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Abstract
Supply chain disruption caused by environmental uncertainty makes it more difficult for firms to obtain sustainable competi-
tive advantages (SCA). Based on the perspective of dynamic capability, this study explored the effect of three dimensions 
of supply chain resilience (SCR) (proactive capabilities, reactive capabilities and supply chain design quality) on SCA. In 
addition, we further adopted operational vulnerability (OV) as a mediated variable to construct a conceptual framework 
and propose research hypotheses. The theoretical hypotheses were empirically developed based on a survey of 305 firms in 
China’s manufacturing industry and subsequently tested. Our findings indicate that taking proactive action, properly con-
figuring supply chain systems, and developing rapid reaction capabilities to recover from disruptions provide companies an 
opportunity to improve and to obtain SCA. Finally, the paper offers managers a management framework and dynamic strategy 
with which to develop SCR and alleviate the negative impact of OV, thus contributing to a firm’s SCA.
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Introduction

Increasing globalization has promoted the worldwide spread 
of the supply chain business. On the one hand, enterprises 
can gain competitive advantages through the optimal alloca-
tion and utilization of resources. On the other, the links of 
the supply chain network continue to increase and become 
more complex. The environment in which firms operate 
has become more vulnerable, and slight disturbances in the 
external environment will disrupt the supply chain (Srini-
vasan et al. 2011). According to the International Mone-
tary Fund (IMF), the COVID-19 outbreak exerted a severe 
impact on Chinese enterprises and their supply chains over 
a short period. China’s GDP growth in 2020 will be 1.2%, a 
decrease of 4.9% from the previous year, resulting in a loss 
of approximately $4.8 trillion. This Black Swan Event has 
caused many problems, such as labour shortages, increas-
ing costs, cash-flow problems and increased supply chain 

uncertainty, which have irreversibly affected the global 
supply chain (Verma and Gustafsson 2020). As reported in 
the UK by the Financial Times, American and European 
automakers found themselves facing the threat of supply 
chain disruption within mere weeks due to a shortage of 
Chinese parts, and global industries and companies were 
threatened by the necessity of making adjustments. The 
environmental uncertainty posed by COVID-19 represents 
a crucial challenge to the survival and sustainable develop-
ment of enterprises. Hence, it is critical to understand how 
to reduce the negative impact of supply chain disruption on 
business performance and, at the same time, to gain sustain-
able competitive advantage (SCA).

Previous studies present a variety of discussions on SCA 
acquisition. From the perspective of competitive strategy, 
Porter (1985) argued that enterprises can establish strong 
competitive advantages through innovation. If enterprises 
are not prepared to relinquish existing advantages and strive 
for new ones, they will be replaced by competitors. Subse-
quently, a resource-based view emerged that distinguished 
temporary competitive advantage from SCA, arguing that 
enterprises with strong market positions can only obtain a 
temporary competitive advantage, while enterprises require 
various resource elements to obtain SCA (Barney 1991; 
Teece et al. 1997). Because these element combinations 
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are difficult to parameterize and occur within a process of 
obtaining and enhancing competitive advantages, traditional 
core competence theory and resource theory exaggerate the 
intrinsic characteristics of enterprises without focusing on 
which resources and capabilities enterprises need. As envi-
ronmental uncertainty continues to increase, the competi-
tive advantage of any enterprise will not last forever. Only 
by paying attention to and proactively predicting changes 
in the environment while developing and creating unique 
capabilities can an enterprise maintain its vitality. Therefore, 
enterprises require dynamic capabilities, with which they 
can effectively use the resources and core capacities they 
possess, update their abilities according to changes in the 
internal and external environments and take advantage of 
potential market opportunities, which represent the source 
of SCA (Teece and Pisano 1994; Winter 2003).

Supply chain resilience (SCR) has become an indispen-
sable dynamic capability for the development of enterprises 
in unexpected situations in which environmental uncertainty 
continues to increase and disruptive events may suddenly 
negatively affect enterprises (Hohenstein et al. 2015; Ali 
et al. 2017). Through the establishment of SCR, enterprises 
can manage the threat of supply chain disruption and recover 
their original operating level (or reach a better state) at a 
certain speed within a certain period of time, thus improving 
the relationship between supply chain partners and obtain-
ing SCA (Wieland and Wallenburg 2013; Roberta Pereira 
et al. 2014; Hohenstein et al. 2015). The research on SCR 
focuses on the definition, SCR promotion strategy and the 
impact of SCR on supply chain performance. SCR is under-
stood to possess two dimensions: the capability dimension 
and the vulnerability dimension (Macdonald et al. 2018). 
Regarding the capability dimension, often-cited factors are 
prediction, adaptation, response, recovery and the ability to 
learn (Closs and McGarrell 2004; Wieland and Wallenburg 
2013; Roberta Pereira et al. 2014; Kamalahmadi and Mel-
lat-Parast 2015; Brusset and Teller 2017). Different scholars 
place different emphases on one or the other dimension of 
SCR, and there is no unified view regarding the separation 
between dimensions. Previous research has focused on how 
to improve SCR and explored factors relevant to this goal, 
such as supply chain flexibility (Cheng and Lu 2017), agility 
(Dubey et al. 2018), visibility (Wang et al. 2017) coordina-
tion (Dabhilkar et al. 2016), good interenterprise relations 
(Wieland and Wallenburg 2013), resilience in supply chain 
structure design (Birkie et al. 2017) and cultivating a supply 
chain risk management culture (Macdonald et al. 2018); the 
function and value of SCR have been relatively ignored. The 
impact of SCR is mainly considered from the perspective of 
performance (Brandon-Jones et al. 2014). Here, there are two 
main types of study. The first type only considers the impact 
of SCR on enterprise financial performance (Pettit et al. 
2010; Li et al. 2017). The second typically uses customer 

satisfaction, customer loyalty, corporate image or other indi-
cators to measure operational performance, an approach that 
exhibits certain limitations (Karl et al. 2018). SCR can effec-
tively improve supply chain performance and resistance to 
supply chain disruption. However, in addition to survival, 
enterprises desire to maintain continuous performance levels 
and gain competitive advantage under supply chain disrup-
tion. Yet, there are few studies on the impact of SCR on SCA. 
Therefore, from the perspective of dynamic capability, this 
paper constructs a theoretical framework with which to study 
how SCR affects the SCA of enterprises. This endeavour has 
strong theoretical and practical significance.

The structure of the paper is as follows: “Conceptual 
framework and research hypothesis” presents the theoretical 
background and defines the conceptual approach by review-
ing the literature and developing appropriate hypotheses. 
“Methodology” describes the paper’s methodology, describ-
ing the main strategies that were adopted and the approach 
to data collection. “Results” analyses the obtained results 
through hypothesis testing. “Conclusions and implications” 
discusses the conclusions, states the limitations of the paper 
and suggests future lines of research.

Conceptual framework and research 
hypothesis

Supply chain resilience based on dynamic capability 
theory

In the supply chain field, SCR generally refers to enterprises’ 
capability to be alert, respond quickly and adapt to changes 
caused by supply chain disruptions. However, scholars often 
refer to “the systematic capability of the supply chain to 
recover in time or reach a new and more ideal state when a 
disturbance occurs” (Christopher and Peck 2004) in defining 
resilience. Resilience is described as an adaptive phenom-
enon and viewed as an emerging phenomenon. At present, 
defining SCR has attracted increasing attention from schol-
ars. Most such studies are performed from the perspective 
of capability, mainly including the topics of flexible capabil-
ity (Kamalahmadi and Mellat-Parast 2015), responsiveness 
(Roberta Pereira et al. 2014; Chowdhury and Quaddus 2016) 
and recovery (Closs and McGarrell 2004; Wieland and Wal-
lenburg 2013; Chowdhury and Quaddus 2016). Closs and 
McGarrell (2004) were the first to propose a definition of 
SCR, arguing that supply chains can withstand and recover 
from destructive events. Pettit et al. (2010) defined resil-
ience as a balanced state consisting of vulnerability and 
capability. Chowdhury and Quaddus (2016) defined SCR 
as the supply chain’s capability to prevent supply chain dis-
ruption by improving the level of flexibility and to respond 
quickly to and recover from disruption. Many scholars have 
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discussed the definition of SCR from different perspectives. 
However, a unified understanding remains lacking. There-
fore, views based on dynamic capability theory (Teece et al. 
1997) have emerged. Dynamic capability theory (Teece et al. 
1997) evolved from the resource-based view (RBV), which 
concerns responding to a rapidly developing and chang-
ing market environment. The characteristics of dynamic 
capability theory make the study of SCR more applicable. 
First, using SCR can help enterprises establish knowledge 
creation practices in a dynamic environment, which is the 
basic dimension of dynamic capabilities. Second, the use of 
SCR also reflects the characteristics of dynamic capabilities: 
the commonality and specificity of key features. The com-
monality of key characteristics refers to the fact that there 
are already many identifiable common “best practices” that 
help enterprises implement SCR for various purposes. The 
complexity involved means that SCR cannot be applied in 
the same way across different enterprises. Considering the 
complexity of different supply chain management processes, 
SCR must be embedded and integrated into specific supply 
chain processes when applied. The resilience of the supply 
chain varies according to different degrees of risk. Each sup-
ply chain has its own limits in its matching ability to prepare 
for emergencies as well as the potential to quickly interrupt 
its response and can be restored to its original state. In addi-
tion, it can lead to a new, more ideal state of customer ser-
vice while helping increase market share and improve finan-
cial performance (Hohenstein et al. 2015). Different scholars 
place different emphases on how to define the dimensions 
of SCR, which can be summarized as a focus on the internal 
and external supply chains, the supply chain structure and 
the supply chain function. However, there is no unified view 
of the matter. Table 1 summarizes the opinions of various 

scholars and presents representative viewpoints regarding 
the dimensions of SCR.

Based on the definition of Chowdhury and Quaddus 
(2017) and on the framework of dynamic capability (percep-
tion-grab-reconstruction) (Teece 2007), this paper focuses 
on three SCR dimensions: proactive capabilities, reactive 
capabilities and supply chain design quality.

1.	 Proactive capabilities
	   The proactive capabilities of the system refer to 

its capabilities to respond to changes in risks before 
identifying, predicting, and preventing adverse conse-
quences. Proactive strategies can help companies avoid 
or reduce the possibility of disruptions. Research in the 
SCR field emphasizes different proactive capabilities, 
such as redundancy capability, robustness, collaboration, 
integration, and visibility (Pettit et al. 2013; Pal et al. 
2014). Jüttner and Maklan (2011) focused on proactive 
capabilities such as flexibility, visibility and collabora-
tion. Chowdhury and Quaddus (2017) explored proac-
tive capabilities from seven perspectives: supply chain 
preparation, flexibility, storage capacity, integration, effi-
ciency, market advantage and financial strength. Based 
on the dynamic capability research framework devel-
oped by Teece (2007), Christopher and Peck (2004) 
noted that “Visibility” is unified with “Perception” in 
the supply chain; based on the former, one can moni-
tor the up- and downstream stock, supply conditions, 
and production and procurement information. Visibility 
has always been emphasized as essential to risk and dis-
ruption management (Kauppi et al. 2016). Lee and Rha 
(2016) regarded “Visibility” as the perception stage in 
the process of dynamic capability. Following them, this 

Table 1   SCR dimensions

Data source: combined according to the relevant literature

Authors Dimensions Year

Azadeh et al. Flexibility, redundancy, speed, visibility Azadeh et al. 2013
Cai and Xiao Time, space Cai and Xiao 2014
Tukamuhabwa et al. Flexibility and redundancy Tukamuhabwa et al. 2015
Chowdhury and Quaddus Density (in the geographic space node in the supply chain), complex-

ity (the total number of nodes and material flow in a given supply 
chain), node importance, inventories, suppliers, production time, 
on-time delivery to supply a lack of capacity, the elastic mate-
rial shortage index, capacity surplus inventory and replenishment 
frequency, integration, access to information, delivery time, vis-
ibility, agility, collaboration, information sharing, risk management 
culture etc.

Chowdhury and Quaddus 2016

Dabhilkar et al. Time (active and passive), space (external and internal) Dabhilkar et al. 2016
Chowdhury and Quaddus Proactive, reactive, supply chain design quality Chowdhury and Quaddus 2017
Liu et al. Risk management culture, agility, integration, supply chain (re)

engineering
Liu et al. 2018

Pires Ribeiro and Barbosa-Povoa Focus events, adaptive response, speed, performance level Pires Ribeiro and Barbosa-Povoa 2018
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paper regards proactive capabilities as the perception 
stage of dynamic capability. Such capabilities are help-
ful in enhancing the dynamic capability of the supply 
chain and improving operational capability (Ponomarov 
and Holcomb 2009).

2.	 Reactive capabilities
	   Prior studies have considered SCR as a combina-

tion of proactive and reactive capabilities. Supply chain 
response focuses on mitigating disruptions in the short-
est periods and with minimal losses. When disruption 
occurs, the capability to respond to market demands in a 
timely manner is one determinant of SCR (Wieland and 
Wallenburg 2013; Teece et al. 1997). Specifically, this 
capability also represents a unique source of competi-
tive advantage in responding to environmental uncer-
tainty quickly (Teece 2007). After “the sensing stage” of 
dynamic capability, one enters the process of “seizing”, 
which includes the capability to make timely decisions 
to develop new opportunities (Kamalahmadi and Mellat-
Parast 2015; Christopher and Peck 2004). Swafford et al. 
(2006) observed that “agility” is consistent with “seiz-
ing” in the process of dynamic capability. Agility is the 
capability of the supply chain to respond to the dynamic 
market in a timely, accurate manner, which is conveni-
ent for gaining competitive advantages. As previously 
mentioned, this study identifies the “seizing” process of 
dynamic capability as reactive capabilities, i.e., abilities 
to quickly respond to market demands and achieve effec-
tive integration with supply chain partners.

3.	 Supply chain design quality
	   Reconfiguration involves managing and reforming an 

enterprise using innovative development consciousness 
and existing enterprise capabilities. Ponis and Koronis 
(2012) described SCR as the ability of the supply chain 
to proactively plan and design its network to prevent 
and respond to disruptions effectively. A supply chain 
can adapt to environmental uncertainty by relying on 
the reconfiguration capability and achieving a better 
stable state, thereby improving the enterprise’s perfor-
mance and competitive advantage. Barroso et al. (2011) 
emphasized the role of recovery speed and proposed that 
redesigning the supply chain can reduce the impact of 
disruptions and improve SCR adaptability. Eckstein 
et al. (2014) noted that the supply chain setting and 
redesigning enable companies to perceive changes and 
long-term effects of the supply chain and environment 
(e.g. economic progress, political and social changes, 
demographic changes and radical technological pro-
gress). Certain actions (e.g. developing new supply 
bases, relocating production facilities, outsourcing) can 
help improve the rapid response to external impacts 
and to improve adaptability. Chowdhury and Quaddus 
(2017) further studied the quality of supply chain design 

in terms of node density, complexity and node critical-
ity. Against this background, this paper defines the final 
process, i.e. the “reconfiguration” of dynamic capabil-
ity, as supply chain design quality. A high-quality sup-
ply chain design can maintain high performance while 
reorganizing the assets, strategies and operations of the 
supply chain and adapting to changes (Jüttner and Mak-
lan 2011).

Operational vulnerability

In 1974, the concept of “vulnerability” was first proposed by 
American scholar GF White. In his book Natural Hazards, 
White refers to a measure of dependence on international 
political and economic relations. Since then, vulnerabil-
ity has been widely studied in the natural sciences. In the 
field of management, “vulnerability” refers to a weakness 
in enterprise assets that may be affected by external factors 
and thus cause losses. For example, after the 1989 San Fran-
cisco Bay earthquake, it was estimated that 50% of small 
businesses were directly affected and paralysed for a long 
period. The resulting unemployment severely affected the 
region’s economy.

The operational vulnerability (OV) of the supply chain 
is a relatively new research field. The research is not yet 
mature, and there is no unified conceptual framework. Nev-
ertheless, scholars have defined OV based on their research 
directions. OV is caused by enterprises’ overdependence on 
business time and organizational unit relations in the supply 
chain in their operational activities. The degree of vulner-
ability can be interpreted as the degree of such dependence, 
and vulnerability is directly proportional to the negative con-
sequences of such dependence. Christopher and Peck (2004) 
provided a specific definition of OV, arguing that OV is a 
characteristic of a supply chain that is vulnerable to external 
interference and will exert adverse effects on enterprises. 
However, the premise of high vulnerability in the operation 
process of a supply chain is that the supply chain itself has 
complexity and uncertainty, which affect the probability and 
degree of occurrence of a disruption and give OV an obvi-
ous promoting effect on the disruption of the supply chain. 
OV is not only the result of environmental turbulence but to 
a large extent can be explained by the design of the supply 
chain. Wagner and Neshat (2010) concluded that the source 
and cause of OV could be studied in depth in terms of both 
internal and external enterprises.

From the perspective of external enterprises, a single 
enterprise supply source and overdependence on suppli-
ers and customers directly affect organizational activities. 
Especially when the competitors of cooperative organiza-
tions undertake vertical integration, enterprises will face 
the risk of supply chain disruptions. In addition to a firm’s 
relationship with partner organizations, raw material and 
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product issues, such as substandard quality and late deliv-
ery, also lead to high levels of vulnerability (Silvis et al. 
2017). Product quality is not the only problem. Product 
characteristics, especially the product life cycle, exert pres-
sure on the production of the supply chain, leading to a high 
degree of vulnerability (Tubis et al. 2017). External factors 
also include major changes in the ecological, economic and 
political environment. Catastrophic events, such as earth-
quakes and tsunamis, can lead to high levels of vulnerabil-
ity and supply chain disruptions. Policy promulgation and 
social recognition of products are also factors that cannot 
be ignored. From the internal perspective of enterprises, 
the policies formulated by enterprises for the supply chain 
and the actual operation of the supply chain have an impact 
on the vulnerability of the supply chain (Christopher et al. 
2006), which is fundamentally due to the globalization trend 
of product value-added activities and the differentiation of 
the supply chain. In the supply chain, infrastructure, as the 
basis of operation, has become an essential factor affecting 
OV. Imperfect infrastructure cannot support advanced tech-
nology and other operational activities, leading to a high 
degree of vulnerability (Kurniawan et al. 2017). The litera-
ture also reveals multiple factors that influence OV, such as 
utility crises, poor quality, supply issues due to the loss of 
key suppliers or problems in supplier plants, logistics models 
and route disruptions, as well as IT system failures (Blos 
et al. 2009). If these vulnerability factors are not addressed 
in time, the operation of the entire supply chain system 
can be seriously affected (Ponomarov and Holcomb 2009). 
The combination of risk and source of OV will lead to an 
increase in OV. Juttner and Maklan (2011) explored the OV 
represented by a supply chain system and found that it was 
a potential state that would become apparent only when a 
disruption event occurred.

OV can capture the risks that supply chains may face. 
Thus, researchers often examine it along with supply chain 
risks. Christopher and Peck (2004) believed that OV was a 
risk possibility and resulted in sensitivity of the supply chain 
in the face of disruptions. The more obvious that the OV of 
the supply chain is, the greater the severity of the loss caused 
by the disruption event. OV can be effectively measured by 
the exposure of supply chain systems to environmental, sup-
ply network and organizational risks. According to that dis-
cussion, OV in this paper can be defined as follows: in the 
operation of a supply chain, enterprises have the possibility 
of being damaged by potential internal and external risks 
and disruption events.

Sustainable competitive advantage

SCA refers to a firm investing in and adopting strategies 
to gain long-term operating benefits, while its existing or 
potential competitors are not adopting such strategies or 

would not obtain the same benefits if they were adopted. 
A firm’s competitive advantage consists of two parts: the 
source of competitive advantage (i.e. market position or 
resources) and the result of competitive advantage (i.e. per-
formance in terms of profitability). Recently, based on the 
idea of dynamic capability, research has focused on how 
firms face dynamic and rapidly changing environments. 
Adopting a case study method, Datta (2017) explored how to 
combine supply chain strategies with relevant supply chain 
practices to improve business performance in a changing 
environment. As previously mentioned, the present paper is 
based on dynamic capability and defines SCA in terms of 
firms that adapt their capabilities and resources to dynamic 
and complex environmental changes and implement key 
strategies to exceed their competitors in terms of long-term, 
sustained benefits. Several studies have used market per-
formance as a nonfinancial indicator to explore variables 
that affect competitive advantages, such as sales growth and 
customer sustainability, net profit and the capitalization rate 
(Cao et al. 2018). Therefore, to avoid the deficiency of sim-
ple financial performance measurement, this paper measures 
a firm’s SCA in the two dimensions of sustainable market 
performance (SMP) and sustainable financial performance 
(SFP) (Cao et al. 2018).

Research hypothesis

Dynamically reconfiguring resources and refactoring capa-
bility of enterprises according to environmental uncertain-
ties could contribute to competitive advantages. According 
to the theory of dynamic capabilities, Teece (2007) devel-
oped a dynamic capability to establish a comprehensive 
and integrated framework, including perceived opportuni-
ties and threats and seizing the opportunity to reconfig-
ure the tangible and intangible assets of the enterprise. 
The construction of dynamic capability provides favour-
able conditions for enterprises to obtain sustainable com-
petitiveness, that is, to match the operation status of the 
contemporary market and create a continuous direction 
of development capability. Enterprise organizations lack, 
but require, such dynamic capabilities to accurately and 
promptly respond to losses and disasters caused by risk 
and disruption events, thus enabling enterprises to improve 
SCA. Dynamic capability is a source from which enter-
prises can obtain SCA in a dynamic changing environment. 
SCR, a dynamic capability, can respond to dynamic envi-
ronmental changes from the three perspectives of percep-
tion, grasp and reconfiguration, thus improving enterprise 
performance and promoting the acquisition of competi-
tive advantages. At present, research is scarce regarding 
how SCR affects SCA and how to improve SCA from the 
perspective of dynamic capability. Therefore, based on 
dynamic capability, this paper explores the relationships 
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between the three dimensions of SCR (proactive capabili-
ties, reactive capabilities and supply chain design quality) 
and firm SCA. Adopting SCR as the independent variable 
and SCA as the dependent variable, Fig. 1 depicts the con-
ceptual framework.

Supply chain resilience and sustainable competitive 
advantage

A supply chain requires proactive capabilities against dis-
ruptions. The resilience of a system is the capability to 
identify, predict and defend against risks prior to a negative 
impact. A critical factor in building SCR is the capability to 
respond to competition in a timely manner in a crisis (Spie-
gler et al. 2015). Exploring the resilience of successful com-
panies during the global financial crisis, Jüttner and Mak-
lan (2011) observed that firms with resilience can respond 
to environmental change more quickly than firms without 
resilience. The real interests behind resilience, which is a 
comprehensive system at the strategic level. Resilience is not 
only a defensive response to disruptions but also a proactive 
means to transform a disruption into SCA. Most studies have 
defined proactive capabilities as preventive and as reflecting 
“The 3Rs of building resilience”: readiness, response and 
recovery (Manning and Soon 2016).

Reactive capabilities focus on the response to disrup-
tions when a firm in unprepared. In a system, a firm can 
adopt resilience practices as operational or strategic capa-
bilities (Brusset and Teller 2017). Studies have suggested 
that the reactive capabilities of resilience can be based on 
the response to and recovery from disruptions. The relevant 
practices of reactive capabilities are manifested in opera-
tional practices, while proactive capabilities are manifested 
in strategic practices; thus, firms can adjust their operational 

activities to gain a competitive advantage (Brusset and Teller 
2017; Sheffi and Rice 2005; Ponomarov and Holcomb 2009).

In addition to proactive and reactive capabilities, certain 
research findings also emphasize that supply chain design 
quality is an important part of the SCR building process. 
One definition of SCR is the capability of the supply chain 
to proactively plan and design its network to predict and 
respond to disruptions. The critical factor of success in sup-
ply chain management is to choose the appropriate strategy 
and build capability in designing the supply chain. In supply 
chain design, there are not only proactive behaviours but also 
reactive ones. However, when the supply chain responds to 
environmental changes, firms must be reactive in design-
ing their supply chains using practical experience of sup-
ply chain disruptions. As previously mentioned, hypotheses 
regarding the relationship between SCR and SCA are pro-
posed in Table 2.

Supply chain resilience and operational vulnerability

Resilience is closely related to OV because resilience is 
the inherent ability of a system to adjust its functionality 
before, during or after change and disruption so as to main-
tain required operations in both expected and unexpected 
circumstances. A supply chain forms an organizational 
network by connecting up- and downstream elements and 
participating in different processes and activities related to 
products and services (Christopher 1998). In an uncertain 
risk environment, the operation of the supply chain may be 
threatened and become increasingly fragile. Resilience is an 
obvious solution to this problem, and resilience is consist-
ent with the view that the “supply chain is regarded as an 
interactive network”. As a result of increasing globalization, 
supply chain development faces many uncertain internal and 

Fig. 1   Conceptual framework
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external factors. For example, the economic impact of the 
fuel protests in the UK in 2000 and the outbreak of hand-
foot-and-mouth disease early the following year attracted 
the attention of relevant national policy-makers, and the 
OV faced by the commercial supply chain was frequently 
mentioned. As noted regarding the source of OV, there is 
not only one cause of high vulnerability. As globalization 
increases, supply chains face many types of unknown risk. 
Such emergencies increase the vulnerability of a supply 
chain to varying degrees. In addition, certain studies argue 
that OV is closely related to supply chain risk in today’s 
market. Therefore, OV mitigation has become a concern of 
many enterprises. The challenge facing enterprises today 
is to coordinate the relationship between OV and risk and 
reduce the probability of risk occurrence by constructing a 
supply chain that can prevent and cope with a series of risks.

Christopher and Lee (2001) described the complexity of 
the supply chain network and proposed “visibility, speed 
and control” as the critical elements of risk management 
to reduce OV. OV mitigation requires determining specific 
strategies based on risks with high impact and proposing rel-
evant mitigation strategies from the perspectives of demand, 
supply and various risks. Effective risk management by 
enterprises can enhance SCR to mitigate the effects of OV. 
Sheffi and Rice (2005) assessed the nature of a supply chain 
and argued that an effective strategy is to improve its resil-
ience and flexibility. Increasing the flexibility of the supply 
chain can facilitate flexible reactions according to different 
situations and avoid supply chain disruption so that when a 
supply chain is subjected to impact, high SCR can maintain 
the supply chain’s basic functioning and enable normal sup-
ply chain operation. Thekdi and Santos (2015) note that OV 

analysis helps prioritize resources for business projects that 
improve resilience, thereby minimizing possible future eco-
nomic losses. Previous studies have confirmed the negative 
impact relationship between SCR and OV (Juttner and Mak-
lan 2011; Ponomarov and Holcomb 2009; Chowdhury and 
Quaddus 2017). If SCR reduces the negative consequences 
of supply chain risk events by ensuring a quick return to 
the original state or improving operations, this means that 
SCR can reduce supply chain OV. Based on the preceding 
arguments, this paper proposes corresponding assumptions 
regarding OV from three perspectives of the supply chain 
dimension (Table 2).

Operational vulnerability and sustainable competitive 
advantage

Accidents, such as disruption events, are common problems 
in supply chain management and a manifestation of OV. To 
compete effectively in the market, firms constantly pursue 
the maximization of efficiency and speed. Such behaviours 
may increase the possibility of supply chain disruptions. 
When competition is severe and the environment is fragile, 
not only is supply chain development affected. An impact 
on the competitive advantage of enterprises is also inevita-
ble. Currently, “how to mitigate the impact of supply chain 
OV on enterprises” has become a concern of scholars and 
managers. Therefore, enterprises must critically assess the 
consequences of OV if they are to gain SCA in a world of 
frequent disruptions.

The complexity of the supply chain itself makes the sup-
ply chain more vulnerable, which will undoubtedly affect 
the normal operation of enterprises. Therefore, enterprises 

Table 2   Hypothesis test results 
summary

Hypothesis Hypothesis contents Test results

H1a Proactive capabilities positively affect SFP. supported
H1b Proactive capabilities positively affect SMP. supported
H2a Reactive capabilities positively affect SFP. supported
H2b Reactive capabilities positively affect SMP. supported
H3a Supply chain design quality positively affects SFP. supported
H3b Supply chain design quality positively affects SMP. supported
H4a Proactive capabilities negatively affect OV. supported
H4b Reactive capabilities negatively affect OV. supported
H4c Supply chain design quality negatively affects OV. supported
H5a OV negatively affects SFP. supported
H5b OV negatively affects SMP. supported
H6a OV exerts a mediating effect between proactive capabilities and SFP. supported
H6b OV exerts a mediating effect between reactive capabilities and SFP. supported
H6c OV exerts a mediating effect between supply chain design quality and SFP. supported
H7a OV exerts a mediating effect between proactive capabilities and SMP. supported
H7b OV exerts a mediating effect between reactive capabilities and SMP. supported
H7c OV exerts a mediating effect between supply chain design quality and SMP. supported
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with high OV may incur a higher risk of disruption due to 
the existence of vulnerability. When the OV level is high, 
it is difficult for enterprises to cope with the adverse effects 
brought by emergencies. They can no longer guarantee the 
normal operation of the enterprise supply chain, thus lead-
ing to a decline in supply chain performance. Kurniawan 
et al. (2017) found that supply chain efficiency could be 
improved by reducing the impact of OV. When discussing 
the contradiction between supply and demand on the cur-
rent public health issue of COVID-19, Chen (2020) noted 
that to reduce the risk of the supply chain, the weakest link 
of supply risk must be identified first, and corresponding 
measures should be adopted to strengthen the control of this 
link. For example, security redundancy should be increased 
and good cooperation with suppliers should be maintained. 
To achieve the operational goals of enterprise managers and 
improve SCA, the key is to mitigate the impact of OV. Based 
on these views, this paper proposes the following hypotheses 
regarding the relationship between OV and SCA (Table 2).

Mediating effect on operational vulnerability

OV will bring significant inherent and external risks to the 
operation of the supply chain system and cause dependence 
on time and relationships in the supply chain system. How-
ever, a supply chain with resilience can mitigate the negative 
impact of these risks. For example, Ericsson lost nearly $400 
million in assets when its supplier’s semiconductor factory 
caught fire. The increase and decrease in oil prices in 2000 
affected much of the supply-side network of British firms. 
An enterprise’s administration is responsible for managing, 
maintaining and operating the infrastructure of the enter-
prise, winning a profit for the enterprise and funding the 
development of the society. When an organization is faced 
with an unexpected event (such as a major disaster), the con-
tinuous operation capability of the organization will have an 
important impact on how long basic organization services 
cannot be provided and the recovery time of the entire sys-
tem. Supply chain disruption events can even involve the 
worsening of enterprise performance.

In the process of improving and increasing supply chain 
performance, enterprises are affected by globalization and 
technological innovation, resulting in uncertainty and com-
plexity in the market environment and supply chain risk 
increases accordingly. Here are three examples: because 
of an error in market demand forecasting, excess inventory 
increases the storage cost; a change in the international situa-
tion will cause turmoil in the raw material market, and price 
fluctuation increases the procurement cost of enterprises; 
natural or man-made disasters disrupt the flow of supply 
chain systems, resulting in system disruptions. Many stud-
ies have proven that OV caused by supply chain disruption 
events negatively affects the financial performance, market 

performance, product quality and customer satisfaction of 
enterprises. Using mitigation strategies can enable enter-
prises to effectively manage operational risks, maintain the 
normal operation of the supply chain and promptly recover 
from disruptions (Tang 2006). Mitigating OV is the key to 
improving SCR (Christopher and Peck 2004; Ponomarov 
and Holcomb 2009; Pettit et al. 2013).

According to the literature, there is a positive correlation 
between SCR and supply chain performance (Pettit et al. 
2013; Chowdhury and Quaddus 2017), and having a more 
resilient organization is a key component of transforming 
into a more resilient enterprise. Resilient supply chains 
can be created by managing factors that lead to OV. SCR is 
enhanced with the improvement of capacity and the reduc-
tion of OV (Pettit et al. 2010). By mitigating OV, the devel-
opment of resilience can be achieved by reducing economic 
losses to maintain supply chain performance (Chowdhury 
and Quaddus 2017). Therefore, enterprises should build 
resilience in the development of the supply chain to miti-
gate OV (Kurniawan et al. 2017). First, the proactive estab-
lishment of an SCR strategy can reduce the possibility of 
supply chain disruption and thus reduce OV. By mitigat-
ing OV, economic losses can be reduced to maintain supply 
chain performance. Ponomarov and Holcomb (2009) argue 
that SCR can improve the connectivity and control of sup-
ply chain structure and function, maintain the continuity 
of operation, cope with emergencies, respond to fractures 
and recover from them. Companies redesign their supply 
chains based on their experience with supply chain disrup-
tion events to ensure that OV is mitigated from the supply 
side in complex, uncertain situations.

Bode et al. (2011) argue that supply chain disruption may 
reduce an enterprise’s overall efficiency, product quality, 
adaptability to customer demand and sales and delivery reli-
ability while increasing costs and prices. If an enterprise does 
not promptly implement strategic control to manage supply 
chain risks, it may be unable to maintain its financial perfor-
mance and market performance because the negative impact of 
supply chain disruption will affect SCR and further aggravate 
the negative effect of enterprise performance. The relevant 
literature finds that OV caused by disruption affects enterprises 
in two main respects: financial and market. “Financial impact” 
refers to the monetary cost caused by the impact of the dis-
ruption; “market impact” often occurs during the period of 
operation disruption, when enterprises cannot devote as much 
energy to meet customer demand as they would in a normal 
operation environment. To achieve the goal of restoring opera-
tional status, these negative impacts and their corresponding 
costs must be minimized. A resilient supply chain can cushion 
these negative impacts. The establishment of the strategy of 
supply chain flexibility can eliminate excess inventory, reduce 
the response time of the supply chain, adjust the production 
plan, improve product quality according to the requirements of 
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users, maintain the steady growth of supply chain performance 
(Kurniawan et al. 2017) and positively affect the enterprise’s 
financial performance, market performance, product quality 
and customer satisfaction. Therefore, this paper argues that 
OV plays a mediating role in the relationship between SCR 
(initiative capability, response capability and supply chain 
design quality) and enterprise SCA. Corresponding research 
hypotheses are proposed in Table 2.

Methodology

Sample and data collection

The research questionnaires were distributed and collected 
by email. Beginning January 2019, they were mainly sent 
to manufacturing companies located in Shaanxi, Jiangsu, 
Guangzhou, Shanghai, Chongqing, Suzhou, Shanxi and 
other cities in China, including the Shaanxi Drum Group, 
Shaanxi Automobile Group, BYD Company, Foxconn 
Technology, Samsung Electronics Co., Ltd., and other 
enterprises. By May 2019, we obtained 305 reliable ques-
tionnaires from an initial 365 surveys, with an effective 
rate of 83.4%. The survey respondents included depart-
ment managers, project managers, purchasing specialists, 
technical engineers, supply chain planners, supply chain 
supervisors and production process personnel. More than 
70.8% of the surveyed individuals had been engaged in 
their occupations for more than 3 years. Thus, in line with 
the requirements of this study, the surveyed individuals 
possessed substantial work experience in supply chain 
management.

Because nonresponse bias interferes with the statistics 
estimated by a model, to test for nonresponse bias, we com-
pared the difference in number of employees between the 
questionnaires completed during the early study period with 
those completed during the later period using the T test. We 
found no significant nonresponse bias in the sample, indicat-
ing that there is no response bias in this study.

Measures

The scale of this paper has been revised based on the rel-
evant literature and further revised in consultation with 
experts in related fields. Each item uses the Likert five-point 
scale method, where 1 means high nonconformance and 5 
means complete conformity.

To collect research data by questionnaire survey, the 
measured variables must be transformed from abstract 
to measurable index variables. The questionnaire in this 
paper consists of four parts: an SCA scale, an SCR scale, 
an OV scale and basic enterprise information. Two main 
methods were used in designing the scale. (1) Based on 
previous related research, we directly adopted mature 
scales successfully applied by other scholars, while 
requiring the adopted scales to be universal. (2) In scale 
items used in previous relevant studies performed in for-
eign settings, several items or research focuses unsuitable 
for Chinese national conditions and research were modi-
fied to make them appropriate for the circumstances of 
this study or deleted. In addition, and the measurement 
indicators of certain variables were adjusted to suit the 
scale and items employed in this study.

SCA

Sustainable competitive advantage (SCA) was meas-
ured by respondents’ perceived performance relative to 
their main competitors over the past 3 years using four 
items from previous studies (Wagner et al. 2012; Prajogo 
et al. 2012). Using perceptual measures to obtain SCA 
may raise questions regarding its effectiveness, but past 
studies have shown that this approach is consistent with 
objective performance indicators (Gligor et al. 2014). 
The operational definition scale for SCA is divided 
into two dimensions, sustainable financial performance 
(SFP) and sustainable market performance (SMP), with 
four questions (Table 3).

Table 3   Operational definitions of SCA

Construct Items Sources

(In the past 3 years)
Sustainable financial performance (SFP) Prajogo et al. (2016); Cao et al. (2018)

  SFP1 Our company is more profitable than major competitors Prajogo et al. (2016); Cao et al. (2018)
  SFP2 Our company’s return on investment is higher than that of 

main competitors
Sustainable market performance (SMP)

  SMP1 Our company’s market share increases faster than that of main 
competitors

Prajogo et al. (2016); Cao et al. (2018)

  SMP2 Our company’s sales growth rate exceeds that of major com-
petitors
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SCR

Proactive capabilities are reflected in the subdimensions 
of supply chain readiness, flexibility, reserve capacity, 
integration and market advantage. These subdimensions 
are interrelated and complementary. Improving flexibility, 
reserve capacity and integration is crucial. In addition, inte-
gration and redundancy capabilities are related. Response 
and recovery are subdimensions of reactive capabilities. 
Supply chain design quality can be divided into density, 
complexity and criticality. The questionnaire consists of 19 
items, of which proactive capabilities were addressed by 7 
items and reactive capabilities by 5 items. The remaining 
7 items addressed supply chain design quality (Table 4).

OV

This study draws on the operational vulnerability (OV) 
scale of Chowdhury and Quaddus (2017) to focus on the 

mediation effect. The operational definition of the vari-
able is addressed by 6 items, and each item is measured 
by a Likert five-level scale (Table 5).

Control variables

Due to the relationship between establishment age, firm 
scales and customer relationships in the supply chain, we 
adopted the age and size of enterprises as control variables. 
This study controls the firm’s age and size, which is meas-
ured by the operational years of companies and consists of 
employees, annual sales and total assets.

Reliability and validity test

Based on the data from the 305 valid completed surveys, 
the reliability and validity of the scales are analysed using 
confirmatory factor analysis (CFA), and the quality of the 
sample data is evaluated based on the results.

Table 4   Operational definition of SCR

Construct Items Sources

Proactive capabilities (PC)
  PC1 Our company can use resources to prepare for disruption prevention
  PC2 Our company can predict possible demand disruptions Pettit et al. (2013); Chowdhury and 

Quaddus (2017)
  PC3 Our company is flexible in terms of order quantity and production schedule
  PC4 Our company has a buffer stock of raw materials and parts
  PC5 Our company shares information with supply chain partners
  PC6 Our company integrates between different departments
  PC7 Our company has collaborative relationships with our supply chain partners

Reactive capabilities (RC)
  RC1 Our company can respond quickly to disruptions
  RC2 Our company has a response team to alleviate the crisis Sheffi and Rice (2005); Chowdhury 

and Quaddus (2017)
  RC3 Our company can recover from a disruption in a short time
  RC4 Our company can reduce the impact of losses through the ability to handle 

disruptions
  RC5 Our company can recover from a disruption at a lower cost

Supply chain design quality (SCDQ)
  SCDQ1 Our company’s customers are not concentrated in a specific geographic area
  SCDQ2 Our company chooses suppliers (or alternative suppliers) from different 

regions to avoid supply risks in specific regions
Colicchia et al. (2010); Chowdhury 

and Quaddus (2017)
  SCDQ3 Our company has production facilities (or alternative production facilities) in 

different areas to avoid the risk of operational disruption in specific areas
  SCDQ4 Our company tries to deal directly with customers and suppliers to reduce the 

complexity of the supply chain
  SCDQ5 Our company does not have much forward and backward flow of goods and 

services in our SC
  SCDQ6 Our company does not have a key distribution centre from which to distribute 

goods to other distribution centres
  SCDQ7 Our company has alternative transportation options
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Reliability analysis of scale

According to the analysis results, the Cronbach’s α 
values of SCA, SCR and OV are all larger than 0.700, 
indicating that the fit of the scale is good. As shown in 
Table 6, the CR values are all in line with CR > 0.700, 
and the AVE values are greater than 0.500, indicating 
acceptable internal consistency of the scale. These out-
comes imply a high level of reliability in the measure-
ment indicators.

Validity analysis of scale

Confirmatory factor analysis (CFA) was performed using 
AMOS software to evaluate the fit index for each scale 
(Table 7) and then to evaluate the fitting effect of the entire 
measurement model. The analysis results indicate that the 
fit is good.

Results

Pearson correlation analysis

SPSS 20.0 was used to obtain the descriptive statistics 
and Pearson correlation analysis results of each variable 
(Table 8). SFP is significantly related to SCR’s proactive 
capabilities, reactive capabilities, and supply chain design 
quality. Hypotheses H1a, H2a, H3a, H1b, H2b and H3b 
are preliminarily verified, as are the three dimensions of 
SCR. OV is significantly correlated, if one assumes that 
H4a, H4b and H4c have been initially verified. The two 
dimensions of SCA have an obvious correlation with OV 
and, assuming H5a and H5b, we can state that they have 
been initially verified.

Hypothesis testing

Main hypothesis testing

Effect of SCR on SCA  According to Tables 9 and 10, proac-
tive capabilities (MF1, β = 0.361, p < 0.001), reactive capa-
bilities (MF2, β = 0.273, p < 0.001), supply chain design 
quality (MF3, β = 0.330, p < 0.001) and SFP have a signifi-
cant positive relationship. H1a, H2a and H3a are verified. 
Proactive capabilities (MM1, β = 0.428, p < 0.001), reac-
tive capabilities (MM2, β = 0.242, p < 0.001) and supply 
chain design quality (MM3, β = 0.398, p < 0.001) have 

Table 5   Operational definition of OV

Construct Items Sources

OV1 There is a shortage of skilled workers in our company Chowdhury and Quaddus (2017)
OV2 Workers in our company are prone to switching and absenteeism
OV3 Our company’s production planning system is unsound
OV4 Our company’s IT system is faulty
OV5 The quality of our company’s products is low
OV6 The knowledge level of the workers and supervisors in our company is not high

Table 6   Reliability analysis of scale

Constructs Composite 
reliability 
(CR)

AVE Cronbach’s α Overall scale 
Cronbach’s α

SCA SFP 0.705 0.546 0.705 0.759
SMP 0.727 0.571 0.726

SCR PC 0.899 0.561 0.899 0.924
RC 0.842 0.517 0.843
SCDQ 0.910 0.592 0.910

OV 0.893 0.582 0.892

Table 7   Scale validity analysis χ2/df GFI AGFI NFI TLI CFI RMSEA

SCA scale fit
  1.242 0.988 0.972 0.988 0.996 0.998 0.028
SCR scale fit
  1.954 0.997 0.968 0.994 0.981 0.997 0.056
OV scale fit
  1.873 0.915 0.911 0.916 0.952 0.959 0.054
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a significant positive relationship with SMP, verifying 
Hypotheses H1b, H2b and H3b.

Effect of SCR on OV  The regression analysis is shown 
in Table 11. Proactive capabilities (MO1, β = −0.341, 

p < 0.001), reactive capabilities (MO2, β = -0.248, 
p < 0.001) and supply chain design quality (MO3, β 
= −0.508, p < 0.001) have significant negative rela-
tionships with OV. Hypotheses H4a, H4b and H4c 
are verified.

Table 8   Variable averages, 
standard deviations and Pearson 
correlation coefficient (N = 
305)

*p < 0.05 (2-tailed); **p < 0.01 (2-tailed); *** p < 0.001 (2-tailed)

Mean SD 1 2 3 4 5 6

PC 3.289 0.9528 1.000
RC 3.332 1.0313 0.460** 1.000
SCDQ 3.241 1.0805 0.598** 0.420** 1.000
OV 2.881 1.1702 −0.370** −0.285** −0.528** 1.000
SFP 3.238 0.9657 0.460** 0.359** 0.409** −0.338** 1.000
SMP 3.289 0.9513 0.482** 0.315** 0.443** −0.389** 0.491** 1.000

Table 9   Multiple linear 
regression of SCR and SFP

*p < 0.05 (2-tailed); **p < 0.01 (2-tailed); ***p < 0.001 (2-tailed)

1.Variables SFP

Model 0 Model F1 Model F2 Model F3

Control variable
  Company age (years) −0.057 −0.053 −0.035 −0.034
  Company annual sales (million) 0.369*** 0.270** 0.320*** 0.301***
  Number of employees 0.005 −0.016 0.014 −.004
  Company’s total assets (million) 0.074 0.038 0.034 0.060
Independent variable
  PC 0.361***
  RC 0.273***
  SCDQ 0.330***
  R2 0.170 0.283 0.239 0.272
  Fix R2 0.159 0.271 0.226 0.260
  F 15.365*** 23.657*** 18.766*** 22.391***

Table 10   Multiple linear 
regression of SCR and SMP

*p < 0.05 (2-tailed); **p < 0.01 (2-tailed); ***p < 0.001 (2-tailed)

1.Variables SMP

Model 0 Model M1 Model M2 Model M3

Control variable
  Company age (years) 0.002 0.007 0.021 0.029
  Company annual sales (million) 0.157* −0.040 0.113 0.074
  Number of employees −0.065 −0.090 −0.057 −0.076
  Company’s total assets (million) 0.253*** 0.211** 0.218** 0.237***
Independent variable
  PC 0.428***
  RC 0.242***
  SCDQ 0.398***
  R2 0.123 0.283 0.177 0.272
  Fix R2 0.112 0.271 0.164 0.260
  F 10.551*** 23.575*** 12.903*** 22.374***
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Effect of OV on SCA  According to the regression results pre-
sented in Table 12, OV has a significant negative relation-
ship with SFP (M1, β = −0.265, p < 0.001) and SMP (M2, 
β = −0.338, p < 0.001). H5a and H5b are verified.

Hypothesis test of the mediating effect

According to the regression results presented in Tables 9, 
10, 11, 12, for the three independent variables proac-
tive capabilities, reactive capabilities and supply chain 
design quality, it can be inferred that OV plays a mediat-
ing role between SCR and SCA. The mediating effect of 
OV will be verified using SPSS 20.0 The plug-in pro-
cess is as follows. This paper is based on the method 
described by Hayes (2018). Bootstrapping was further 
used to test the mediating effect of OV. Table 12 shows 

the bootstrapping test results of the mediating effect of 
OV between SCR and SCA. Here, the dependent vari-
ables in the table are SFP and SMP, and SCR (proac-
tive capabilities, reactive capabilities and supply chain 
design quality) is the independent variable. First, the 
mediating effect of OV on the relationship between pro-
active capabilities and SFP was 0.0593, with a 95% CI 
of 0.0188/0.1083, excluding 0. The mediating effect of 
OV on the relationship between reactive capabilities and 
sustainable financial performance was 0.0494, with a 
95% CI of 0.0205/0.0844, excluding 0. The mediating 
effect of OV on the relationship between supply chain 
design quality and SFP was 0.0612, with a 95% CI of 
0.0027/0.1206, excluding 0. These findings indicate 
that OV has a mediating effect on SCR and SFP. It was 
assumed that H6a, H6b and H6c were verified. Second, 
the mediating effect of OV on the relationship between 
proactive capabilities and SMP is 0.0780, with a 95% 
CI of 0.0377/0.1279, excluding 0. The mediating effect 
of OV on the relationship between reactive capabilities 
and SMP is 0.0680, with a 95% CI of 0.0336/0.1106, 
excluding 0. The mediating effect of OV on the rela-
tionship between supply chain design quality and SMP 
is 0.0832, with a 95% CI of 0.0271/0.1414, excluding 0. 
These findings indicate that OV has a mediating effect 
on SCR and SMP. It was assumed that H7a, H7b and H7c 
were verified. The mediating effect test results of OV 
on the relationship between SCR and SCA are shown in 
Table 12. Table 13 shows that OV satisfies the mediating 
effect between SCR and SCA.

Conclusions and implications

Findings and discussion

This paper is mainly based on dynamic capability the-
ory, using OV as a mediating variable and constructing 

Table 11   Multiple linear regression analysis of SCR and OV

*p < 0.05 (2-tailed); **p < 0.01 (2-tailed); ***p < 0.001 (2-tailed)

1.Variables OV

Model O1 Model O2 Model O3

Control variable
  Company age (years) 0.051 0.035 0.019
  Company annual sales 

(million)
−0.055 −0.104+ −0.043

  Number of employees −0.004 −0.025 −0.003
  Company's total assets 

(million)
−0.048 −0.046 −0.061

Independent variable
  PC −0.341***
  RC −0.248***
  SCDQ −0.508***
  R2 0.145 0.101 0.287
  Fix R2 0.131 0.086 0.275
  F 10.165*** 6.701*** 24.023***

Table 12   Multilinear regression analysis of OV and SCA

*p < 0.05 (2-tailed); **p < 0.01 (2-tailed); ***p < 0.001 (2-tailed)

Variables SFP SMP
Model 1 Model2

Control variable
  Company age (years) −0.042 0.020
  Company annual sales (million) 0.329*** 0.107
  Number of employees −0.001 −0.070
  Company’s total assets (million) 0.052 0.226***

Independent variable
  OV −0.265*** −0.338***
  R2 0.237 0.232
  Fix R2 0.225 0.220
  F 18.615*** 18.100***

Table 13   Mediating effect of OV

Variables Effects Confidence 
interval

Inde-
pendent 
variable

Depend-
ent vari-
able

Indirect 
effect

Direct effect 95% CI 95% CI

PC SFP 0.0780 0.3495 0.0377 0.1279
RC SFP 0.0680 0.1555 0.0336 0.1106
SCDQ SFP 0.0832 0.2671 0.0271 0.1414
PC SMP 0.0593 0.3067 0.0188 0.1083
RC SMP 0.0494 0.2064 0.0205 0.0844
SCDQ SMP 0.0612 0.2336 0.0027 0.1206

4893Environmental Science and Pollution Research (2023) 30:4881–4898



1 3

a relationship model between SCR and SCA. Relevant 
companies in the Chinese manufacturing industry were 
taken as a research sample to verify the hypothesis using 
empirical tests, and all of the hypotheses were eventually 
supported.

Main hypothesis results

Relationship between SCR and SCA  Our research results 
indicate that SCR capability can improve enterprise per-
formance and enhance enterprise SCA. H1a, H2a and H3a 
are validated, and there is a significant correlation between 
proactive capabilities, reactive capabilities, supply chain 
design quality and SFP, which positively affects SFP. H1b, 
H2b and H3b are supported, confirming there is a signifi-
cant relationship between proactive capabilities, reactive 
capabilities, supply chain design quality and SMP, which 
positively affects SMP. That is, by building SCR capabili-
ties, enterprises can improve the relationship between supply 
chain partners by being prepared before risks or disruptions 
and return to their original operational level or better. A key 
element in building SCR is the ability to respond quickly to 
market demand in a crisis (Sheffi and Rice 2005；Wieland 
and Wallenburg 2013). In addition, enterprises must recon-
figure their supply chains according to the frequency and 
impact of supply chain disruptions. Subsequent to a disrup-
tion, they can then recover to a higher level of operation 
while improving their SCA. In summary, SCR is a valuable 
capability that managers can use to help their companies 
achieve a SCA.

The effect of SCR on OV  The study verified H4a, H4b and 
H4c. According to our results, there are significant nega-
tive effects between proactive capabilities, reactive capa-
bilities, supply chain design quality and OV. Enterprises 
can prepare for disruptions or risky events and reduce 
OVs along the entire supply chain. Effective risk man-
agement can reduce the OV of the supply chain by creat-
ing SCR. Here, proactive capability identifies, predicts 
and defends against adverse consequences in response to 
risk changes; thus, the establishment of proactive capa-
bility can reduce the basic factors of supply chain risks, 
including reducing OV. Response capability is based on 
the response and recovery capability of an organization 
and involves whether it can respond to disruption events 
in a timely manner and reduce the impact of OV. In addi-
tion, OV is derived not only from external environmental 
uncertainties but also to a large extent from the design 
of the supply chain system. Therefore, reconfiguring the 
supply chain can help mitigate the impact of OV. OV 
analysis helps in prioritizing resources for business pro-
jects that increase resilience, thereby minimizing pos-
sible economic losses in the future.

The effect of OV on SCA. H5a and H5b have passed the 
verification process, indicating that OV negatively impacts 
an enterprise’s SCA. This relationship means that the larger 
that a vulnerability is, the greater its potential impact on 
financial performance and market performance, and the 
less likely the firm is to achieve an SCA. Only when the 
operation of the supply chain reaches a balance between 
cost and efficiency can an enterprise achieve the goal of 
financial performance and market performance. Therefore, 
to the extent that feasibility and enterprise cost permit, the 
enterprise should choose a strategic approach to insulate the 
supply chain from any or most disasters. Supply chain opera-
tional strategy plays a key role in improving performance 
and makes a strategic contribution to the effectiveness of the 
entire supply chain. Therefore, mitigating the impact of OV 
is conducive to the acquisition of a SCA.

Mediating effect results

SCR is a balanced state consisting of vulnerability and capa-
bility. An increase in resilience will lead to a decrease in 
vulnerability (Pettit et al. 2010). When resilience and vul-
nerability are in balance, enterprise performance will be 
improved. In this paper, the intermediary effect of valida-
tion from proactive capabilities and SFP as well as proac-
tive capabilities and SMP, reactive capabilities and SFP as 
well as reactive capabilities and SMP, supply chain design 
quality and SFP as well as supply chain design quality, and 
SMPs were tested in six relations. The mediating role of OV 
in each group of correlations is discussed separately. First, 
H6a, H6b and H6c were all supported, indicating that OV 
has a mediating effect between SCR and SFP. Any type of 
loss caused by OV will affect SCR, disrupt the operation of 
the supply chain, affect the delivery time of products and 
ultimately cause profit losses. When OV and SCR are in 
balance, OV is reduced, which improves SCR. The normal 
operation of the supply chain ensures a balance of cost and 
efficiency, resulting in the expected financial performance 
of the enterprise.

Second, H7a, H7b and H7c all pass the testing proce-
dure, and OV has mediating effects on proactive capabilities, 
reactive capabilities, supply chain design quality and SMP. 
Previous research results prove that there is a negative cor-
relation between SCR and OV and a positive correlation 
between SCR and supply chain performance. By building 
SCR proactive capabilities and improving supply chain 
design quality, disruption of the supply chain can be pre-
vented. Reallocating assets and changing the organizational 
structure to improve the supply chain structure can relieve 
system vulnerability in disruption events or circumstances 
of risk, reduce the enterprise’s loss of market share and mar-
ket growth, ensure sales growth and competitive advantage, 
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and achieve SMP. This paper’s findings represent a useful 
complement to the conclusions of Chowdhury and Quaddus 
(2017) and are consistent with the dynamic capability view. 
Therefore, practitioners should enhance their awareness of 
OV mitigation and effectively prevent risks.

Management implications

From the perspective of dynamic capability, research on the 
impact of SCR on a firm’s SCA shows that in the face of 
risk and disruption events, enterprises should build SCR 
capability more proactively or passively to varying degrees 
and mitigate the loss caused by OV to help obtain SCA. 
Combining research conclusions with practical actions, this 
study provides the following meaningful insights.

First, the research path of the impact of SCR on enter-
prises’ SCA is clarified: there is currently no relevant lit-
erature on the impact of SCR on enterprises’ SCA. Most 
studies are focused on the impact of SCR on enterprise 
performance, whereby the relevant research on SCR also 
lacks a unified understanding of SCR’s dimensions. This 
paper should help managers perceive the value of SCR. 
Therefore, based on the dynamic capability perspective, this 
paper examined SCR as a dynamic capability in terms of the 
three dimensions proactive capabilities, reactive capabilities 
and supply chain design quality so as to help firms build 
SCR. The paper’s results also indicate that supply chain 
managers should undertake proactive measures to design 
and configure supply chain systems while developing their 
firms’ ability to respond to disruption events and improve 
SCA. For example, SCR should be preembedded in the 
structure design of the supply chain as a design capability, 
which can effectively prevent the occurrence of disruption 
risk. From a relationship perspective, SCR strengthens sup-
ply chain relationships through its positive performance and 
ensures strategic support. Directly assessing the external 
environment in an effort to establish a dynamic strategy is 
necessary if a firm is to remain fresh and vital.

Second, the findings suggest that managers pay attention 
to OV. It is important to control the risks that may affect the 
supply chain. The study can help enterprises choose mitiga-
tion strategies, with the ultimate purpose of improving sup-
ply chain management and obtaining SCA. For example, by 
strengthening profit sharing and risk sharing among supply 
chain partners and encouraging node cooperative enterprises 
to optimize the supply chain system and ensure the stability 
of the supply chain, the performance of supply chain opera-
tions can be improved.

Finally, the results also suggest that companies should 
continue to seek creative ways to solve supply chain 
problems and explore new opportunities for supply chain 
management to develop dynamic capabilities to adapt 

to environmental uncertainty. In addition, the research 
sample is based on the current situation of Chinese man-
ufacturing enterprises. Our research findings can help 
Chinese enterprises’ supply chain managers formulate 
SCR strategies. Supply chain entities are often highly 
diverse in their industry composition and characteristics. 
Therefore, business managers must focus on coordinat-
ing and synchronizing the efforts of these entities. In 
turbulent times in the external environment, supply chain 
entities should cooperate more to ensure the acquisition 
and maintenance of competitive advantages. Managers 
should use SCR at the appropriate time, focus on improv-
ing their sensitivity to environmental changes, respond 
to environmental changes by configuring different SCR 
capabilities (e.g. proactive capabilities, reactive capabili-
ties and high supply chain design quality) and monitor 
important performance characteristics (e.g. sales level, 
revenue growth rate) to obtain SCA.

Limitations and future research

Although this study provides new insights into the literature 
and discusses the practical implications of its findings, the 
following limitations might require further exploration.

The research sample is based on Chinese manufac-
turing companies. Therefore, the research results may 
not be generalized to other types of firms with different 
cultural backgrounds. Although the survey of a single 
industry has advantages, it ignores the circumstances of 
other industries. Certain studies have shown that indus-
try characteristics (e.g. the nonstorable, perishable and 
intangible nature of the service, customer-supply duality 
and service heterogeneity) have a significant moderating 
effect on the supply chain (Noordewier and Lucas 2020). 
This leads to differences in the production, storage and 
delivery of supply chain operations. Therefore, future 
research can further expand the types of research sam-
ple, possibly including firms from developed countries, 
firms with different cultural backgrounds, and firms 
from different industries, so as to expand the applica-
bility of the findings to supply chain management in 
different situations.

The study uses the dynamic capability perspective to 
explore the relationship between SCR and SCA. However, 
it is far from sufficient to construct the influence mechanism 
between SCR and SCA from a dynamic perspective. In the 
future, perspectives such as information processing and net-
work structure can be considered in investigating the relation-
ship between SCR and SCA (Wong et al. 2020; Kim et al. 
2015) so as to provide more valuable suggestions for enter-
prises seeking to obtain SCA.
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