVIDt

to DESRIt
DESRIt
to DVIXt

DVIXt
to DESRIt

[0.05–0.95] 0.000 0.000 0.000 0.000 0.000 0.000
0.05 0.000 0.000 0.000 0.000 0.000 0.000
0.10 0.000 0.000 0.000 0.000 0.000 0.000
0.20 0.000 0.000 0.000 0.000 0.000 0.000
0.30 0.000 0.000 0.000 0.000 0.000 0.000
0.40 0.000 0.000 0.000 0.000 0.000 0.000
0.50 0.000 0.000 0.000 0.000 0.000 0.000
0.60 0.000 0.000 0.000 0.000 0.000 0.000
0.70 0.000 0.000 0.000 0.000 0.000 0.000
0.80 0.000 0.000 0.000 0.000 0.000 0.000
0.90 0.000 0.000 0.000 0.000 0.000 0.000
0.95 0.000 0.000 0.000 0.000 0.000 0.000

‘Source: Authors Estimation’.

Table 4. Results of the Wald test for the constancy of parameters.
Variables Wald-statistics [p-value]

q 16.472���
[0.000]

bOIL 9.361���
[0.000]

bCOVID 6.603���
[0.000]

bVIX 7.094���
[0.000]

u1 11.002���
[0.000]

x0 0.964
[0.371]

k0 4.568���
[0.000]

h0 0.337
[0.893]

‘The p-values are between square brackets. ���, �� and � indicate significance at the 1%, 5% and 10% levels,
respectively’.
‘Source: Author Estimations’.
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economic development and growth. Despite the fact that Industries are primarily
profit-driven institutions, numerous researchers have urged manufacturers to play
their role for the environment’s well-being.

The pandemic has reached to more than 215 countries, it also has severely dam-
aged the financial markets, and in terms of losses, including both financial and
human casualties, no pandemic is found to be as disastrous as COVID 19. In con-
trast, the failure to handle it by government institutions and international bodies has
also raised the level of uncertainties, chaos, and anarchy. Therefore, the current study
extracts the S&P 500 global data for ESRI, energy prices, and financial uncertainty of
the US market, which are considered the good representation of the global market,
and explored the respective relationships as studying the nexus of the aforementioned
phenomena in the current pandemic is highly significant.

The application of a recent quantile based technique is made, namely ‘Quantile
Autoregressive Distributed Lag’ (QARDL) which is extremely helpful in exploring the
in-depth meanings and insights of the data, their relationships, and behaviour as it
links the predictor effects to the multiple quantiles of the criterion variable, thus lead
to more meaningful results. Furthermore, the data frequency of the aforementioned
phenomena is the daily data taken from January 1st, 2020, to July 31st, 2021.

The findings of the aforementioned relationships were reported to be the similar
outcome for the short-run as reported in the longer period of time. Precisely, for
energy prices and ESRI, the nature of the relationship remains negative for all of the
quantiles, whereas the nature of significance evolves from low quantiles to high quan-
tiles. On the contrary, in terms of the relationship between financial uncertainty and
ESRI, the nature of the relationship remains negative for all of the quantiles, whereas
the nature of significance evolves from low quantiles to high quantiles. As reported in
Table 3, the relationship was statistically insignificant on lower quantiles in terms of
significance. However, as it moves towards the higher quantiles, it becomes signifi-
cant. Similarly, for the relationship between COVID and ESRI, the nature of the rela-
tionship remains positive for all of the quantiles, whereas there is a difference in the
nature of significance among low quantiles to high quantiles. At lower quantiles, it
was significant, whereas, for higher quantiles, it becomes insignificant.

Lastly, the causality and its respective direction were assessed with the help of the
Test of Granger Causality, in which the nature of causality was assessed for all of the
predictors along the quantiles of the criterion variable. The outcome generated
through the application of the test of Granger Causality reports the bi-directional
nature of causality for all of the studied relationships.

Based on the findings, there are numerous policy implications that the current
study intends to make. First and foremost, the government and law enforcement
institutions need to maintain the level of compliance by the industries in the pursuit
of environmental and social sustainability. It is obvious that since these activities have
adverse effects on the companies’ profits, the companies can relinquish them.
Therefore, the role of institutions in maintaining compliance is pivotal for sustainabil-
ity. Secondly, despite the hardships humanity faces in these times due to pandemics,
the profit-making companies have to come forward and accordingly need to assume
their responsibilities for the environment and social health, welfare and well-being.
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Thirdly, individuals need to follow and maintain the propositions of SOPs as commu-
nicated by the institutions because the world is currently now at the recovery stage,
and the lockdown is lifted from almost every country. So if the individuals regularly
follow SOPs, then the situation will be in control, and there will be no such decision
of imposing lockdown again. Lastly, the organizations need to improve their resource
management through optimization to consume energy efficiently, which makes the
organization fulfil their environment and social responsibility.

6. Limitations and way forward

We have used the one proxy of ESRI. However, based on the limitations, future
researchers’ directions include exploring further determinants of ESRI, which is a
good proxy for measuring sustainability. Moreover, the concept of sustainability com-
prises three streams: environmental, social, and financial aspects. In ESRI, the finan-
cial aspect is missing, so a more advanced index is recommended, which incorporates
the financial aspect. In addition to this, similar relationships should be explained to
draw the comparison and similarity in terms of developing and developed countries.
Most importantly, the countries regarded as the epicentre in different points of time
for COVID 19, like China, England, India, etc., should be explored because these
countries were reported to be at the highest risk. Lastly, in terms of methodology, a
similar relationship should be explored by linking the quantiles of the predictors with
the quantile of the criterion so that more data insights can be extracted. Such explor-
ation is possible by applying Quantile on Quantile Regression which will serve the
purpose mentioned above.
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