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Abstract

The turbulent environment like COVID-19 has forced many firms to the brink of collapse. It has a devastating impact on
the supply chain management and its sustainability. Many firms were forced to close due to unavailability of raw materials,
essential ingredients, and labor shortage. Not many firms were capable of efficiently handling such disruptive situation. There
is not much study on appropriate supply chain strategy for such turbulent situation. The practitioners as well as academic
researchers are interested to know how to deal with such situation and remain sustainable for any such future crisis like
COVID-19. In this background the aim of this study is to examine the determinants that impact the supply chain sustainability
during turbulent situation. The study investigates how firm capability and government regulation impact the supply chain
sustainability during turbulent environment. With the help of literature review, dynamic capability theory and contingency
theory, a theoretical model has been developed. Later the model has been validated using PLS-SEM technique with 315
usable responses from employees of different firms in India engaged in supply chain management process. The study finds
out that firms’ capabilities, leadership team support and contingency plan play vital role to formulate appropriate supply chain
strategy which in turn positively impacts supply chain sustainability during turbulent environment. The study also finds that
there is a moderating role of government regulation impacting supply chain management during the turbulent environment.

Keywords Technology capability - Innovation capability - Relationship management - Government regulation -
Contingency plan - Sustainability

1 Introduction this scenario, business community has started thinking

how to address the supply chain disruption during such

Supply chain management and its sustainability are con-
sidered as a well-accepted topic in the field of operation
management. Sustainable supply chain research focuses on
three aspects. Amongst these, economic and environmen-
tal aspects play dominant role (Hallinger 2020) though the
social aspect is also receiving increasing attention (Walker
et al. 2014; Nath and Agarwal 2020). However, unprece-
dented emergence of COVID-19 pandemic across the world
has caused awful disruption in the supply chain system. In
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crisis (Handfield et al. 2020). For sustainability in supply
chain, efficiency and flexibility of the system are needed to
be improved to appropriately respond to an efficient sup-
ply chain for their innovative products (Fisher 1997). It has
been argued that for responding to address the dynamic and
turbulent situation, the firms are needed to embrace supply
chain which can quickly respond to the short-term changes
of demand and should restructure the supply chain practices
for adjusting to the long-term market changes (Lee 2004;
Aslam et al. 2018). Different scholars have advocated as to
what to do regarding sustenance of supply chain in turbulent
environment. But how that could be executed was not stud-
ied in an explicit way. Hence it is needed how by improving
the firm technological, managerial, and other capabilities
supported by leadership with structured contingency plan,
supply chain strategy can be improved. The practitioners
have started thinking how appropriate use of advanced
technology could improve the competence of the firms to
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address such ominous situation in future (Oh et al. 2020). It
is essential to think how the use of technology could improve
the supply chain resilience through integration of different
functional areas of the firms by linking them with the dis-
tributers, suppliers, and customers (Kim and Park 2017).
Also, it is considered that by improving Customer Relation-
ship Management (CRM) abilities, the collaboration among
the different stakeholders of supply chain activities could
be improved (Mofokeng and Chinomona 2019) in such hos-
tile environment. Thus, for addressing any turbulent envi-
ronment, firms need to take help of advanced technologies
like blockchain, artificial intelligence (AI), cloud comput-
ing, internet of things (IoT) and so on for sustaining the
supply chain system (Kumar et al. 2020). Use of advanced
technology in sustaining supply chain management is com-
monly called supply chain innovation management (Oh et al.
2020). The innovative abilities of firms needed to sustain
supply chain management during any unstable environment
is perceived to be improved by the active interference of
leadership support (Lei et al. 2018). The firms are needed
to adopt effective supply chain strategies for ensuring its sus-
tainability during any turbulent environment (Wieland and
Wallenburg 2012). During any crisis, the role of regulatory
authorities is perceived to be important. In such turbulent
environment, execution of strict regulation imposed by the
regulatory authorities would destabilize the supply chain
system (Aigbogun et al. 2018). For this, collaborative regu-
lation is needed to be implemented (Christopher and Peck
2004). Collaborative regulation is associated with the con-
cept that emerges from collaboration between supply chain
actors and regulatory authorities (Aigbogun et al. 2018;
Chatterjee 2020). Studies are there that investigated role
of supply chain management to impact firm performance
(Kumar and Kushwaha 2018; Saberi et al. 2019). By the help
of DCV theory (Teece et al. 1997) and contingency theory
(Fiedler 1993), a model has been developed by formulation
of some hypotheses which have subsequently been tested
by PLS-SEM technique. Extant literature has investigated
how economic, environmental as well as social aspects play
critical role to sustain supply chain management (Hallinger
2020). However, there are a few studies investigating how
different firm abilities and business contingency could help
the firms to develop supply chain strategy for addressing the
sustainability of the supply chain management during turbu-
lent situation under the moderating influence of government
regulation. Thus, there is a research gap. This has motivated
the authors to undertake this study. In such background, the
aim of this study is to address the following objectives.

a) To examine how the firms can cope with hostile environ-
ment by improving their intra and inter firm operations
to increase supply chain adaptability and agility for sus-
taining supply chain management.
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b) To investigate how the government regulation could act
as a moderator to help or impede the supply chain sus-
tainability of the firms during turbulent environment.

¢) To develop a model for determining how firm capabili-
ties and appropriate business plan could help the firms
to sustain their supply chain during turbulent situation.

The remaining parts of the study are structured as fol-
lows. Next, literature review and theoretical background
with development of hypotheses have been presented fol-
lowed by proposing a conceptual model. Thereafter the
model has been analyzed by rigorous statistical process
with analysis. Thereafter discussion on the results has been
presented. Next, implications and limitation with scope for
future research have been presented.

2 Background studies and theoretical
underpinning

2.1 Background studies

Strategic supply chain management not only means to move
the products to the place where they should be, but strategic
supply chain management is also considered as a tool that
helps to enhance the key outcomes of the firms (Hult et al.
2004). Supply chain entities depend on each other through
parallel and sequential network structure (Hult et al. 2007).
The supply chain entities transform the raw material to the
finished products, and it is highly vulnerable to turbulent
environment (Roh et al. 2014). Turbulent environment like
abrupt outbreak of COVID-19 caused disruption in supply
chain of many firms across the globe that caused labor short-
age, stock outs of medical commodities, and food (Larue
2020; Min et al. 2020; Sarkis 2021). To address the turbulent
environment, the businesses are found to be up and doing
to manage the disruption of supply chain sustenance using
advanced technology (Sharma et al. 2020). However, it is
observed that the stakeholders were not able to fully utilize
the potential of innovative technologies in supply chain since
socio-material arrangements stood on the way during such
turbulent environment (Pratono 2016; Nandi et al. 2021;
Sarkis 2021). To address any unforeseen situation, firms
are found to insist heavily in using modern technology for
improving efficiency and adaptability for sustaining the sup-
ply chain during any hostile situation (Chakravarty et al.
2013). Several studies have investigated customer satisfac-
tion towards supply chain portfolio strategy (Tokman et al.
2007), and supply chain resilience (Altay et al. 2018). Envi-
ronmental dynamism is concerned with unpredictability and
volatility of the external environment of the firms (Schilke
2014). In such turbulent environment, the dynamic capability
of the firms has considerable influence to improve several
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supply chain characteristics (Rojo et al. 2018). Sustainability
in supply chain is highly essential because supply chain is
involved with the processing of raw materials to the finished
products with ultimate delivery of those products to the cus-
tomers (Linton et al. 2007). Firms will survive if they can
address any turbulent environment sustaining their supply
chain arrangements with the help of appropriate strategies
(Mishra et al. 2016; Kalaitzi et al. 2017). For diffusion of
innovative technologies in the supply chain management to
address any turbulent environment, appropriate process syn-
chronization is necessary (Zimon and Madzik 2019; Free and
Hecimovic 2021). Turbulent environments are those envi-
ronments which are not recognized in advance like abrupt
outbreak of COVID-19 pandemic, famous trade war between
China and United States of America and so on (Nandi et al.
2021). Turbulent environment affects the society (Nath and
Agarwal 2020), and economic aspects (Hallinger 2020; Butt
2021). Supply chain practices embedded with blockchain
technology is perceived helpful as it would share informa-
tion accurately and quickly with transparency (Kumar et al.
2020). Studies transpire that it is possible to address any tur-
bulent environment towards sustainability of supply chain
using modern technologies (Sharma et al. 2020). Supply
chains are found to be typically composed of several firms
located in different places and they are impacted by locational
practices and regulations (Montabon et al. 2016). Regulatory
policy is considered as a fundamental driver of sustainable
supply chain (Zhu and Sarkis 2006). Throughout the supply
chain process, the firms are needed to reduce environmental
impacts throughout the supply chain process (Linton et al.
2007). However, in the turbulent situation, the governments
also adopt a collaborative approach for the firms for sustain-
ing their supply chain resilience (Oh et al. 2020).

From the studies of literature in the context of sustain-
ability of supply chain during turbulent environment, many
things have emerged and may things did not come out. We
have discussed some of the research works in this regard.
Some of the studies highlighted what are the impediments to
keep the flow of supply chain during turbulent situation (Roh
et al. 2014). Some studies mentioned, in the context of supply
chain management during crisis, different problems like labor
shortage, stockouts, and so on stood on the way (Larue 2020;
Sharma et al. 2020). Again, some studies highlighted that
socio-material arrangements posed impediment to keep the
flow of supply chain during hostile moment (Pratono 2016;
Nandi et al. 2021). It has been suggested that the appropriate
strategies are to be developed to sustain supply chain of the
firms during turbulent situation (Mishra et al. 2016; Kalaitzi
et al. 2017). Sustainability of supply chain management can
be achieved by the application of modern technology (Kumar
et al. 2020). But these studies did not explicitly describe how
a firm can develop its supply chain strategy to address the tur-
bulent environment by effectively meeting the present needs

without compromising the firm’s capabilities to address the
future needs. This has fueled the motivation of the authors
to take up this study.

2.2 Theoretical underpinning

This study has taken an attempt to search a solution for sus-
taining supply chain management for the firms during any
unforeseen turbulent environment. For this, we have taken
help of dynamic capability view (DCV) theory (Teece et al.
1997) and contingency theory (Fiedler 1993). DCV theory
is concerned with dynamic ability and strategic management
abilities of a firm by which the firm can integrate, build, and
reconfigure its internal and external capabilities to address
any environmental issue which is rapidly changing (Teece
et al. 1997). In this study, the issue is how firms can success-
fully sustain its supply chain resilience during any turbulent
environment. In this context, the inputs of DCV theory are
perceived to be helpful. In terms of DCV theory, it is known
that dynamic capabilities emphasized on the abilities of the
firms for responding and reacting timely and adequately to
any abrupt external environmental change (Gregory and Jon
2011). For exhibiting reactions and response, the firms must
have to improve their several capabilities. Thus, to address
any external environmental issue, the DCV theory sug-
gests that the capabilities of the affected firms are needed
to be developed by adopting appropriate strategies through
improvement of the firms’ several competencies (Felix and
Lamar 2018). In this perspective, the DCV theory helps to
provide a transparent roadmap on how a firm can sustain its
supply chain management during any turbulent environment.
The DCV theory advocates that to address any turbulent
environment, a firm needs to develop their several capabili-
ties (Basiouni et al. 2019). In the context of this study, the
capabilities are perceived to cover technological, innovative
as well as relational development aspects. Dynamic capa-
bility being the higher order capability explains the firms’
abilities to face volatile market in the highly dynamic and
changing environment (Eckstein et al. 2015). In this context,
we seek to realize the role of firms’ dynamic capabilities
and their influence on supply chain strategy to sustain sup-
ply chain in hostile circumstances. Here, we consider firms’
capabilities as dynamic capabilities and in conformity with
Teece (2014), we expand the definition of firms’ capabilities
with other sub capabilities to sense, seize, and reconfigure
so that in dynamic turbulent situation, the firms can develop
their supply chain strategy to sustain their flow of supply
chain.

Again, contingency theory (Fiedler 1993) approach is per-
ceived to serve as a basic concept concerning nexus between
external uncertain environment and emergent strategies
needed to be adopted by the firms to sustain supply chain
system. Contingency scholars argue that firm performance is
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considered as a function of congruence between the affected
firms and the external environment as well as the strategies
(Venkataraman 1989). In terms of the contingency theory, it
is known that there is no best way a firm can adopt to address
any uncertain external situation. Hence, firms needed to have
a contingency plan with several options to address any tur-
bulent situation. In this context leadership of the firms is
needed to be flexible in choosing succinct strategies that suit
the abrupt change in the external situation. Thus, to address
any unforeseen turbulent environment, leadership is needed
to decide which action is befitting to address any external
situation (Pratono 2016). Thus, to adopt supply chain strat-
egy in the context of this study, the firms need to adopt con-
genial contingency plan and to apply appropriate strategies
to address changed situational environment for sustaining
the supply chain system and for this, support of leadership
is also considered important (Peter 2007).

3 Formulation of hypotheses
and development of conceptual model

With the study of literature, the DCV theory and contin-
gency theory, the determinants that impact supply chain
strategy prompting supply chain sustainability during tur-
bulent environment could be identified. Also, moderating
effects of government regulation have been considered in
this study to affect sustainability of supply chain of the firms
during turbulent environment. All these aspects will be dis-
cussed here to help for formulation of several hypotheses
that would help to develop the conceptual model.

3.1 Technology capability (TC)

Many studies have suggested that transportation, partners,
external suppliers, and the customers are required to be
interlinked for ensuring integration and collaboration in the
supply chain system (Sungbae and Taesoo 2016; Panahifar
et al. 2018). To ensure such effective integration and col-
laboration, there is need of accurate exchange of informa-
tion among the supply chain stakeholders (Errassafi et al.
2019). Developing technological capability of the firms,
the information exchange system will be improved within
the supply chain system helping to mitigate the uncertainty
enabling the firms to promptly respond to demand of the
customers (Mofokeng and Chinomona 2019). To address any
turbulent environment, the firms are needed to adopt appro-
priate supply chain strategy under such dynamic situation.
This concept is in conformity with DCV theory (Teece et al.
1997). For adoption of appropriate strategy to sustain supply
chain resilience, information flow must not be interrupted
and obviously, this requires use of advanced technology (Li
et al. 2009). Accordingly, it is hypothesized as follows.
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H1: Technology capability (TC) of a firm positively
impacts the supply chain strategy (SS) of that firm to
address any turbulent environment.

3.2 Innovation capability (IC)

Innovation capability (IC) of a firm is considered to com-
prise of technological innovation and social innovation in the
context of addressing any turbulent environment for keep-
ing the supply chain system sustainable (Sarkis 2020). In
response to address any turbulent environment for sustaining
supply chain, a firm needs to adopt industry 4.0 technologies
like IoT, Al, cyber physical system (CPS), blockchain tech-
nology, cognitive computing technology and so on (Kumar
et al. 2020; Chatterjee et al. 2020a). It is important to real-
ize that social and environmental crisis will occur in future.
None knows when and in what level such turbulent incident
would take place. But having necessary data driven system
like big data, a firm can quickly and aptly respond and react
to such social and environmental crisis (Desjardine et al.
2019). Data sharing can be made transparent and accurate
in a quicker way with the help of blockchain technology and
if such technology is integrated with Al and IoT, the firms’
supply chain managers can take quick decision for subse-
quent actions to address such uncertain situation (Saberi
et al. 2019; van Hoek 2019; Chatterjee et al. 2020b). Social
innovations are concerned with technological transforma-
tion landscape. Social innovations like sharing economy and
circular economy are perceived to have impacted a firms’
supply chain resilience (Aigbogun et al. 2018). Firms should
emphasize on supply chain localization by the help of indus-
trial symbiosis, use of local biproducts, and so on which
are considered as supply chain enablers as well as circu-
lar economic practices (Smart et al., 2017). The firms can
develop supply chain strategy by developing technological
and social innovation through improvement of research and
development practices (Smart et al. 2017). Accordingly, it
is hypothesized as follows.

H2: Innovation capability (IC) of the firms positively
impacts the supply chain strategy (SS) to address any
turbulent environment.

3.3 Relationship management capability (RC)

Relationship management capability (RC) of a firm is con-
sidered as a communication among different stakeholders
of the firms in the context of relational view that would
improve the sustainability of supply chain system in any tur-
bulent environment (Paulraj et al. 2008). RC has the power
to acquire new skills and can enhance the collaborative
activities among the stakeholders involved in supply chain
(Kale et al. 2000). RC is also conceptualized as the ability
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to tighten relationship through development of trust and
sharing knowledge (Park 2015). RC includes the qualities
like dedication, mutual trust as well as benefits (Wu et al.
2014) which strengthens supply chain performance enhanc-
ing coordination among the partners (Wu et al. 2014). RC
helps to the supply chain partners for focusing on decision
making, adopting accurate strategies to achieve the common
goal (Zacharia et al. 2011). Trust, relationship immersion
and communication are considered as fundamental elements
of RC which are perceived to help for adopting accurate sup-
ply chain strategy (Wittmann et al. 2009). Accordingly, it is
hypothesized as follows.

H3: Relationship management capability (RC) of a
firm positively impacts the supply chain strategy (SS)
of a firm to address any turbulent environment.

3.4 Contingency plan (CP)

Contingency theory (Fiedler 1993) posits that there is no
best specific way to address any turbulent environment to
sustain supply chain system. What steps would be taken by
a firm to address a turbulent environment depend on the
nature of turbulence and on the firms’ internal and external
situation (Pratono 2016). This is the main theme of contin-
gency theory. Accordingly, it can be said that a firm must
have an appropriate contingency plan to address any turbu-
lent environment for sustaining supply chain management
(Fredericks 2005). Effective contingency plan is perceived
to help a firm to adopt appropriate supply chain strategy.
Firms adopt strategies to sustain supply chain resilience and
the specific strategy to be adopted depends on the nature
and level of the uncertain turbulence (Pratono 2016; Salam
et al. 2017). Accordingly, it is hypothesized as follows.

H4: Contingency plan (CP) of a firm positively impacts
the supply chain strategy (SS) of the firm to address
any turbulent environment.

3.5 Leadership team support (LS)

Studies have revealed that leadership team support (LS) has
an effective influence on the innovation abilities of a firm to
address any turbulent environment (Zhang et al. 2018). For
sustaining supply chain management of a firm at the time of
turbulent environment, the firm needs to adopt a particular
strategy that depends on the characteristics of the turbulence
which is the concept of contingency theory (Fiedler 1993). In
such situation, the firm requires financial help and that can be
ensured by the leadership team support (Le and Lei 2018). To
implement a strategic plan, a firm needs appropriate fund and
considerable efforts of the employees of the firm (Venkatraman
1989; Smart et al. 2017). In this context, LS plays a critical role
since such support helps to create a conducive atmosphere in

the firm ensuring to effectively execute the strategy (Donate
and Guadamillas 2011). Accordingly, it is hypothesized as
follows.

HS5: Leadership team support (LS) of a firm positively
impacts the execution of supply chain strategy (SS) of
the firm to address any turbulent environment.

3.6 Supply chain strategy (SS)

Value of supply chain can be perceived from the fact that
how a firm is being able to use its supply chain management
as a strategic weapon (Ketchen and Hult 2007). Supply chain
process has become borderless, and it is an invisible process
that emphasizes on the flexibility and speed of the process
(Bowersox et al. 2002). Flexibility is conceptualized as how
the supply chain could estimate the nature of uncertainty
it might have to face, and it could create an alignment by
adopting effective strategy (Schlittgen et al. 2016). Speed of
the supply chain is conceptualized as the time required from
placing the order by the customer to delivery of that product
to the customer. Again, the supply chain is needed to meas-
ure the operational performance of the supply chain process
in the context of turbulent environment that can evaluate
the effectiveness of the supply chain strategy (Ringle and
Sarstedt 2016). Accordingly, it is hypothesized as follows.

H6: Supply chain strategy (SS) of a firm positively
impacts the firms’ supply chain sustainability during
turbulent environment (ST).

3.7 Moderating role of government regulation (GR)

It is recognized that the supply chain flow depends on the
natural environment where it is embedded (Chopra and
Meindl 2013). Supply chain involves multiple firms dis-
persed geographically and as such, the firms are influenced
by the regulations of that land where they are operating
(Manning et al. 2012; Montabon et al. 2016). Consequently,
regulatory policies at one place in the chain may be different
for the other firms connected in the chain but functioning in
another place. Three types of regulatory policies are there
which are market-based policies, command-and-control
regulations, and non-regulatory approaches (Darnall et al.
2019). The regulatory authorities always encourage the
forms’ involvement in supply chain activities to reduce the
environmental impacts throughout the process. In the turbu-
lent environment, the firms encounter several constrains in
the supply chain process and over this, if the impacted firms
are to adhere to obey all the regulatory checks in the process
in such situation, it is likely that supply chain sustainability
in the turbulent environment is impeded (Gupta and Piero
2013). Accordingly, it is hypothesized as follows.
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Fig. 1 Conceptual model for
supply chain sustainability dur-
ing turbulent environment

Firm Capability
(DCV Theory)
)

Technology
Capability (TC)
~— @ @@

)
Innovation

Capability (IC)

—

Relationship

Management
Capability (RC)

~—

Government
Regulation
(GR)

Supply chain
sustainability
during turbulent
environment (ST)

Supply chain
Strategy (SS)

Contingency Leadership
Plan (CP) Team Support

H7: The government regulation has a negative impact
on the relationship between supply chain strategy (SS)
and firms’ supply chain sustainability during turbulent
environment (ST).

With all these inputs, a model is developed conceptually.
It is shown in Fig. 1.

4 Research methodology

For this study, we have used Warp PLS 6.0 for testing the
hypothesized model (Wamba et al. 2020). We have used
partial least square (PLS) structural equation modelling
(SEM) technique (Kock 2019). However, it is observed that
in traditional PLS method, the latent variables are meas-
ured as weighted aggregation of items by not including
the errors in measurements (Henseler et al. 2014). It has
been argued that without consideration of measurement
errors, the use of composites without consideration of fac-
tors could have invited some unwanted known source of
bias (Kock 2019). It appears that in such case, path coef-
ficients are found to weaken relating to their correspond-
ing true values. Thus, the developed PLS-SEM technique
considering factors is claimed to have bridged the gap
between PLS-SEM technique and co-variance-based SEM
(CB-SEM) (Sarstedt et al. 2014). However, PLS-SEM tech-
nique can analyze such data which are not normally dis-
tributed (Henseler 2009, 2010; Hair et al. 2011; Peng and
Lai 2012). This technique also can analyze data without
restriction of sample size (Kock and Hadaya 2018; Kumar
and Kushwaha 2018).
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4.1 Measurement instrument

To develop the scale, help of literature and concept of the
constructs were taken. From the inputs of the standard scale,
a set of questions (questionnaire) was prepared. Then, for
ensuring the readability and comprehensiveness of the ques-
tionnaire, pre-test was performed. The results of the pre-
test helped to eliminate some unproductive questions and
to include some productive questions. Also, opinion of five
experts having knowledge in the domain of this study was
taken to refine the wordings of the questions. A pilot test was
also conducted to finetune the questions. In such way, by
step-by-step correctional procedure, the questionnaire was
prepared (Carpenter 2018). The questions were prepared in
such a way as the prospective respondents may not feel any
problem to understand the questions and from the responses,
the attitudes of the respondents regarding supply chain sus-
tainability in turbulent environment could be understood.
In this way, 34 questions in the form of statements were
prepared. The questionnaire with the sources is provided in
the appendix.

4.2 Collection of respondents

For collection of data, we selected firms from four cities
of India. The cities are Mumbai, Bengaluru, Kolkata, and
Chennai. In these cities, it is known that many firms have
been operating (Duupdates Report 2020). We selected some
manufacturing firms at random in these cities and selected
693 employees of these firms. These employees are known
to have been engaged in supply chain management process
of their respective firms. Details of these 693 employees



Supply chain sustainability during turbulent environment: Examining the role of firm...

were collected. Each of them was provided with a response
sheet. It contained the questionnaire with five options. Each
respondent is needed to put a tick mark in one option out of
five options against each question. With the response sheet,
it was informed to the respondents a detailed guideline as
to how to fill up the response sheet. Also, it was informed
to the respondents that their anonymity and confidentiality
will be preserved. They were requested to respond within
two months (January and February 2021). Be it mentioned
here that the responses have been quantified in 5-point Lik-
ert scale with marking 1 against Strongly Disagree (SD) to
5 against Strongly Agree (SA). However, within time, 327
respondents responded. The response rate was 47.19%. On
scrutiny, out of 327 responses, 12 responses were found
incomplete. These were not considered. Analysis was done
with 315 responses against 34 items. This is within accept-
able range (Deb and David 2014). It is pertinent to men-
tion here that in terms of the observation of Deb and David
(2014), it is stated that the allowable range concerning num-
ber of items and the number of respondents should bear the
ratio between 1:4 to 1:10. In that respect, in this study since
the number of items is 34, the number of respondents should
be between 136 to 340. In this study, the number of respond-
ents is 315 which lies between 136 and 340. The details of
315 respondents are provided in Table 1.

5 Analysis of data
5.1 Measurement properties

Loading factor (LF) of each item has been estimated for
measuring convergent validity. Again, validity, reliability,
and consistency of each construct have been assessed. For
this, average variance extracted (AVE), composite reliabil-
ity (CR), and Cronbach’s alpha (o) of the constructs have
been estimated. For verifying defects of multicollinearity,
variance inflation factor (VIF) of each construct has been
determined. All the parameters are within allowable range.
The results are shown in Table 2.

Table 1 Details of respondents (N=315)

Type of firms Hierarchy of employees Number (%)
Manufacturing Firms Executives 22 (7.0%)
Senior managers 61 (19.3%)

101 (32.0%)
131 (41.7%)

Midlevel managers
Junior managers

5.2 Discriminant validity test

The square roots of all the AVEs have been computed. It is
found that all the values of square roots of AVEs are greater
than the respective bifactor correlation coefficients. This
satisfies Fornell and Larcker criteria (Fornell and Larcker
1981). It confirms discriminant validity. It is pertinent to
mention here that the discriminant validity indicates how
a construct is different from the other constructs (Hulland
1999). The results are shown in Table 3.

5.3 Verification of moderating effects

For verifying the effects of the moderator, government regu-
lation (GR) on the linkage H6, the effects of Strong GR and
Weak GR on the relationship (H6) have been verified. For
this, Multi Group Analysis (MGA) has been performed with
bootstrapping procedure considering 5000 resamples. It is
known that if the p-value difference between the effects of
Strong GR and Weak GR on a linkage is found either less
than 0.05 or greater than 0.95, it is said that the effects of
that moderator on that linkage are significant (Hair et al.
2016). The results show that in this case, the p-value differ-
ence for the effects of Strong GR and Weak GR is 0.02 on
the linkage H6. Hence, the effects of the moderator, GR on
H6 are significant.

5.4 Common method variance (CMV)

With the responses of the respondents, we have come to
the findings. It is to be assessed if the responses are biased
or not. As a preemptive measure, during survey, all the
respondents were assured that their anonymity and confi-
dentiality will be preserved. This was done as a preemptive
measure so that the respondents could respond without any
bias. However, to verify if there is still any bias, CMV has
been performed. Harman’s single factor test (SFT) has been
done. It has been observed that the first factor emerged as
33.54% which is within the highest recommended value of
50% (Podsakoff et al. 2003). Hence, it is inferred that the
data could not distort the results.

5.5 Hypotheses testing (SEM)

A two-stage approach has been undertaken for analyzing
the results (Hair et al. 2013; Saura et al. 2019). In the first
stage, we have evaluated the measurement model. In the
second stage here, we will test the predictive abilities of
the model. We shall also analyze the relationships between
the constructs and their explanatory power. A bootstrapping
procedure with consideration of 5000 resamples has been
adopted to find out the results.
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Table 2 Measurement

properties Construct Item LF AVE CR o VIF No. of Items
TC 0.73 0.77 0.79 39 4
TCl 0.89
TC2 0.76
TC3 0.84
TC4 0.82
IC 0.80 0.83 0.86 42 5
IC1 0.94
IC2 0.97
1C3 0.82
IC4 0.89
IC5 0.85
RC 0.83 0.86 0.89 3.7 5
RC1 0.91
RC2 0.88
RC3 0.90
RC4 0.95
RC5 0.90
Cp 0.84 0.87 0.91 4.6 5
CP1 0.86
Cp2 0.93
CP3 0.95
CP4 0.94
CP5 0.91
LS 0.79 0.82 0.86 4.5 5
LS1 0.96
LS2 0.89
LS3 0.92
LS4 0.80
LS5 0.88
SS 0.90 0.93 0.96 3.9 5
SS1 0.93
SS2 0.95
SS3 0.94
SS4 0.95
SS5 0.97
ST 0.89 0.92 0.94 4.0 5
ST1 0.88
ST2 0.94
ST3 0.97
ST4 0.95
STS 0.97

The structural model has been assessed by measuring col-

linearity, path coefficients with significance, and R? values.
We have also computed Q? value for the predictive relevance
(Roldan and Sanchz-Franco 2012). With consideration of
separation distance 5, we have ascertained the cross-validated
redundancy by computing Stone-Geisser Q? value for the
concerned constructs (Stone 1974; Geisser 1975). The value
was within the allowable range. It confirms the predictive
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relevance of the model. Besides, to test if the model is in
order or not, we have also estimated the values of SRMR
(Standard Root Mean Square Error Residual) considering it
as standard index (Henseler et al. 2014) for PLS and PLSc.
The SRMR values emerged as 0.062 for PLS and 0.033 for
PLSc. Both these values are found to be less than the recom-
mended highest value of 0.08 (Hu and Bentler 1998). Hence,
the model is in order. The results are shown in Table 4.
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Table 3 Discriminant validity

Constructs TC 1C RC CP LS SS ST AVE

test (Fornell and Larcker

criteria) TC 0.85 0.73
IC 0.17 0.89 0.80
RC 0.19%%* 0.19 0.91 0.83
CP 0.29 0.22 0.27 0.92 0.84
LS 0.32 0.30 0.26* 0.17 0.89 0.79
SS 0.25* 0.28** 0.34 0.26%* 0.28 0.95 0.90
ST 0.18 0.22 0.30 0.29 0.31%%* 0.27* 0.91 0.89

p<0.001(**%), p<0.01(**), p<0.05(*)

5.6 Results

In this study, we have formulated seven hypotheses. Out of
these seven hypotheses, one hypothesis (H7) is concerned with
the impact of the moderator GR on H6. By PLS-SEM tech-
nique, it appears that all the hypotheses are supported. The
results show that impacts of TC, IC, RC, CP, LS on SS (HI,
H2, H3, H4, and HS5) are all significant since the concerned
path coefficients are 0.41, 0.47, 0.21, 0.19, and 0.17, respec-
tively with respective levels of significance p <0.001(**%),
p<0.001(***), p<0.01(**), p<0.01(**), and p<0.05(*). The
effects of SS on ST are significant since the concerned path
coefficient is 0.39 with level of significance p<0.001 (¥**).
The effects of the moderator GR on H6 are also significant as
the concerned path coefficient is 0.29 with level of significance
p<0.01(**). So far as R? values are concerned, it appears that
SS could be explained by TC, IC, RC, CP, and LS to the tune
of 32% and SS could interpret ST to the extent of 67% which
is the overall predictive power of the model.

6 Discussion of the results

Environmental issues have posed severe challenges for the
sustainability of supply chain management of the firms.
The world had to face the menace of abrupt outbreak of
COVID-19 pandemic. In this background, this study has

Table 4 Computation of path coefficients and p-values

Hypotheses Path coefficients p-values Remarks

H1 (TC—SS) 0.41 P<0.001(***) Supported
H2 (IC—SS) 0.47 P<0.001(***) Supported
H3 (RC—SS) 0.21 P<0.01(**) Supported
H4 (CP—SS) 0.19 P<0.01(**) Supported
HS5 (LS—SS) 0.17 P <0.05(*) Supported
H6 (SS—ST) 0.39 P<0.001(***) Supported
H7 [(SS—ST)xGR] 0.29 P<0.01(**) Supported

With all these inputs, the validated model is shown in Fig. 2

taken a holistic attempt to provide a roadmap how during
and after the turbulent environment the firms’ capabilities
and government regulation could impact the firms to sustain
their supply chain resilience. In this context, this study has
provided a model. The study has hypothesized that TC and
IC could impact positively and significantly SS of the firms
during turbulent environment (H1 and H2). These hypoth-
eses received supports from other studies (Panahifar et al.
2018; Errassafi et al. 2019). In such turbulent environment,
the firms need to emphasize to strengthen the relationship
management among the stakeholders including the suppli-
ers, customers, and so on. Also, the firms need to have an
appropriate contingency plan to address the unforeseen situ-
ation (H3 and H4). These capabilities of the firms could help
the firms to strategize for sustainability of supply chain man-
agement. These hypotheses (H3 and H4) received supports
from other studies (Kale et al. 2000; Park 2015; Pratono
2016). The study has shown that leadership support would
help the firms to develop better strategy for sustainability of
supply chain management (HS). This concept has received
support from another study (Zhang et al. 2018). This study
has hypothesized that with better strategy, it is possible to
ensure sustainability of supply chain management of the
firms during any turbulent environment (H6). This relation-
ship (H6) has shown that the ability of supply chain manage-
ment is considered as a strategic weapon of a firm (Ketchen
and Hult 2007). In this context, this hypothesis (H6) is seen
to have received support from another study (Salam et al.
2017). This study has hypothesized that government regu-
lation impedes the relationship between SS and ST. This
hypothesis (H7) has received support from another study
(Darnall et al. 2019). It is known that sustainability is com-
prised of three pillars which are economy, society, and envi-
ronment. These pillars are conceptualized as profit, people,
and planet. In the context of this study, it has been shown
that firms capabilities as well as effective plan with sup-
port of leadership could help the firm to develop appropriate
supply chain strategy for addressing supply chain manage-
ment so that during the turbulent environment, the firms can
effectively meet the present needs without compromising the
firm’s capability to address the needs for the future. Thus,
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Fig.2 Validated model (SEM)
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this study has developed a model, duly statistically validated,
that helps to ensure sustainability of supply chin during any
hostile situation.

Here we shall discuss the effects of the moderating vari-
able GR on the linkage H6 through a graphical representa-
tion. This is represented in Fig. 3.

In this Fig. 3, continuous and dotted lines represent effects
of Strong GR and Weak GR, respectively. From the graph,
it is seen that with the increase of SS, the rate of decrease
of ST is more for the effects of Strong GR compared to the
decrease of ST for the effects of Weak GR since the inclina-
tion of the continuous line is more than the inclination of
the dotted line. This means that if the firms are to maintain
strong regulatory practices during crisis, the supply chain
sustainability of the firms will be more adversely affected
compared to the situation when the firms need not adhere to
such strict regulatory practices.

6.1 Theoretical contributions

This study has shown that firms’ capabilities comprising of
technology capability, innovation capability, and relationship
management capability positively and significantly impact
the supply chain strategy of the firm during any uncertain
environment. This study has also shown that business con-
tingency of the firms comprising of developing contingency
plan with leadership support positively and significantly
impact the supply chain strategy of the firms to address any
turbulent environment. No extant literature is found to be
exhaustively vocal to investigate how firms’ capabilities and
business contingency could eventually influence firms’ sus-
tainability in supply chain management during any turbulent
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environment mediated through supply chain strategy along
with the influence of government regulation. In this context,
this attempt is construed to be a unique effort. The study
has shown that technological and innovation capability of
the firms could help the firms to develop appropriate sup-
ply chain strategy for addressing any turbulent environment.
This implies that developing digital supply chain system
with the help of information technology (IT) knowledge
and innovation capabilities, a firm could cope up with any
turbulent environment by developing its strategy for supply
chain management. This idea has contributed a new concept
to the extant literature. Studies have revealed that techno-
logical and innovation abilities of the firms have maximum
impacts on the supply chain strategy. It theorizes the idea
that digital supply chain management should be considered
as a long-time strategy to ensure a resilient supply chain

High Strong GR
= = = = Weak GR
N
\
T
ot
)
Low )
Low SS — High

Fig. 3 Effects of the moderator on H6
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management. This study has shown how by developing tech-
nological, innovation, as well as collaborative efficiency, a
firm could strategize its supply chain resilience against any
dynamic situation. While explain such issues, this study has
successfully utilized the inputs derived from DCV theory.
Besides, the study has shown that by adopting appropriate
contingency plan, the firm can smoothly sustain its supply
chain and for explaining this idea, this study has success-
fully utilized contingency theory which is also construed as
a special theoretical contribution of this study. This study
has shown that leadership support has an impact on sustain-
ability of supply chain management during any turbulent
environment. This idea has been lent from another study
(Zhu and Kindarto 2016) which has investigated how gov-
ernment IT related projects in developing countries can be
managed efficiently by the support of the leadership. The
findings of the study of Zhu and Kindarto (2016) have been
extended in our study to infer that leadership can help the
firms to take appropriate strategy for sustaining supply chain
even in any turbulent environment. This idea is also claimed
as a unique idea and it should be considered to have an effec-
tive theoretical contribution of our study.

6.2 Practical implications

This study has several practical implications. This study
highlighted that technological and innovation capabilities
of a firm would significantly and positively impact supply
chain strategy (H1 and H2). This implies that the practition-
ers should think of utilizing digital technology to develop
supply chain resilience that would help to develop smart
transactions. The firm management is needed to invest more
to develop the infrastructure of the firms with the help of
innovative technology like 10T, Al, blockchain, and so on
for facilitating the communication process instrumental to
smoothen the supply chain pipeline. This will also ensure
intimate collaboration and develop relationship among the
suppliers, manufacturers, customers, and distributers. This
study has highlighted that relationship management capa-
bilities of the firms positively and significantly impacts the
supply chain strategy of the firms that prompts supply chain
sustainability during the turbulent environment (H3 and
H6). This implies that, through information exchange, the
managers of the firms are needed to strengthen the relation-
ship with the partners and to strategize that such relationship
must not be weakened even in any conflicting situation. The
managers are required to develop an integrated database to
tighten the relationship to address any turbulent environ-
ment which would help for sustaining the supply chain
through necessary information exchange with the help of
online platforms. This study also highlighted that effective

contingency plan would help the firms to develop supply
chain strategy (H4) to address any turbulent environment. It
implies that the managers should ensure supply chain visibil-
ity which would help the managers to become updated with
latest information regarding supply chain activities. Through
this, upstream and downstream activity-related information
can be obtained by the managers in the real-time scenario.
This would help the firm managers to have a quick informa-
tion regarding any untoward accidental event. The leader-
ship support impacts the supply chain strategy (H5) which
implies that the leadership must try to ensure a conducive
atmosphere in the firm that would help the employees to be
more proactive to address any turbulent environment neces-
sary for sustenance of supply chain management. During any
turbulent environment, the government should enforce col-
laborative regulation to help the supply chain system of the
firms so that compliance of such regulation in turbulent envi-
ronment must not impede the supply chain sustainability.

6.3 Limitations and future scope of study

We have seen that this study has several theoretical and
practical implications. Still this study is not free from all
limitations. This study is cross sectional causing impediment
to verify the causality between the constructs creating endo-
geneity problems. By longitudinal studies with appropriate
econometric analysis, the future researchers may test the
causal linkages of the model in a more accurate way. While
analyzing the responses, the study has considered inputs of
the employees of firms from the four cities of India. This
does not represent the generic picture. Future researchers
may consider responses of the employees from different
parts of the world so that the results can be generalizable.
The explanative power of the proposed model is 67%. To
improve the strength of the model, the future researchers
may consider other boundary conditions to ensure if such
consideration may strengthen the model. This study has
considered only three capabilities of a firm which are tech-
nological, innovative, and relational. Future researchers may
extend this model with other supply chain related capabili-
ties of a firm to address any uncertain situation. This study
should have considered a rival model (alternative model).
This should have helped to compare the rival model with the
proposed model and could have helped to substantiate the
veracity and effectiveness of the proposed model. But this
has not been done in the present study. Future researchers
may deal with this issue to enhance the quality of this study.
Despite of all such limitations, this study is construed to
help the managers and practitioners to realize how a firm
can sustain its supply chain reliance even in any turbulent
environment.
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Appendix 1 Summary of Questionnaire

Items Source Statements Response
[SDI[D][N][A][SA]

TC1 Teece et al. 1997; Li et al. 1 believe that our firm has made adequate investment on improving its technology competency  [1][2][3][4][5]
2009; Sungbae to deal with any turbulent situation

TC2 and Taesoo 2016; Panahifar | believe that firm’s technology capability helps in developing supply chain strategy [11[2][3]1[4][5]

TC3 etal. 2018; Errassafi I believe that technology plays an important role for supply chain management system in the [11[2][3][4]1[5]
et al. 2019; Mofokeng firm

TC4 and Chinomona 2019 I believe that applications of modern technology can sustain firms’ supply chain operations [112][31[4][5]

during turbulent situation

IC1 Smart et al. 2017; I believe that innovative capability of firms helps in developing appropriate supply chain [11[2][3][4]1[5]
Aigbogun et al. 2018; strategy

1C2 Desjardine et al. 2019; I think that Innovation is an important capability for any firm [11[21[3]1[41[51

1C3 van Hoek 2019; Sarkis I believe that during turbulent environment, firms’ innovative capability helps in sustaining [1112][3]141[5]

2020; Kumar et al.

firms’ supply chain operations
2020; Chatterjee et al.

1C4 2020a I believe our firm has better innovative capability in supply chain management process to deal [11[2][3][4][5]
with any turbulent situation
IC5 I believe that firms should invest adequately to improve their innovation capability [1112][3]14][5]
RC1 Kale et al. 2000; Paulraj I believe that relationship management capability should be an integral part of firms’ supply [1I2][3]1[4]1[5]
et al. 2008; Wittmann chain strategy
RC2 et al. 2009; Zacharia I believe that the firms which have better relationship management capability will do better [11[21[3]1[41[5]
etal. 2011; Wu et al. during any turbulent situation
RC3 2014; Park 2015 I believe all the firms should invest on improving their relationship management capability [11[2][3]14][5]
RC4 I believe that technology plays an important role towards improving relationship management [1I2]1[3]1[4]1[5]
capability
RC5 I believe that our firm has a better relationship management capability [11[21[3]1[41[5]
CP1 Fiedler 1999; Fredericks I believe that all the firms should possess appropriate contingency plan [1112]1[3]1[41[5]
CP2 2005; Pratono 2016; I believe that contingency plan should be an integral part of supply chain strategy [11[2][3]1[41[5]
CP3 Pratono 2016; Salam I believe that during any turbulent environment, contingency plan helps in sustenance of firms’ [11[2][3][4][5]
etal. 2017 supply chain management process
CP4 I believe that firms should invest their resources to formulate robust contingency plan [11021[3]1[41[5]
CP5 I believe that our firm has a robust contingency plan [11021[3]1[41[5]
LS1 Venkatraman 1989; Our leadership team provides adequate support whenever needed [112][3]1[4]1[5]
LS2 Fiedler 1993; Donate I believe that leadership support is essential to formulate a robust supply chain strategy [11[2][3][4][5]
LS3 and Guadamillas 2011; I believe that leadership support is essential to address any turbulent environment [11[2][3][4][5]
LS4 ;E]:;; (::tt 2:1'. 22?)1178;; Le I believe leadership team plays a vital role in decision making during any turbulent situation [11[2113]1[41[5]
LS5 and Lei 2018 I believe that we have an experienced leadership team to deal with any turbulent environment [11021[3]1[41[5]
SS1 Bowersox et al. 2002; I believe that supply chain strategy should be an integral part of corporate strategy of the firm [1112][3][41[5]
SS2 Ketchen and Hult 2007; I believe a robust supply chain strategy makes a difference to the firm when it experiences any [11[2][3][4][5]
Schlittgen et al. 2016; crisis
SS3 Darnall etal. 2019 I believe expert team should develop supply chain strategy [1IR2113141151
SS4 I believe technology plays essential role while developing the firm’s supply chain strategy [11[21[3]1[41[5]
SS5 I believe that our firm has a robust supply chain strategy [1112][3]1[41[5]
STI Chopra and Meindl 2013; It is essential to have supply chain sustenance during any turbulent situation [11[2][3]1[41[5]
ST2 Gupta and Piero 2013; I believe that our firm can operate efficiently during any turbulent situation [11[2][3][4][5]
ST3 Montabon et al. 2016; I believe that organizations which have better trained human resources will be able to handle [11[2][3][4][5]

Ringle and Sarstedt 2016;

Smart et al. 2017
ST4 marteta I believe that our organization has made adequate investment to remain sustainable during any [11[21[3][41[5]

turbulent situation

supply chain management system more efficiently

STS I believe that flexible government regulation plays vital role for achieving better sustainability [11[2][3]1[4]1[5]
during any crisis

SD Strongly Disagree, D Disagree N Neither agree nor disagree, A Agree, SA Strongly Agree
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