
Academic Editor: Camelia Delcea

Received: 21 May 2026

Revised: 19 June 2026

Accepted: 26 June 2026

Published: 29 June 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

From Defense to Strategic Control: An Indicator Framework
and DEMATEL–ISM Analysis of Sustainable Resilience in the
NEV Industry Chain
Changping Zhao 1,2 , Xiaojiang Xu 3,*, Qiang Di 2,* and Bill Wang 4

1 Business School, Suzhou University of Technology, Changshu 215500, China
2 Business School, Shanghai Normal University Tianhua College, Shanghai 201815, China
3 College of Finance and Statistics, Hunan University, Changsha 410082, China
4 School of Business, Wenzhou-Kean University, Wenzhou 325060, China
* Correspondence: xuxj@hnu.edu.cn (X.X.); dq2935@sthu.edu.cn (Q.D.)

Abstract

Against the background of global green transition and industrial chain restructuring, the
new energy vehicle (NEV) industry chain faces systemic challenges, including high resource
dependence, technological constraints, and geopolitical risks. It is therefore necessary to
build a sustainable resilience framework that reflects security, controllability, green devel-
opment, and long-term transformation. Drawing on the resource-based view, dynamic
capability theory, institutional theory, and national innovation system theory, this study
constructs an integrated indicator framework based on four-dimensional capabilities and a
three-level structure. The framework includes four dimensions, namely resistance, adap-
tive recovery, autonomous controllability, and sustainable innovation, and three structural
levels, namely the node, chain, and network levels. A total of 23 secondary indicators
are developed. Using the Decision-Making Trial and Evaluation Laboratory–Interpretive
Structural Modeling (DEMATEL–ISM) method and scoring data from 15 industry experts,
this study systematically examines the influence relationships and hierarchical structural
relationships among the indicators. The results show that sustainable resilience in the
NEV industry chain is not shaped by a single capability, but by the structural coordination
among basic protection, adaptive recovery, autonomous controllability, and sustainable
innovation. Autonomous controllability occupies a core linkage position in the framework,
while network-level indicators provide important foundational support across different
dimensions. This study further suggests that resilience improvement should move beyond
short-term emergency response and place greater emphasis on long-term capability build-
ing, including supply security, coordinated recovery, technological autonomy, and green
innovation governance. The findings provide theoretical insights and practical references
for strengthening the security, controllability, and sustainability of the NEV industry chain.
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1. Introduction
Against the backdrop of accelerated global green transition and deepening industrial

chain restructuring, the new energy vehicle (NEV) industry has become a key field con-
necting transportation transformation, energy transition, and green growth. Compared
with the traditional automobile industry, however, the NEV industry chain depends more
heavily on critical minerals and core technologies, and is therefore more vulnerable to
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external shocks. On the one hand, geopolitical conflicts, trade barriers, extreme climate
events, and fluctuations in resource prices have jointly disrupted the global supply of
critical minerals such as lithium and cobalt, as well as core components such as power
batteries and automotive chips. These disruptions have exposed the structural fragility of
the industry chain, which is characterized by high dependence, high complexity, and low
redundancy. The International Energy Agency points out that the global battery industry is
highly concentrated in its supply of critical resources such as lithium and cobalt, with the
top five supplying countries accounting for more than 80% of the market share. This means
that the NEV industry chain is highly susceptible to sudden geopolitical risks. On the
other hand, amid the regional restructuring of global industrial chains, the United States
and Europe have strengthened resource control, technological barriers, and industrial
reshoring through local-priority policies such as the Inflation Reduction Act and the Critical
Raw Materials Act. These policies have further intensified the external constraints faced
by China’s NEV industry in securing critical resources, achieving breakthroughs in core
technologies, and maintaining supply chain security. As a result, the risks facing the NEV
industry chain are no longer merely local or short-term. Instead, they have evolved into
systemic shocks marked by suddenness, transmissibility, and persistence.

In this context, traditional supply chain resilience analysis, which centers on shock
absorption and post-shock recovery, can no longer fully explain how the NEV industry
chain maintains stable operations under long-term uncertainty [1,2]. For such a complex
industrial system, which is resource-intensive, technology-intensive, and closely linked
to green transition, an exclusive emphasis on recovery capacity is insufficient to support
long-term development. By contrast, sustainable resilience places greater emphasis on the
integration of stress resistance, adaptive capacity, and long-term evolutionary capability
under external disturbances. It therefore provides a more appropriate analytical perspective
for understanding how the NEV industry chain can achieve a dynamic balance among
risk prevention, green transition, and technological upgrading. For the NEV industry,
building sustainable resilience is not only related to the risk governance capacity of green
supply chains, but also to the coordinated realization of low-carbon transition, industrial
upgrading, and strategic security objectives [3–6].

Existing studies have discussed this issue from the perspectives of supply chain
resilience, sustainable supply chain resilience, and the security and resilience of the NEV
industry chain. These studies provide an important basis for understanding how complex
industrial systems respond to external shocks. However, three limitations remain [7–11].
First, the capability dimensions are still insufficient. Existing studies mainly focus on
traditional resilience capabilities, such as redundancy allocation, flexible response, and
emergency recovery. They pay less attention to autonomous controllability and sustainable
innovation, which are especially important for the NEV industry. As a result, these studies
cannot fully respond to the dual requirements of short-term disruption resistance and long-
term transformation. Second, the hierarchical relationship remains unclear. Many studies
have identified important factors, such as policy support, R&D investment, and supply
diversification. However, most of them do not further clarify the influence relationships
and hierarchical relationships among different factors. Therefore, it is still difficult to
determine which factors serve as fundamental supports, which factors are only external
manifestations, and where resilience improvement should begin. Third, the structural
perspective remains incomplete. Existing research generally lacks an analytical framework
that embeds resilience capabilities into the three-level structure of nodes, chains, and
networks. It has not fully integrated firm-level resource endowments and innovation
capabilities, industry-level operating mechanisms and institutional support, and network-
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level ecological coordination and structural linkages within a unified framework. This also
makes it difficult to identify the interactions among different levels.

Based on the above limitations, this study focuses on the following core questions.
What key capability dimensions should constitute the sustainable resilience of the NEV
industry chain? How should these capability dimensions be embedded into the node level,
chain level, and network level to form a systematic analytical framework that reflects the
operating characteristics of the industry chain? In the context of intertwined multidimen-
sional capabilities and multi-level structures, are there clear influence relationships and
hierarchical structural relationships among different indicators? To answer these questions,
this study draws on the resource-based view, dynamic capability theory, institutional the-
ory, and national innovation system theory. It constructs a four-dimensional capability
framework consisting of resistance, adaptive recovery, autonomous controllability, and
sustainable innovation. This framework is further embedded into a three-level structure
of the node level, chain level, and network level, forming a comprehensive evaluation
framework for the sustainable resilience of the NEV industry chain. On this basis, this
study identifies 23 secondary indicators that capture the key factors shaping the sustainable
resilience of the NEV industry chain through literature review and expert consultation.
It then applies the integrated DEMATEL–ISM method to examine the influence relation-
ships and hierarchical structural relationships among these indicators. Finally, this study
provides practical suggestions for improving the sustainable resilience of China’s NEV
industry chain.

The contributions of this study are mainly reflected in three aspects. First, this study
focuses on the NEV industry chain, a typical strategic emerging industry. It extends
sustainable resilience research from general supply chain contexts to a complex industrial
setting shaped by resource constraints, technological competition, and green transition.
Second, this study proposes a comprehensive analytical framework of “four-dimensional
capabilities × three-level structure.” This framework integrates short-term disruption
resistance, long-term adaptation, strategic autonomy, and green innovation into a unified
analytical system. It therefore expands the analytical scope of existing resilience research
in terms of both capability dimensions and structural levels. Third, this study applies the
DEMATEL–ISM method to examine the influence relationships and hierarchical structural
relationships among the 23 indicators. This helps clarify the role and position of different
indicators in the sustainable resilience system of the NEV industry chain. It also provides
more targeted practical evidence for resilience improvement. Overall, this study develops a
sustainable resilience framework tailored to the NEV industry chain, providing insights for
addressing the challenges of global supply chain restructuring and strengthening industry
chain resilience during the green transition.

2. Literature Review
2.1. From Traditional Resilience to Sustainable Resilience

The concept of resilience has evolved from engineering resilience to ecological re-
silience and then to social-ecological resilience. Early engineering resilience emphasizes
the ability of a system to maintain stability and quickly return to its original equilibrium
after external shocks, with resistance, recovery, and return as its core logic [12]. Ecological
resilience further focuses on the ability of a system to shift among multiple stable states,
suggesting that external shocks are not only short-term disturbances but may also lead to
deeper changes in system structure and operating logic [13]. Social-ecological resilience
research incorporates adaptation, learning, self-organization, and transformation into the
analytical framework, extending the meaning of resilience from “post-shock recovery” to
the capacity of a system to adjust and restructure under uncertainty [14].
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In the field of supply chain management, early resilience research mainly focused
on disruption risk management and emphasized improving shock resistance through
redundancy, supply diversification, flexible production, and rapid response [15]. Existing
studies have explained how firms and supply chain systems respond to risks such as
natural disasters, public health crises, armed conflicts, and logistics disruptions from the
perspectives of robustness, recovery, flexibility, and adaptability [16,17]. In recent years,
as climate change, resource constraints, and green transition pressures have intensified,
scholars have gradually recognized that supply chain resilience should not only serve
short-term recovery, but should also consider long-term goals such as economic efficiency,
environmental responsibility, and social equity. Sustainable supply chain resilience has
therefore become a new research direction. It no longer only asks whether a system can
recover, but further asks how the system recovers and whether the recovered system
becomes more sustainable [4,5].

Compared with traditional supply chain resilience, sustainable supply chain resilience
is not limited to functional recovery after disruptions. It places greater emphasis on how
supply chains respond to shocks while maintaining broader development goals. In other
words, traditional resilience focuses more on whether a system can recover, whereas sustain-
able resilience further concerns how recovery is achieved and whether the system becomes
more stable, adaptive, and sustainable after recovery. Existing studies have developed
this topic along three main lines. First, from the perspective of capability dimensions,
scholars have described sustainable supply chain resilience in terms of resistance, recovery,
adaptation, and transformation. This view suggests that supply chains should not only
defend against shocks, but also learn, adjust, and evolve through them [4]. Second, from the
perspective of performance goals, researchers argue that resilience improvement should not
focus only on efficiency or short-term stability. It should also consider broader goals such
as environmental responsibility, social value, long-term competitiveness, and sustainable
transformation [5]. Third, from the perspective of complex systems and governance, recent
studies have incorporated network structure, multi-actor coordination, institutional envi-
ronment, feedback learning, and governance capacity into the analytical framework [18].
These studies show that supply chain resilience is not only a firm-level capability, but also
a systemic property formed through interactions among multiple actors.

Although existing studies have shifted supply chain resilience research from risk
response toward sustainable development, their explanatory power remains limited in the
context of strategic emerging industries. Most existing sustainable resilience frameworks
are developed for general manufacturing industries or common supply chains, and they
usually treat external shocks as sudden and recoverable disturbances, such as natural disas-
ters, pandemic shocks, or logistics disruptions. However, the uncertainty faced by the NEV
industry chain is not only a short-term disruption, but also a structural constraint shaped
by the concentration of critical resources, dependence on core technologies, industrial
policy competition, and pressure for low-carbon transition. In this context, rapid recovery
remains important, but it is more critical for the industry chain to maintain stable operations
under resource constraints, strengthen autonomous capability in technological competition,
and develop continuous innovation capability during the green transition. Therefore, the
NEV industry chain requires a broader understanding of sustainable resilience that reflects
strategic security, dynamic adaptation, and sustainable development.

2.2. Industry-Specific Characteristics and Research Progress of Sustainable Resilience in the NEV
Industry Chain

The challenges faced by the NEV industry chain are different from general supply
chain disruptions. Compared with traditional manufacturing supply chains, the NEV
industry chain has stronger resource dependence, higher technological complexity, and
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closer upstream and downstream linkages. Its upstream sector depends heavily on critical
minerals such as lithium, cobalt, nickel, and graphite, as well as key components such as
separators, electrolytes, cathode and anode materials, and automotive-grade chips. The
midstream sector involves power battery manufacturing, vehicle integration, intelligent
manufacturing, and electronic control systems. The downstream sector extends to sales
and services, charging and battery-swapping infrastructure, power battery recycling, and
cascade utilization. This closely connected industrial structure means that the resilience of
the NEV industry chain depends not only on the risk resistance of individual firms, but
also on the global resource supply pattern, the autonomy of key technologies, the efficiency
of industry chain coordination, the policy and institutional environment, and the green
innovation ecosystem [10]. More importantly, the NEV industry chain itself undertakes the
task of low-carbon transition. Its resilience building cannot focus only on supply stability
and production recovery. It must also address resource recycling, environmental impacts,
green innovation, and long-term sustainable development. Therefore, the resilience of the
NEV industry chain has clear sustainability characteristics.

Based on these features, existing studies have discussed the vulnerability and resilience
building of the NEV industry chain from several perspectives. First, some studies focus
on the security of upstream critical minerals and core materials. They mainly examine the
global distribution, trade dependence, and potential supply disruption risks of strategic
resources such as lithium, cobalt, and nickel. They also discuss response measures such
as resource source diversification, import diversification, local substitution, recycling, and
strategic reserves [19–22]. These studies provide an important basis for understanding
resource security in the NEV industry chain. However, they still focus mainly on resource
supply risks themselves. Less attention has been paid to how control over critical minerals
affects industry chain stability, technological autonomy, resource recycling, and green
transition at the same time.

Second, studies on the battery supply chain and core technologies further reveal the
strategic vulnerability of the NEV industry chain. The NEV industry chain depends not only
on critical minerals, but also on key links such as power batteries, drive motors, electronic
control systems, automotive-grade chips, battery management systems, intelligent driving,
operating systems, and charging technologies. Power batteries determine the cost structure,
driving range, safety performance, and technological route of NEVs. Their supply chain
also involves material research and development, cell manufacturing, module assembly,
battery management systems, and recycling. Existing studies have discussed battery
supply chain resilience from the perspectives of capacity layout, cost control, supply
security, recycling, and green manufacturing. They have also examined the chokepoint
risks caused by technological blockades, standards barriers, and trade restrictions [23–27].
However, this line of research still focuses more on single technological links or local
governance issues. It pays insufficient attention to the systematic connections among the
battery supply chain, vehicle manufacturing, resource recycling, infrastructure, policy
systems, and green performance.

Third, industrial policy and the institutional environment are also important topics in
research on NEV industry chain resilience. The NEV industry is strongly policy-oriented.
Subsidy policies, dual-credit policies, green finance, innovation funds, charging infrastruc-
ture construction, carbon emission regulations, and international trade rules all affect firms’
R&D investment, capacity layout, and supply chain choices [28,29]. Related studies suggest
that changes in the institutional environment influence the localization of key technologies,
the internal circulation capacity of supply chains, and firms’ strategic positions in global
value chains [30,31]. These studies show the important role of policy and institutional
factors. However, it remains necessary to further explain how policy support, institutional
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adaptation, and industry chain coordination jointly affect the autonomy, controllability,
and sustainable development capacity of the industry chain.

Finally, studies on green transition, recycling, and sustainable supply chain resilience
provide important insights into the long-term resilience of the NEV industry chain. NEVs
are closely related to low-carbon transition, but their industry chain is not naturally sus-
tainable. Energy consumption in power battery production, environmental impacts from
critical mineral extraction, waste battery recycling and treatment, and the energy structure
of charging infrastructure may all affect the green performance of the NEV industry [10,26].
Existing studies have emphasized that sustainable supply chain resilience should balance
multiple goals, including supply stability, economic efficiency, environmental responsibility,
social value, and long-term transformation. They also point out that green innovation is an
important mechanism for achieving long-term sustainable transformation [5,15]. However,
most of these studies focus on general supply chains. They do not fully explain how
supply security, technological autonomy, recycling, green innovation, and environmental
performance jointly support sustainable resilience in the NEV industry chain.

Overall, existing studies have identified important issues in the resilience building of
the NEV industry chain from the perspectives of critical minerals, battery supply chains,
core technologies, industrial policy, and green transition. However, this research remains
somewhat fragmented. On the one hand, different studies often focus on a specific link
in the industry chain or a specific type of risk. They lack an integrated analysis covering
resources, technologies, institutions, and green innovation. On the other hand, existing
research is mainly conducted from the perspective of firm management or single-link gov-
ernance. It pays limited attention to the interactions among the global macro environment,
the meso-level industry structure, and firm-level capabilities. At the same time, although
some studies have begun to discuss green transition and recycling, most research still fo-
cuses on supply security and recovery capacity. There is still a lack of systematic discussion
on how sustainability goals and resilience goals can be coupled. Therefore, the sustainable
resilience of the NEV industry chain goes beyond risk resistance and production recovery,
reflecting broader requirements for resource security, technological autonomy, network
coordination, green innovation, and low-carbon transition.

2.3. Theoretical Resources for Constructing Sustainable Resilience in the NEV Industry Chain

Several classic theories in management and political economy provide useful theoreti-
cal resources for addressing the above gaps from different perspectives.

First, the resource-based view helps explain the resilience foundation under crit-
ical resource constraints. This theory argues that firms’ sustained competitive advan-
tage comes from resources that are valuable, rare, difficult to imitate, and difficult to
substitute [32–34]. This perspective is directly relevant to understanding resource security
in the NEV industry chain. When firms face price fluctuations in critical minerals, import
restrictions, or logistics disruptions, their financial reserves, inventory buffers, localized
supply systems, and capacity to secure key components directly affect their ability to
maintain basic operations in the early stage of a shock [6,35,36]. From the perspective of
sustainable development, a stable resource base is not only a source of short-term shock re-
sistance, but also a precondition for green technology R&D, recycling system development,
and long-term industrial upgrading.

Second, dynamic capability theory helps explain adjustment and recovery under
uncertainty. Teece (2007) points out that firms need to respond to environmental changes
through sensing, seizing, and reconfiguring [37]. Unlike the resource-based view, which
focuses on “what resources a firm owns”, dynamic capability theory pays more attention
to “how resources are mobilized and reconfigured”. In the NEV industry chain, external
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shocks are often not one-time disturbances. They may be accompanied by demand changes,
supply restructuring, technological iteration, and policy adjustment. Whether firms can
quickly adjust production plans, optimize resource allocation, rebuild supply channels,
and restore market response reflects their dynamic adaptive capability [38,39]. At the
same time, the NEV industry chain has close upstream and downstream linkages, so
the recovery process also depends on systemic mechanisms such as logistics scheduling,
supplier coordination, emergency sharing, and cross-node resource allocation [24,40].
Therefore, sustainable resilience in the NEV industry chain should not remain at the level
of “returning to the original state.” It should also consider whether the industry chain
can achieve resource reconfiguration, structural optimization, and continuous adaptation
during recovery.

Third, institutional theory helps explain the formation of operating conditions and
strategic autonomy in the industry chain. Scott (2013) points out that organizational behav-
ior is jointly shaped by formal rules, informal norms, and the institutional environment [41].
The NEV industry chain is strongly policy-oriented and strategic. Breakthroughs in core
technologies, substitution of key materials, green finance support, and localized supply sys-
tem development do not depend only on firms’ own capabilities. They are also influenced
by industrial policies, innovation funds, local institutional arrangements, and international
trade rules [28,29]. Against the background of technological blockades, trade barriers, and
stronger global industrial policy competition, the institutional environment directly affects
the localization of key technologies, the internal circulation capacity of supply chains,
and the strategic initiative of the industry chain [30,31]. Sustainable resilience in the NEV
industry chain needs to go beyond firm efficiency and supply recovery, and should include
institutional adaptation, policy support, and strategic autonomy in the analysis.

Finally, national innovation system theory helps explain the mechanism of continuous
innovation under the pressure of green transition. This theory argues that innovation is not
an isolated activity of a single firm, but a systemic process involving firms, governments,
universities, research institutions, financial institutions, and other actors. Its core lies in
knowledge flows, institutional support, and collaborative networks. The green transition
of the NEV industry involves many fields, including power batteries, intelligent manufac-
turing, charging infrastructure, low-carbon materials, recycling, and the coordination of
clean energy. It is difficult for a single firm to complete such systemic innovation alone.
Existing studies also show that green innovation capability is reflected not only in firms’
R&D investment and patent output, but also in upstream and downstream coordination,
the diffusion of innovation culture, and knowledge sharing among multiple actors [8,42,43].
Therefore, sustainable resilience in the NEV industry chain does not only mean maintain-
ing stable operations. It also means achieving long-term transformation through green
technological progress, knowledge diffusion, and collaborative innovation.

Overall, the above theories reveal the expanded meaning of sustainable resilience in
the NEV industry chain from different levels. The resource-based view emphasizes resource
security and basic capabilities. Dynamic capability theory emphasizes adjustment and
reconfiguration under environmental change. Institutional theory emphasizes institutional
conditions and strategic autonomy. National innovation system theory emphasizes collabo-
rative innovation in the green transition. Together, these theories suggest that resilience in
the NEV industry chain should not be limited to risk resistance and functional recovery in
traditional supply chain research. It should also focus on the coordination among resources,
capabilities, institutions, and innovation. Based on this theoretical logic, future analysis
needs to build a sustainable resilience framework that reflects the requirements of stable
operation, dynamic adjustment, strategic autonomy, and green transition at the same time.
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2.4. Research Gaps

Based on the above literature, two main research gaps can be identified. First, existing
studies have not fully explained sustainable resilience in the NEV industry chain by taking
its industry-specific characteristics into account. Although research has extended traditional
supply chain resilience to sustainable supply chain resilience, most studies still focus on
general dimensions such as robustness, recovery, flexibility, and adaptability. They pay
insufficient attention to the specific needs of the NEV industry chain, including resource
security, technological autonomy, institutional adaptation, and green innovation [4,5]. At
the same time, studies on critical minerals, battery supply chains, industrial policy, and
green transition have revealed different sources of risk in the NEV industry chain. However,
most of these studies focus on a single link or a single issue. A comprehensive framework
that can explain resource security, technological autonomy, institutional competition, and
green innovation at the same time has not yet been fully developed. This makes it difficult
for existing research to explain why the NEV industry chain should not only pursue
recovery efficiency, but also place greater emphasis on autonomy, controllability, and
sustainable innovation.

Second, the identification of levels within the industry chain and the influence re-
lationships among resilience-related factors remains insufficient. Existing studies often
start from the perspective of firms or a single link in the industry chain. They separately
discuss factors such as resource reserves, manufacturing recovery, logistics substitution,
policy support, R&D investment, and recycling. Few studies integrate the node, chain,
and network levels into a unified analytical framework [18]. In addition, although existing
studies have identified various resilience-related factors, the influence relationships and
hierarchical structure among these factors have not been fully revealed [15]. As a result,
existing research can often answer which factors are important, but it is less able to explain
which factors are more fundamental and through which structural paths the sustainable
resilience of the NEV industry chain can be improved.

To address these gaps, this study constructs an indicator framework for the sustainable
resilience of the NEV industry chain. The framework responds to the specific requirements
of the NEV industry chain. On this basis, this study identifies key indicators through
literature review and expert consultation, and applies the DEMATEL–ISM method to
examine the influence relationships and hierarchical structure among these indicators. The
resulting framework provides a systematic basis for the theoretical analysis and practical
improvement of sustainable resilience in the NEV industry chain.

3. Construction of the Sustainable Resilience Indicator Framework and
Research Method
3.1. Construction of a Sustainable Resilience Indicator Framework Based on Four-Dimensional
Capabilities and a Three-Level Structure

The above analysis suggests that the sustainable resilience of the NEV industry chain
may involve not only stable operation under short-term shocks, but also dynamic adjust-
ment under uncertainty, autonomous control over key links, and continuous innovation
during the green transition. Based on this understanding, we construct a four-dimensional
capability framework consisting of resistance, adaptive recovery, autonomous controlla-
bility, and sustainable innovation. At the same time, considering that the resilience of
the new energy vehicle industry chain is reflected not only in firm-level resources and
capabilities, but also in the efficiency of upstream and downstream linkages and the level
of industrial network coordination, we further embed the four-dimensional capabilities
into a three-level structure of nodes, chains, and networks. In doing so, it develops a
four-dimensional capability and three-level structure indicator system for the sustainable
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resilience of the NEV industry chain. From the dual perspectives of functional dimen-
sions, including static defense, dynamic recovery, autonomous controllability, and green
innovation, and structural levels, including nodes, chains, and networks, this indicator
framework identifies the key indicators of industry chain resilience. The meaning and
theoretical support of each indicator are further clarified through literature review.

(1) Resistance

Resistance measures the static defense and buffering capacity of a system when it faces
sudden external shocks, such as pandemics, geopolitical conflicts, and raw material price
fluctuations [6,44]. The resource-based view emphasizes that the scarce and inimitable
resources owned by firms, such as production capacity, technology, and human capital,
are key to building competitive advantage and resisting risks [33,35,45]. Supply chain
resilience theory further suggests that redundancy, such as diversified suppliers and local
spare parts reserves, together with flexibility and risk perception mechanisms, constitute
the core pillars of resistance [38,46–49].

At the node level, firms’ main business revenue and profit levels represent their ability
to mobilize internal resources and serve as important indicators for evaluating financial
robustness. Barney (1991) argues that financial and asset strength, as scarce resources, form
the foundation of firms’ risk resistance capacity [32]. The empirical study by Yusuf et al.
(2014) [50] shows that financial health is the “first line of defense” for improving system
stability. Inventory turnover reflects firms’ emergency reserve capacity and operational
flexibility [50]. Although high inventory may increase cost pressure, it can provide a crucial
buffer in disruption scenarios [16,51]. Torres-Rivera (2023) further proposes that through a
“dynamic redundancy” management strategy, key component firms can strike a balance
between efficiency and security [10]. The localization rate measures the system’s degree
of external dependence. A higher level of localization can reduce uncertainty caused by
geopolitical risks or import restrictions [21,22,52].

At the chain level, resistance is influenced by the flexibility of industrial organization
and the diversity of supply sources. Product entry thresholds reflect the openness of the
system to new entrants. Grumiller et al. (2021) propose adjusting regulations and institu-
tions to accelerate the market entry of new producers [53]. The import and export market
environment, such as customs clearance convenience, tariff systems, and international
cooperation, directly affects the recovery efficiency of supply chains [54]. Pettit et al. (2010)
point out that in highly uncertain environments, a redundant chain structure is a key
strategy for maintaining system stability [47].

At the network level, the system’s pressure-bearing and recovery capacity depends
on network structure and the distribution of node roles. A higher collaborative network
density indicates stronger alternative path availability and resource coordination capacity,
which helps maintain continuous system operations [55,56]. Structural concentration can
be measured by degree centrality, which reflects the distribution of key nodes [18,57,58]. If
supply dependence is excessively concentrated, disruption to a core node may substantially
weaken overall resistance and generate a bottleneck effect.

(2) Adaptive Recovery

Adaptive recovery reflects the system’s ability to quickly repair production networks,
restore supply, and respond to market demand after a shock. Dynamic capability theory
emphasizes that firms need to possess environmental sensing, opportunity seizing, and
resource reconfiguring capabilities in order to respond flexibly and maintain continuous
adaptation [37,59]. Ponomarov and Holcomb (2009) point out that recovery capability
derives not only from firms’ internal capabilities, but also from multi-actor coordination
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mechanisms, including emergency response, resource sharing, logistics scheduling, and
trust mechanisms [38].

At the node level, NEV sales and their year-on-year growth rate directly reflect market
recovery and the pace of firms’ resumption of work and production, thereby indicating
their ability to maintain operations during crises [17,60,61]. The production recovery period
is a key indicator that measures the time span from production suspension to capacity
reconstruction, and provides an important reference for designing post-disruption recovery
pathways [6,62,63].

At the chain level, recovery capability is constrained by the completeness of the indus-
trial and trade environment, as institutional support and resource accessibility determine
recovery efficiency [6,64–66]. At the same time, technological distance and spatial distance
reflect the degree of chain coupling. Knowledge relatedness and geographical proxim-
ity can improve the efficiency of collaborative recovery [67–69]. The substitutability of
logistics channels reflects the supply chain’s capacity for flexible reconfiguration under
transportation disruption or regulatory control, and is a key guarantee for diversifying
recovery pathways [70,71].

At the network level, recovery depends on the system structure’s capacity for coordi-
nated resource scheduling. Resource scheduling capacity represents the network’s ability
to rapidly allocate labor, materials, and other resources across different nodes. It is critical
for responding to sudden disturbances and reconfiguring operational mechanisms [72].
This capacity can generally be measured using closeness centrality, which captures the
average length of the shortest paths among nodes. An improvement in closeness cen-
trality helps accelerate the flow of information and resources and thereby promotes the
recovery process.

(3) Autonomous Controllability

Autonomous controllability emphasizes the system’s ability to achieve local substitu-
tion and strategic control when facing external rule restructuring, technological barriers,
and trade blockades [73–75]. From an institutional perspective, policy support, insti-
tutional arrangements, and industry rules are key guarantees for strengthening system
autonomy [76].

At the node level, dependence on imported raw materials measures the system’s
vulnerability to external markets. In the NEV industry, import dependence on critical
resources such as lithium, cobalt, and nickel has become a major hidden risk that constrains
system security [9,19,20]. The share of self-developed key core technologies serves as a
pathway for addressing bottleneck problems. It directly reflects firms’ autonomous control
over key components and control systems, and is a strategic indicator for achieving local
substitution in core segments [25–27].

At the chain level, trade competitive advantage and the revealed comparative advan-
tage index can be used to identify firms’ structural position and bargaining power in the
global division of industrial labor [77]. At the same time, financial service capacity acts as a
supporting guarantee for autonomous controllability, determining whether the system has
the financial foundation needed for technological R&D and scale expansion [8,78–80].

At the network level, betweenness centrality reflects the resource-channel position
of firms in the overall industry chain network. A higher value indicates that a firm plays
a more important hub role in information flows and resource flows, and thus possesses
stronger resource coordination and strategic guidance capacity [18,81].

(4) Sustainable Innovation

Sustainable innovation evaluates the system’s ability to conduct green R&D, promote
technology commercialization, and support talent development in the context of green
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transition [5,15,82,83]. National innovation system theory argues that innovation is a
systemic process jointly advanced by multiple actors, including firms, research institutions,
governments, and financial organizations [84]. Green innovation theory and ESG concepts
further emphasize that environmental friendliness and institutional coordination are core
mechanisms for achieving high-quality green development.

At the node level, firms’ R&D input and output capacity are important indicators for
measuring green technology accumulation and commercialization. Among them, the num-
ber of patents and the patent commercialization rate reflect the practical implementation
capacity of R&D outputs [5,85–87]. In addition, talent development reveals the speed of
innovation resource accumulation and the level of talent pipeline construction from the
perspectives of human capital and financial input. It reflects firms’ endogenous innovation
potential in the green transition [88,89], and can be measured by the proportion of R&D
personnel and the proportion of employees with master’s or doctoral degrees. Green
enterprise certification can also be used to reflect firms’ environmental compliance and
ESG governance performance [90,91].

At the chain level, the institutional and resource environment constitutes a key founda-
tion for innovation diffusion. The intensity of industrial policy support, such as fiscal, tax,
and financial incentives, is a core external driver of innovation [92–94]. Infrastructure com-
pleteness determines the technological and logistical accessibility of green R&D, and serves
as a material prerequisite for supporting the long-term evolution of innovation [95,96].

At the network level, the diffusion rate of innovation culture reflects the breadth and
depth of the spread of environmental concepts and technical standards within the industrial
network. It is a key indicator for measuring the efficiency of green knowledge diffusion
and the vitality of the innovation ecosystem [97–99].

In summary, this study constructs a sustainable resilience indicator framework for the
NEV industry chain, including four primary dimensions and 23 secondary indicators, as
shown in Table 1. Detailed definitions, theoretical roles, measurement logic, and dimension-
level assignment rationales for all indicators are provided in Appendix A.

Table 1. Sustainable Resilience Indicator Framework and Indicator Descriptions for the NEV
Industry Chain.

Dimension Code Level Sub-Code Representative Indicators

Resistance R1

Node level
R1.1 Main business revenue and profit
R1.2 Inventory turnover rate
R1.3 Localization rate of key components

Chain level
R1.4 Adaptability to import and export market regulations
R1.5 Number of new energy vehicle supply chain participants

Network level R1.6 Collaborative network density and structural concentration

Adaptive Recovery R2

Node level
R2.1 NEV sales volume and year-on-year growth rate
R2.2 Production recovery period

Chain level
R2.3 Maturity of the industrial and trade environment
R2.4 Technological distance and geographical distance
R2.5 Substitutability of logistics channels

Network level R2.6 Network resource scheduling capacity

Autonomous
Controllability R3

Node level
R3.1 Dependence on imported raw materials
R3.2 Share of self-developed key core technologies

Chain level
R3.3 Revealed comparative advantage and trade competitive advantage
R3.4 Financial service capacity

Network level R3.5 Network betweenness centrality

Sustainable Innovation R4

Node level
R4.1 R&D input and output capacity
R4.2 Talent development
R4.3 Green enterprise certification

Chain level
R4.4 Industrial innovation policy support
R4.5 Maturity of scientific, technological, and digital infrastructure

Network level R4.6 Diffusion rate of innovation culture
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3.2. Research Method

To deeply examine the internal relationships and mechanisms among the dimensions
and specific indicators of resilience in the NEV industry chain, this study adopts an inte-
grated system analysis method combining DEMATEL, namely the Decision-Making Trial
and Evaluation Laboratory, and ISM, namely Interpretive Structural Modeling. This ap-
proach fully leverages the complementary advantages of the two methods. The sustainable
resilience of the NEV industry chain has the characteristics of a complex system, including
multidimensionality, strong interdependence, and nested hierarchy. Therefore, the focus of
this study is not to estimate the marginal effect of a single factor, but to identify key driving
factors and their transmission pathways. DEMATEL can capture the direction and strength
of influence among different indicators and identify the core drivers within the system [100].
ISM can further reveal the hierarchical relationships and structural levels among these
indicators [101]. By combining the two methods, this study can identify both the relative
importance and influence relationships of the indicators and the hierarchical progression
logic within the system. Therefore, the integrated DEMATEL-ISM approach is well suited
to the structured analysis of sustainable resilience in the NEV industry chain [101–103].

The specific implementation process is based on the 23 secondary resilience indicators
constructed in this study. First, experts from the new energy vehicle industry, including
corporate executives, researchers from research institutes, and experts from industry associ-
ations, are invited to form an expert consultation panel. Detailed information on the expert
consultation panel is provided in Appendix B. Through expert consultation, the pairwise
influence relationships among all indicators are evaluated, and the arithmetic mean of
expert scores is used to construct the initial direct influence matrix. Second, the direct influ-
ence matrix is normalized to eliminate differences in scale, and the total influence matrix
is then calculated. On this basis, the influencing and influenced degrees, centrality, and
causality are obtained, which helps clarify the importance and the influence relationships
among indicators in the resilience framework. Finally, the reflexive total influence matrix
and reachability matrix are constructed. By setting a threshold value λ, weak influence
relationships are removed, and the hierarchical levels of the indicators are identified. This
process ultimately reveals the internal relationships and hierarchical distribution of the
indicators in the sustainable resilience system of the NEV industry chain. The detailed
operational steps of the integrated DEMATEL–ISM analysis are provided in Appendix C.

4. Results Analysis
Based on the DEMATEL-ISM method, this study first invited 15 experts from the new

energy vehicle industry to form an expert consultation panel. Through the combination of
expert consultation and scientific calculation, the direct influence matrix was constructed.
The matrix was then transformed into the normalized influence matrix and the total
influence matrix according to the relevant calculation formulas. Based on the calculation
results, the influencing factors were further classified into different hierarchical levels to
clarify their interaction relationships and structural hierarchy.

4.1. Overall Analysis of the Four Dimensions
4.1.1. DEMATEL Results for the Four Dimensions

This section first analyzes the relationships among the four primary indicators, namely
resistance (R1), adaptive recovery (R2), autonomous controllability (R3), and sustainable
innovation (R4). The arithmetic mean of the scores assigned by all experts to each factor
was first calculated. The values were then rounded to four decimal places, resulting in the
direct influence matrix shown in Table 2, Panel A.
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Table 2. Influence Matrix of the Four Dimensions.

Matrix Dimension R1 R2 R3 R4

Panel A

R1 0 2.5333 2.6000 2.2000
R2 2.6000 0 2.7333 2.2667
R3 2.2667 2.3333 0 2.6667
R4 1.3333 1.7333 3.0000 0

Panel B

R1 0 0.3333 0.3421 0.2895
R2 0.3421 0 0.3596 0.2982
R3 0.2982 0.3070 0 0.3509
R4 0.1754 0.2281 0.3947 0

Panel C

R1 2.8696 3.2595 3.8561 3.4453
R2 3.2024 3.0913 3.9635 3.5379
R3 3.0549 3.1994 3.5519 3.4357
R4 2.6151 2.7679 3.3773 2.7675

To improve computational efficiency, the initial direct influence matrix was normalized
to ensure the stability of the calculation process and the reliability of the results. Specifically,
the initial direct influence matrix was standardized using the maximum row-sum normal-
ization method, generating the normalized influence matrix shown in Table 2, Panel B.

The total influence matrix was then obtained, as shown in Table 2, Panel C. The
total influence matrix reflects both direct and indirect influence relationships among the
indicators. It provides the basis for calculating the influencing and influenced degrees,
centrality, and causality.

After obtaining the total influence matrix, we calculate the influencing and influenced
degrees, centrality, and causality of each indicator to evaluate its relative importance and
classify its attribute within the sustainable resilience indicator framework. The results are
shown in Table 3.

Table 3. DEMATEL Calculation Results for the Four Dimensions.

Influencing Factor Influencing Degree (D) Influenced Degree (R) Centrality (D + R) Causality (D − R) Indicator Attribute

R1 13.4304 11.7420 25.1724 1.6884 Cause factor
R2 13.7952 12.3180 26.1132 1.4772 Cause factor
R3 13.2419 14.7488 27.9907 −1.5069 Effect factor
R4 11.5278 13.1864 24.7142 −1.6586 Effect factor

Based on the DEMATEL results, autonomous controllability (R3, 27.9907) ranks first in
terms of centrality (D + R). This indicates that it serves as a core linkage dimension in the
industry chain resilience framework and has strong interactions with the other dimensions.
Adaptive recovery (R2, 26.1132) and resistance (R1, 25.1724) follow, suggesting that they
play important roles in responding to external shocks and supporting system recovery.
Sustainable innovation (R4, 24.7142) has a relatively lower centrality value, but it remains
closely related to long-term green transition and continuous upgrading.

In terms of causality (D − R), resistance (R1, +1.6884) and adaptive recovery
(R2, +1.4772) can be regarded as relatively active-influence dimensions. Resistance forms
the “first line of defense” through node redundancy and localized configuration, while
adaptive recovery reflects firms’ rapid response and capacity rebuilding capabilities. In the
expert judgment matrix, these two dimensions tend to exert stronger influence on the other
dimensions. By contrast, autonomous controllability (R3, −1.5069) and sustainable innova-
tion (R4, −1.6586) can be regarded as relatively affected dimensions, indicating that their
formation depends more on the joint support of other capabilities. Further observation of
the total influence matrix shows a relatively strong relationship between adaptive recovery
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and autonomous controllability. This suggests that dynamic recovery capability may be
an important condition for supporting the formation of strategic autonomy. Overall, the
four dimensions show a structural relationship in which basic protection and dynamic
adjustment support strategic autonomy and green innovation. This reflects the extension
of sustainable resilience in the NEV industry chain from short-term stable operation to
long-term security and green transition.

4.1.2. ISM Results for the Four Dimensions

Based on the above DEMATEL results, we further introduce a threshold λ to remove
weak influence relationships. In DEMATEL–ISM studies, λ is commonly determined based
on the mean and standard deviation of the total influence matrix, or through repeated
experimental comparisons [101,104]. Following the threshold-setting approach adopted by
Yang et al. (2026), this study sets the threshold as the mean of the total influence matrix
plus 0.5 times its standard deviation [101]. Unless otherwise specified, the thresholds used
in the subsequent ISM analyses are determined according to the same rule. This setting
provides a reasonable balance between filtering weak influence relationships and retaining
the main structural links. The reachability matrix constructed using this threshold is then
used to identify the hierarchical structure of the four dimensions within the framework.
The specific hierarchical classification is shown in Table 4.

Table 4. ISM Hierarchical Results of the Four Dimensions.

Level Indicators Attribute

1 R3, R4 Direct manifestation indicators

2 R1, R2 Foundational support indicators

(1) Foundational support indicators

Resistance and adaptive recovery serve as the front-end support of the resilience
framework. Through the combination of static defense and dynamic recovery, they provide
the foundation for improving the overall resilience capacity of the system. Resistance
strengthens the basis for shock resistance through “static buffering capacity.” It reduces
external resource dependence and mitigates the initial damage caused by sudden shocks,
such as geopolitical supply disruptions, through the localization of key components and the
optimization of collaborative networks. Its influence on both autonomous controllability
and sustainable innovation exceeds the threshold, indicating that it can provide a stable
operating environment for technological breakthroughs and green transition, and help
prevent basic supply disruptions from interrupting capacity building.

Adaptive recovery accelerates system repair and optimization through “dynamic
adjustment capacity.” By improving the industrial environment and coordinating network
resources, it supports resource integration and capacity recovery after shocks. It also creates
conditions for capability upgrading. Its influence on autonomous controllability is the
strongest among the four dimensions, suggesting that adaptive recovery acts as a key link
between “defensive loss reduction” and “capability upgrading.”

(2) Direct manifestation indicators

Autonomous controllability and sustainable innovation are direct manifestation indi-
cators within the sustainable resilience framework. Autonomous controllability has the
highest centrality value (27.9907), making it the core dimension of the system’s “strategic
control capacity.” The development of independent core technologies and the construction
of network hub positions depend on the resource support provided by resistance, such as
the stable supply of domestic components, as well as the dynamic efficiency provided by
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adaptive recovery, such as rapid supply chain adjustment to secure R&D inputs. Therefore,
autonomous controllability can be understood as a key structural component that connects
basic protection, adaptive adjustment, and strategic control within the resilience frame-
work. It indicates the shift of the industry chain from passive risk defense to more active
security control.

Sustainable innovation is a key dimension reflecting the system’s long-term adaptive
and transformative potential. The improvement of R&D investment and the development of
green firms depend on a stable supply chain supported by resistance, such as the continuous
supply of green production materials, and on the industrial environment supported by
adaptive recovery, such as policy adaptation that reduces innovation costs. Therefore, the
sustainable resilience of the NEV industry chain is not simply reflected in the speed of
post-shock recovery. Rather, it reflects the structural coordination among basic protection,
dynamic adjustment, strategic autonomy, and green innovation.

4.2. Analysis of Sub-Indicators Under the Resistance Dimension
4.2.1. DEMATEL Results for the Resistance Dimension

To avoid repeatedly presenting the calculation steps, the subsequent analysis of sub-
indicators under each dimension reports only the total influence matrix, DEMATEL results,
and ISM hierarchical classification results in the main text. The direct influence matrix
and normalized direct influence matrix are moved to the Appendix D. The total influence
matrix for the resistance dimension is shown in Table 5.

Table 5. Total Influence Matrix of the Resistance Dimension.

R1.1 R1.2 R1.3 R1.4 R1.5 R1.6

R1.1 1.0421 1.2257 1.2182 1.1814 1.2736 1.1819
R1.2 1.2126 1.0654 1.2240 1.1407 1.2549 1.1742
R1.3 1.3926 1.4399 1.2903 1.3927 1.5197 1.4303
R1.4 1.1530 1.1354 1.2202 1.0135 1.2505 1.1647
R1.5 1.2959 1.3631 1.3828 1.3256 1.2669 1.3694
R1.6 1.3111 1.3883 1.3828 1.3282 1.4468 1.1956

Based on the total influence matrix, we further calculate the influencing and influenced
degrees, centrality, and causality of each indicator. Table 6 shows the results.

Table 6. DEMATEL Calculation Results for the Resistance Dimension.

Indicator Influencing Degree (D) Influenced Degree (R) Centrality (D + R) Causality (D − R) Indicator Attribute

R1.1 7.1229 7.4074 14.5303 −0.2846 Effect factor
R1.2 7.0718 7.6177 14.6895 −0.5459 Effect factor
R1.3 8.4655 7.7183 16.1838 0.7471 Cause factor
R1.4 6.9372 7.3821 14.3193 −0.4448 Effect factor
R1.5 8.0037 8.0124 16.0161 −0.0086 Effect factor
R1.6 8.0528 7.5161 15.5689 0.5368 Cause factor

From the perspective of centrality (D + R), the localization rate of key components
(R1.3, 16.1838) has the highest value. This indicates that it has strong systemic connections
within the resistance dimension and tends to exert influence on other indicators. A higher
localization rate of key components can reduce external risks such as cross-border logistics
disruptions and overseas policy restrictions by improving the spatial controllability of
supply chain resources. Under sudden shocks, it helps form a domestic closed loop
between supply and demand.

Collaborative network density and structural concentration (R1.6) also functions as a
cause factor. This suggests that the structure of the industry chain collaboration network
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plays an important supporting role in the formation of resistance. Although the number
of NEV supply chain participants (R1.5) has a causality close to zero and appears as an
effect factor, its centrality is relatively high. This indicates that the diversification of supply
chain participants has a strong linking role within the resistance dimension. Main business
revenue and profit (R1.1), inventory turnover rate (R1.2), and adaptability to import and
export market regulations (R1.4) mainly reflect firm-level and operational manifestations of
system stability. Overall, the essence of the resistance dimension is not simply to increase
firm redundancy. Rather, it is to reduce the initial damage of external shocks to the industry
chain through the localization of key components, the diversification of supply chain
participants, and the optimization of collaborative networks.

4.2.2. ISM Results for the Resistance Dimension

We further apply ISM to classify the six indicators under the resistance dimension into
hierarchical levels. The classification results are shown in Table 7.

Table 7. ISM Hierarchical Results for the Resistance Dimension.

Level Indicators Attribute

1 R1.1, R1.2, R1.4 Direct manifestation indicators

2 R1.3, R1.5, R1.6 Foundational support indicators

(1) Foundational support indicators

The localization rate of key components (R1.3) is the most central foundational support
indicator in the resistance dimension. By improving localized production capacity in the
industry chain, it reduces dependence on imported key components at the source and
strengthens the basis for shock resistance. Collaborative network density and structural
concentration (R1.6) also belong to the foundational support layer. A supply network
with higher redundancy and stronger structural coordination can improve the flexibility of
resource allocation, strengthen structural resilience, and reduce the impact of local risks
on the overall industry chain. Although the number of NEV supply chain participants
(R1.5) is classified as an effect factor in the DEMATEL analysis, the ISM results place it in
the foundational support layer. This suggests that the scale and stability of supply chain
participants are closely related to the performance of the first two foundational indicators,
and changes in this indicator may also be reflected in the system’s risk resistance capacity.

(2) Direct manifestation indicators

By contrast, main business revenue and profit (R1.1), inventory turnover rate (R1.2),
and adaptability to import and export market regulations (R1.4) are located in the direct
manifestation layer. They mainly reflect the external manifestations of resistance building,
or more specifically, the firm-level manifestations of resistance.

This hierarchical structure suggests that resistance in the NEV industry chain cannot
be understood only through firm-level inventory or financial indicators. Firm-level opera-
tional stability and inventory buffers are important, but they rely more deeply on structural
support from key component localization, alternative supply sources, and industrial collab-
oration networks.

4.3. Analysis of Sub-Indicators Under the Adaptive Recovery Dimension
4.3.1. DEMATEL Results for the Adaptive Recovery Dimension

The adaptive recovery dimension (R2) reflects the ability of the NEV industry chain
to respond rapidly, restore production capacity, and maintain operational stability after
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sudden disturbances. Based on the DEMATEL method, the total influence matrix for the
adaptive recovery dimension is shown in Table 8.

Table 8. Total Influence Matrix of the Adaptive Recovery Dimension.

R2.1 R2.2 R2.3 R2.4 R2.5 R2.6

R2.1 1.9760 2.1407 1.7500 1.7912 1.9768 2.0232
R2.2 2.1295 1.9335 1.7200 1.7487 1.9118 1.9890
R2.3 2.3570 2.3483 1.7585 1.9767 2.1521 2.2521
R2.4 2.1530 2.1533 1.7692 1.6847 2.0124 2.0963
R2.5 2.1453 2.1633 1.7197 1.7749 1.8275 2.0702
R2.6 2.2927 2.2895 1.8275 1.9543 2.1506 2.0278

The DEMATEL calculation results are shown in Table 9.

Table 9. DEMATEL Calculation Results for the Adaptive Recovery Dimension.

Indicator Influencing Degree (D) Influenced Degree (R) Centrality (D + R) Causality (D − R) Indicator Attribute

R2.1 11.6579 13.0535 24.7113 −1.3956 Effect factor
R2.2 11.4324 13.0286 24.461 −1.5961 Effect factor
R2.3 12.8446 10.5449 23.3895 2.2997 Cause factor
R2.4 11.8689 10.9305 22.7994 0.9385 Cause factor
R2.5 11.7009 12.0312 23.732 −0.3303 Effect factor
R2.6 12.5425 12.4587 25.0013 0.0838 Cause factor

Table 9 shows that network resource scheduling capacity (R2.6) has the highest cen-
trality, indicating that it occupies a core linkage position within the adaptive recovery
dimension and has strong interactions with the other indicators. The maturity of the indus-
trial and trade environment (R2.3) has the highest causality and appears as a cause factor.
This suggests that the industrial environment, trade facilitation, and institutional support
play an important influence role in the formation of adaptive recovery. The causality of
technological distance and geographical distance (R2.4) is also positive, indicating that
technological linkages and spatial connectivity may affect resource sharing, information
transmission, and coordination efficiency during the recovery process.

By contrast, NEV sales volume and year-on-year growth rate (R2.1) and production
recovery period (R2.2) appear as effect factors. They mainly reflect the direct manifestations
of adaptive recovery at the market and production levels. Although the causality of R2.5
is slightly negative, its centrality remains at a moderate level, suggesting that logistics
channel substitution still plays an important linking role in the recovery process.

Overall, the adaptive recovery dimension is not simply a matter of how quickly
individual firms resume production. Rather, it reflects a process in which environmental
support strengthens resource scheduling, and resource scheduling further supports system
recovery. Together, these elements shape the dynamic recovery capacity of the NEV
industry chain.

4.3.2. ISM Results for the Adaptive Recovery Dimension

We further apply ISM to classify the six indicators under the adaptive recovery dimen-
sion into hierarchical levels. The results are shown in Table 10.
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Table 10. ISM Hierarchical Results for the Adaptive Recovery Dimension.

Level Indicators Attribute

1 R2.1, R2.2 Direct manifestation indicators

2 R2.5, R2.4 Intermediate transmission indicators

3 R2.6 Hub coordination indicators

4 R2.3 Foundational support indicators

(1) Foundational support indicators

The maturity of the industrial and trade environment (R2.3) is located in the foun-
dational support layer and represents the “starting capacity” of adaptive recovery. This
suggests that adaptive recovery first depends on relatively mature industrial supporting
conditions, trade facilitation, policy support, and the institutional environment. A sound
industrial and trade environment can provide basic conditions for resource reorganization,
supply coordination, and market recovery after shocks.

(2) Hub coordination indicators

Network resource scheduling capacity (R2.6) acts as a coordinating hub that links the
lower and upper layers. Its high centrality reflects its key role in coordinating resources and
connecting different links. After a shock, the industry chain often faces multiple pressures,
such as resource shortages, production bottlenecks, and logistics disruptions. Strong
network resource scheduling capacity can support multi-node and multi-path resource
allocation. When a core supplier is disrupted, an efficient resource scheduling system can
activate alternative suppliers or substitute capacity within a short period, helping prevent
local risks from spreading to the whole industry chain.

(3) Intermediate transmission indicators

Technological distance and geographical distance (R2.4), together with substitutability
of logistics channels (R2.5), are located in the intermediate transmission layer. This indicates
that knowledge linkages, spatial proximity, and diversified logistics routes jointly affect
coordination efficiency and path flexibility during the recovery process.

(4) Direct manifestation indicators

NEV sales volume and year-on-year growth rate (R2.1) and production recovery period
(R2.2) are direct manifestation indicators. They reflect adaptive recovery at the market and
production levels, respectively. R2.1 reflects market feedback and is influenced by resource
scheduling, logistics substitution, and the industrial environment. The recovery of sales
can further promote market-side repair. R2.2 measures production efficiency, and its length
depends on resource access, capacity restart, and upstream and downstream coordination.
These two indicators are not merely passive responses. They may also encourage firms to
expand capacity layout, strengthen market confidence, and form a positive internal cycle
within the system.

These results suggest that the governance of adaptive recovery should move beyond
emergency response by individual firms. It should further include industrial environ-
ment building, resource scheduling, and channel substitution mechanisms at the industry
chain level.

4.4. Analysis of Sub-Indicators Under the Autonomous Controllability Dimension
4.4.1. DEMATEL Results for the Autonomous Controllability Dimension

The autonomous controllability dimension (R3) focuses on the core capability of the
NEV industry chain to maintain system control and stability under external uncertainty,
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such as technological blockades, raw material supply disruptions, and international trade
frictions. In essence, autonomous controllability aims to reduce dependence on the external
environment through the coordination of technology, resources, finance, and networks,
thereby enabling the industry chain to achieve autonomous decision-making, autonomous
security, and autonomous competition. This section further measures the collaborative
relationships among its five core sub-indicators. The specific results are shown in Table 11.

Table 11. Total Influence Matrix of the Autonomous Controllability Dimension.

R3.1 R3.2 R3.3 R3.4 R3.5

R3.1 1.7620 1.9577 2.2112 1.4821 1.7736
R3.2 2.1788 1.9727 2.4720 1.6485 2.0086
R3.3 2.2522 2.2821 2.3205 1.7264 2.0895
R3.4 1.8487 1.8869 2.1547 1.3254 1.7735
R3.5 2.1115 2.0560 2.3702 1.6311 1.7591

The DEMATEL calculation results are shown in Table 12.

Table 12. DEMATEL Calculation Results for the Autonomous Controllability Dimension.

Indicator Influencing Degree (D) Influenced Degree (R) Centrality (D + R) Causality (D − R) Indicator Attribute

R3.1 9.1866 10.1532 19.3398 −0.9665 Effect factor
R3.2 10.2804 10.1553 20.4357 0.1251 Cause factor
R3.3 10.6707 11.5286 22.1993 −0.858 Effect factor
R3.4 8.9891 7.8133 16.8024 1.1758 Cause factor
R3.5 9.9278 9.4043 19.3321 0.5236 Cause factor

Table 12 shows that revealed comparative advantage and trade competitive advantage
(R3.3) has the highest centrality, indicating that it is most closely connected with the other
indicators in the autonomous controllability dimension. Financial service capacity (R3.4)
and network betweenness centrality (R3.5) both have positive causality values, suggesting
that financial support and network hub positions play important influence roles in the
formation of autonomous controllability. The share of self-developed key core technologies
(R3.2) also appears as a cause factor, but its causality is relatively small. This suggests that it
not only influences other indicators to some extent, but is also shaped by financial support
and network coordination conditions.

Overall, autonomous controllability cannot be achieved simply through technological
breakthroughs by individual firms. It requires coordination among financial supply, core
technology development, network coordination, and trade competitive advantage. Depen-
dence on imported raw materials (R3.1), as an effect factor, reflects changes in resource-side
vulnerability under the combined effects of these indicators.

4.4.2. ISM Results for the Autonomous Controllability Dimension

We further apply ISM to classify the five indicators under the autonomous controlla-
bility dimension into hierarchical levels. The results are shown in Table 13.

Table 13. ISM Hierarchical Results for the Autonomous Controllability Dimension.

Level Indicators Attribute

1 R3.1, R3.2, R3.3 Direct manifestation indicators

2 R3.4, R3.5 Foundational support indicators
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(1) Foundational support indicators

Financial service capacity (R3.4) and network betweenness centrality (R3.5) are located
in the foundational support layer of the autonomous controllability dimension. Financial
service capacity (R3.4) supports key technology R&D through improved financial mecha-
nisms, such as supply chain finance, green credit, and industrial funds. It also strengthens
upstream and downstream resource procurement and market expansion, thereby enhanc-
ing the strategic autonomy of the system. Network betweenness centrality (R3.5) reflects
the coordinating hub position of the industry chain. Firms with higher betweenness
centrality can coordinate information flows, capital flows, and logistics flows across the
industry chain, promote upstream and downstream collaboration, and dynamically allocate
resources under external shocks. This helps balance supply chain control and autonomy.

(2) Direct manifestation indicators

Dependence on imported raw materials (R3.1), share of self-developed key core
technologies (R3.2), and revealed comparative advantage and trade competitive advantage
(R3.3) are located in the upper layer of the structure and serve as direct manifestation
indicators. The share of self-developed key core technologies (R3.2) reflects the core of
technological self-reliance. Increasing this share can help reduce external dependence in
key areas such as battery management systems and high-voltage electric drive control chips,
and mitigate chokepoint risks. Revealed comparative advantage and trade competitive
advantage (R3.3) reflects the market and trade manifestations of autonomous innovation
and industry chain coordination. Strong trade competitiveness helps firms gain greater
initiative in global supply chains and reduce risks from external market fluctuations.
Dependence on imported raw materials (R3.1) reflects resource-side vulnerability, such
as dependence on imported lithium, cobalt, and nickel. Its changes are jointly related to
technological breakthroughs, financial support, and network coordination, and it directly
reflects a weak point in autonomous controllability.

The hierarchical structure of this dimension shows that improving autonomous con-
trollability cannot rely only on firm-level technology R&D. It also requires foundational
support from the financial system and the industrial network structure. In other words,
autonomous controllability is the result of the joint effects of resources, technology, finance,
and networks.

4.5. Analysis of Sub-Indicators Under the Sustainable Innovation Dimension
4.5.1. DEMATEL Results for the Sustainable Innovation Dimension

The sustainable innovation dimension (R4) reflects the ability of NEV firms to promote
green technology R&D, technology commercialization, and talent support during the green
transition. Based on the DEMATEL calculation results, the total influence matrix for the
sustainable innovation dimension is shown in Table 14.

Table 14. Total Influence Matrix of the Sustainable Innovation Dimension.

R4.1 R4.2 R4.3 R4.4 R4.5 R4.6

R4.1 1.8805 2.0129 1.8111 1.8292 1.7639 1.7527
R4.2 1.9611 1.7092 1.7018 1.7111 1.6530 1.6467
R4.3 1.4537 1.4019 1.2049 1.3173 1.2933 1.2386
R4.4 2.1168 2.0156 1.8655 1.6953 1.7783 1.7731
R4.5 1.9968 1.9467 1.8084 1.7755 1.5623 1.6637
R4.6 2.0011 1.9466 1.8320 1.7940 1.7022 1.5518

The DEMATEL calculation results are shown in Table 15.
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Table 15. DEMATEL Calculation Results for the Sustainable Innovation Dimension.

Indicator Influencing Degree (D) Influenced Degree (R) Centrality (D + R) Causality (D − R) Indicator Attribute

R4.1 11.0504 11.4101 22.4604 −0.3597 Effect factor
R4.2 10.3829 11.0329 21.4157 −0.6500 Effect factor
R4.3 7.9096 10.2237 18.1334 −2.3141 Effect factor
R4.4 11.2445 10.1223 21.3668 1.1222 Cause factor
R4.5 10.7535 9.7531 20.5065 1.0004 Cause factor
R4.6 10.8277 9.6266 20.4542 1.2011 Cause factor

Table 15 shows that R&D input and output capacity (R4.1) has the highest centrality,
indicating that it is the most closely connected indicator within the sustainable innovation
dimension. Industrial innovation policy support (R4.4), maturity of scientific, technological,
and digital infrastructure (R4.5), and diffusion rate of innovation culture (R4.6) are all cause
factors. This suggests that sustainable innovation is supported not only by firms’ own R&D
input, but also by the policy environment, technological platforms, and the innovation
network atmosphere. By contrast, R&D input and output capacity (R4.1), talent develop-
ment (R4.2), and green enterprise certification (R4.3) appear as effect factors. This indicates
that green innovation activities, talent accumulation, and green governance performance
are more likely to be associated with the joint support of policy incentives, infrastructure
development, and network-based knowledge diffusion. Overall, the sustainable innovation
dimension presents a structural relationship in which policy and infrastructure support,
knowledge diffusion, and innovation implementation are closely connected. This reflects
the systemic and ecological nature of green innovation capability.

4.5.2. ISM Results for the Sustainable Innovation Dimension

We further apply ISM to classify the six indicators under the sustainable innovation
dimension into hierarchical levels. The results are shown in Table 16.

Table 16. ISM Hierarchical Results for the Sustainable Innovation Dimension.

Level Indicators Attribute

1 R4.1, R4.2, R4.3 Direct manifestation indicators

2 R4.4, R4.5, R4.6 Foundational support indicators

(1) Foundational support indicators

Table 16 shows that industrial innovation policy support (R4.4), maturity of scientific,
technological, and digital infrastructure (R4.5), and diffusion rate of innovation culture
(R4.6) are located in the foundational support layer. Together, they form the institutional,
infrastructural, and network foundations of sustainable innovation. Industrial innovation
policy support guides the concentration of innovation resources through fiscal incentives,
green finance, and support for technology transformation. The maturity of scientific,
technological, and digital infrastructure provides basic conditions for R&D, testing, data
flows, and intelligent manufacturing. The diffusion rate of innovation culture reflects the
diffusion capacity of green concepts, technical standards, and innovation knowledge within
the industry network.

(2) Direct manifestation indicators

R&D input and output capacity (R4.1), talent development (R4.2), and green enterprise
certification (R4.3) are located in the direct manifestation layer. They can be understood
as firm-level manifestations of sustainable innovation practices. R&D input and output
capacity (R4.1) reflects the efficiency of innovation resource allocation and the level of
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output transformation. It is a core manifestation of technological breakthroughs and mar-
ket innovation. Talent development (R4.2) measures the supply capacity of high-level
innovative talent. It reflects the “human resource reserve” for innovation and is closely
related to policy incentives and infrastructure support. It also provides continuous support
for subsequent R&D input and affects the continuity of technology development and the
innovation ecosystem. Green enterprise certification (R4.3) reflects the degree to which
firms integrate innovation strategy with green transition. It reflects the “sustainable value”
of innovation and serves as a direct indicator for evaluating sustainable development
capacity. The foundational support indicators jointly support these three direct manifes-
tation indicators, which together represent the micro-level manifestations of sustainable
innovation practices.

4.6. Analysis of the Overall Hierarchical Structure of the Sustainable Resilience Framework

Based on the DEMATEL–ISM results for the indicators under each dimension, we
construct the overall hierarchical structure model of sustainable resilience indicators, as
shown in Figure 1. In the model, directed lines represent the reachability relationships
among indicators. Lower-level indicators play more foundational roles and may influence
upper-level indicators through hierarchical transmission, while upper-level indicators are
the direct manifestations of sustainable resilience.

Figure 1. Overall Hierarchical Structure Model.

From the three-level structure of nodes, chains, and networks, the distribution of
indicators in the hierarchical structure model shows a relatively clear pattern. The specific
analysis is as follows.

(1) Network-level indicators are mostly concentrated in the foundational support layer

As indicators at the macro-level industrial ecosystem, network-level indicators are
mainly located in the foundational support layer of the hierarchical structural model.
Examples include R1.6, collaborative network density and structural concentration; R2.6,
network resource scheduling capacity; R3.5, network betweenness centrality; and R4.6,
diffusion rate of innovation culture. This result suggests that the sustainable resilience
of the NEV industry chain does not mainly depend on the isolated defense capacity of

https://doi.org/10.3390/su18136596

https://doi.org/10.3390/su18136596


Sustainability 2026, 18, 6596 23 of 45

individual firms. Instead, it relies more on whether the industrial network can provide
diversified connections, alternative paths, resource scheduling, and knowledge diffusion
mechanisms. The core value of network-level indicators lies in building a macro-level
collaborative ecosystem. Their role is foundational, and they need to be optimized through
top-level design so that they can provide continuous support for the chain level and the
node level.

(2) Chain-level indicators are mainly distributed in the foundational support layer and
the intermediate layer

As meso-level indicators connecting the macro network and micro nodes, chain-level
indicators mainly play deep support and transmission roles in the hierarchical structural
model. They also serve as important channels linking network-level coordination with
node-level practices and operational conditions. These indicators act as the resource
scheduling hubs and institutional linkage mechanisms of the resilience framework. Ex-
amples include R1.3, localization rate of key components; R2.3, maturity of the industrial
and trade environment; and R4.4, industrial innovation policy support. These indicators
help transform macro-level network capacity into meso-level chain capacity by optimizing
resource allocation, reducing institutional barriers, strengthening policy guidance, and
supporting technology platform development. In this way, they provide structural support
for maintaining the stable operation of the NEV industry chain under external shocks.

(3) Node-level indicators are mainly concentrated in the direct manifestation layer

As micro-level firm indicators, node-level indicators represent the implementation end
of the resilience framework. Most of them are located in the direct manifestation layer of
the hierarchical structural model. Examples include R1.1, main business revenue and profit;
R2.1, NEV sales volume and year-on-year growth rate; R3.1, dependence on imported
raw materials; and R4.3, green enterprise certification. This indicates that, after short-term
shocks, the resilience status of the industry chain is more directly reflected in firm-level
manifestations such as operating performance, market response, and green transition.
This does not mean that firm-level resilience is unimportant. Rather, it suggests that
firm-level resilience is often the external manifestation of network coordination and chain-
level support. Firms are the main actors that implement resilience capabilities, but their
performance is jointly shaped by upstream resources, supply networks, the institutional
environment, financial support, and the innovation ecosystem.

Overall, the hierarchical structural relationships of sustainable resilience in the NEV
industry chain follow a basic logic in which network coordination provides the foundation,
chain-level mechanisms serve as the transmission channel, and node-level capabilities
constitute the implementation side of the framework. This result indicates that resilience
governance should not remain limited to the inventory, financial, and production recovery
capacity of individual firms. It should move toward collaborative governance across firms,
regions, and industry chain links. In particular, network-based governance is needed in
areas such as critical mineral security, core technology breakthroughs, logistics channel
substitution, battery recycling networks, and green innovation platform development, so
as to improve the overall security, controllability, and sustainability of the industry chain.

5. Conclusion and Discussion
5.1. Research Conclusions

Through literature review and expert consultation, this study develops a sustainable
resilience indicator framework for the NEV industry chain, including four dimensions,
namely resistance, adaptive recovery, autonomous controllability, and sustainable inno-
vation, and 23 secondary indicators. Based on scoring data from 15 industry experts,
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this study further applies the integrated DEMATEL–ISM method to analyze the influence
relationships and hierarchical structure among these indicators. The main conclusions are
as follows.

First, the formation of sustainable resilience in the NEV industry chain is not the result
of improving a single capability. Instead, it follows an evolutionary logic of “basic pro-
tection, dynamic recovery, strategic autonomy, and continuous iteration”. Resistance and
adaptive recovery constitute the basic capabilities that help the industry chain maintain
stable operation and make dynamic adjustments under external shocks. Autonomous
controllability and sustainable innovation reflect higher-level capabilities through which
the industry chain moves from passive recovery toward strategic security and green trans-
formation. These four capabilities show clear progressive and coordinated relationships.

Second, the four dimensions show differentiated structural paths. Specifically, the
resistance dimension reflects a path of “localized and diversified resources-optimized net-
work collaboration-firm operational stability.” The adaptive recovery dimension reflects
a hierarchical structural relationship of “policy environment support-network resource
scheduling-market recovery.” The autonomous controllability dimension reflects a struc-
tural relationship of “financial support-technological breakthroughs-trade competitive
advantage.” The sustainable innovation dimension reflects a path of “policy and infrastruc-
ture support- knowledge diffusion-firm-level innovation implementation.” These findings
suggest that different resilience capabilities are not homogeneous. Instead, they perform
different functions in resource assurance, recovery coordination, strategic control, and
green transition.

Third, the three-level structure of “nodes, chains, and networks” shows a relatively
clear hierarchical distribution in the sustainable resilience framework of the NEV industry
chain. Network-level indicators mostly act as foundational support indicators. Chain-
level indicators mainly perform transmission and linkage functions. Node-level indicators
are more often direct manifestation indicators. This indicates that improving resilience
in the NEV industry chain cannot rely only on optimizing the capabilities of individual
firms. It requires coordinated efforts across the industrial network ecosystem, chain-level
coordination mechanisms, and node-level implementation performance. Firms are the
main actors that implement resilience capabilities, but firm-level operational recovery,
technological breakthroughs, and green transition often depend on network coordination
and chain-level support.

Fourth, network structure indicators play an important foundational support role in
the sustainable resilience framework of the NEV industry chain. Network-level indicators,
such as collaborative network density and structural concentration, network resource
scheduling capacity, network betweenness centrality, and diffusion rate of innovation
culture, show strong foundational or coordinating roles across different dimensions. This
suggests that resilience improvement in the NEV industry chain should not be understood
only as a matter of internal firm risk management. It should also be examined from the
perspective of industrial network governance. Issues such as critical mineral security,
logistics channel substitution, core technology platform coordination, battery recycling
networks, and green knowledge diffusion all require collaborative governance across firms,
regions, and industry chain links. Therefore, the focus of sustainable resilience governance
in the NEV industry chain should move from passive defense by individual firms toward
systematic coordination at the industry chain network level.

Fifth, autonomous controllability occupies a core linkage position in the sustainable
resilience framework of the NEV industry chain. The overall analysis of the four dimen-
sions shows that autonomous controllability has the highest centrality, indicating that it
has strong interactions with resistance, adaptive recovery, and sustainable innovation. Au-
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tonomous controllability does not only mean reducing import dependence or increasing the
share of self-developed key technologies. Rather, it is a comprehensive capability formed
through the joint support of resource assurance, technological capability, financial support,
network coordination, and trade competitive advantage. For the NEV industry chain,
autonomous controllability reflects the requirement of security and controllability, and also
provides important support for green innovation and long-term sustainable development.

5.2. Theoretical Contributions

The theoretical contributions of this study are mainly reflected in the following
three aspects.

First, from the perspective of sustainable resilience, this study constructs an integrated
analytical framework of four-dimensional capabilities and three-level structures for the
NEV industry chain. In doing so, it advances industry chain resilience research from the
identification of individual capabilities toward the analysis of system structure. Exist-
ing classic studies often define supply chain resilience as a system’s capability to prevent,
respond to, and recover from disruption shocks, with a focus on vulnerability control, recov-
ery efficiency, and redundancy allocation [38,105,106]. This research tradition provides an
important foundation for understanding how supply chains respond to disturbances. How-
ever, it remains largely centered on the shock-recovery logic, while paying relatively limited
attention to the long-term evolutionary dimensions of industry chains, such as green transi-
tion, technological substitution, and strategic control. Building on these studies, this study
incorporates resistance, adaptive recovery, autonomous controllability, and sustainable
innovation into a unified framework, and further embeds them into a three-level structure
of nodes, chains, and networks. In this way, the resilience of the NEV industry chain is
defined as a systemic capability that combines defense, recovery, control, and continuous
evolution. This framework not only extends the recovery-oriented perspective of tradi-
tional resilience research, but also responds to the recent theoretical trend in international
research toward the integration of supply chain resilience and sustainable development.

Second, this study constructs a sustainable resilience indicator framework that better
fits the resource dependence, technological intensity, and low-carbon transition require-
ments of the NEV industry chain. It therefore enriches the contextualized measurement
of sustainable resilience. Existing studies have begun to examine the measurement of
supply chain resilience and have operationalized it through dimensions such as flexibility,
redundancy, visibility, and collaboration [17,81]. However, many indicator systems are
still based on general manufacturing industries or common supply chains. They pay in-
sufficient attention to the critical resource dependence, core technology bottlenecks, green
governance pressure, and recycling requirements faced by strategic emerging industries.
The sustainable resilience of the NEV industry chain is not only a matter of supply security
or production recovery. It also involves the stability and recycling of critical minerals,
power battery recycling, green technology innovation, low-carbon infrastructure, green en-
terprise certification, innovation talent development, and collaborative governance across
the industry chain. Based on this context, this study incorporates indicators such as the
localization rate of key components, network resource scheduling capacity, green enterprise
certification, and diffusion rate of innovation culture into the framework. This makes
the measurement of resilience more consistent with the actual operating logic of the NEV
industry chain. The framework captures not only industrial security and operational stabil-
ity, but also green transition, resource recycling, governance coordination, and long-term
innovation capacity. In this sense, this study places NEV industry chain resilience in the
broader context of sustainable transformation. It also responds to theoretical concerns in
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ESG, SDGs, and sustainable supply chain transformation research regarding environmental
responsibility, innovation capacity, and collaborative governance [107–110].

Third, based on the DEMATEL–ISM method, this study conducts exploratory model-
ing of the relative influence relationships and hierarchical structural relationships among
sustainable resilience indicators in the NEV industry chain. This provides a new analyti-
cal perspective for understanding the internal structure of resilience in complex industry
chains. Existing studies usually explain the sources of resilience from the perspectives
of resource redundancy, supply diversification, coordination mechanisms, and dynamic
adjustment capabilities. However, relatively limited attention has been paid to the in-
terrelationships and hierarchical structural positions of different capability elements in
complex industry chain systems. The analysis in this study shows that autonomous con-
trollability has high centrality in the four-dimensional capability framework and serves as
a key linkage between basic protection capabilities and sustainable innovation capabilities.
At the same time, network structure indicators, such as collaborative network density
and structural concentration, network resource scheduling capacity, network betweenness
centrality, and diffusion rate of innovation culture, show strong foundational support roles
across different dimensions. These findings suggest that resilience in the NEV industry
chain is not a simple aggregation of several firm-level capabilities. Rather, it should be
understood as a systemic property associated with the management of key dependencies,
the capacity for resource integration and reconfiguration, and the structure of industrial
networks. These findings echo the classic view of dynamic capability theory on resource
sensing, integration, and reconfiguration [37]. They also connect with discussions in social
network theory and regional resilience research on network position, structural linkages,
and system adaptation [111,112]. Therefore, this study advances the contextual application
of these classic theories in research on sustainable resilience in the NEV industry chain.

5.3. Management Implications

Based on the above findings, the governance of sustainable resilience in the NEV
industry chain should form a collaborative path with a clear division of responsibilities.
Different actors should make use of their respective resource, technology, logistics, policy,
and financial levers.

First, vehicle manufacturers and leading firms in the industry chain should strengthen
supply source diversification, key component localization, and coordination across the
industry chain. The results show that the localization rate of key components, the number
of supply chain participants, and the collaborative network structure play important
foundational support roles in the resistance dimension. Therefore, leading firms should
not rely only on short-term inventory or single-supplier management to improve resilience.
Instead, they should enhance the stable operation of the industry chain through multi-
supplier arrangements, localized core components, alternative key materials, and upstream
and downstream coordination mechanisms.

Second, battery firms and key component suppliers should improve sustainable
resilience around resource security, self-developed technologies, and recycling. Power
batteries, automotive-grade chips, electronic control systems, and key materials are im-
portant bottleneck links in the NEV industry chain. Relevant firms should strengthen
the supply assurance of critical minerals, material substitution, battery management sys-
tem R&D, domestic substitution of core components, and waste battery recycling. Re-
source security, technological autonomy, and recycling should be integrated into long-term
capability building.

Third, logistics providers and supply chain service providers should improve route
substitutability, emergency coordination, and cross-regional resource scheduling capacity.
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The results for the adaptive recovery dimension show that network resource scheduling
capacity and the substitutability of logistics channels are important factors affecting re-
covery efficiency. Therefore, logistics and supply chain service providers should establish
combined transport plans involving railways, roads, waterways, and air transport. They
should also improve the ability to switch among different transport channels and use digital
platforms to enhance the visibility of orders, inventories, transportation, and production
capacity information.

Fourth, technology suppliers, universities, research institutions, and innovation plat-
forms should promote R&D cooperation, green technology diffusion, and the construction
of common technology platforms. The results for the sustainable innovation dimension
show that industrial innovation policy support, scientific, technological, and digital in-
frastructure, and the diffusion rate of innovation culture are important supports for green
innovation. Therefore, actors in the innovation system should promote joint R&D, testing
and validation platforms, open laboratories, and knowledge-sharing mechanisms in areas
such as low-carbon materials, battery recycling, intelligent manufacturing, the industrial
internet, and green technology standards.

Fifth, policymakers, financial institutions, and industry associations should provide
institutional, financial, and collaborative governance support for sustainable resilience
in the industry chain. Government departments can improve the external support envi-
ronment through critical mineral security strategies, power battery recycling standards,
carbon footprint accounting, green manufacturing standards, industrial funds, and green
credit. Financial institutions can provide long-term funding for key technology R&D,
green manufacturing, and supply chain coordination. Industry associations and industrial
alliances can serve as platforms for standard setting, information sharing, risk warning,
and cross-firm collaboration.

Overall, the governance of sustainable resilience in the NEV industry chain should
shift from passive defense by individual firms to system-wide coordination involving
multiple actors. Different actors should work together based on their respective governance
levers to improve the security, controllability, and sustainability of the industry chain.

5.4. Limitations and Future Research

Although this study constructs an analytical framework for the resilience of the NEV
industry chain, it still has the following limitations.

First, this study has limitations in terms of data sources, indicator validation, expert
consensus, and reliability assessment. The direct influence matrix was mainly constructed
based on expert scoring. Although expert consultation can reflect industry experience and
professional judgment, the professional background, knowledge structure, and subjective
cognition of different experts may still affect the stability of the results. The indicator
framework was developed through literature review, theoretical classification, and expert
consultation. However, this study did not conduct a formal multi-round Delphi procedure,
calculate a content validity index, or report quantitative agreement and reliability measures
such as Kendall’s W or Cronbach’s alpha. This is mainly because the expert scoring process
was designed for DEMATEL-based directional pairwise influence judgments rather than
for psychometric scale validation or simple item-importance rating. Each score represents
the perceived directional influence between two indicators, rather than repeated responses
to interchangeable measurement items.

In addition, this study did not conduct formal expert-group comparison analysis.
Although the expert panel included participants from firms, universities and research
institutes, and industry associations or consulting institutions, the number of experts in
each subgroup was relatively small. Therefore, subgroup-level comparison may produce

https://doi.org/10.3390/su18136596

https://doi.org/10.3390/su18136596


Sustainability 2026, 18, 6596 28 of 45

unstable results and may also weaken the anonymity of the expert consultation process.
For this reason, this study used the averaged expert judgment matrix as the basis for the
DEMATEL–ISM analysis. Nevertheless, the absence of quantitative validity, agreement,
reliability, and expert-group difference tests limits the statistical validation of the proposed
framework. Future research can expand the expert sample and adopt Delphi procedures,
content validity analysis, expert agreement tests, and expert-group comparison analysis to
further validate and refine the indicator framework.

Second, in terms of research methods, the DEMATEL–ISM method used in this study
is more suitable for revealing perceived influence relationships and hierarchical structures
within the system based on expert judgment. It cannot establish empirical causal rela-
tionships in a statistical, temporal, or experimental sense. Therefore, the influence paths
identified in this study should be interpreted as expert-evaluated structural relationships
rather than verified causal mechanisms. In addition, this method remains limited in cap-
turing the dynamic evolution of industry chain resilience under specific sudden shocks.
Future research can combine system dynamics, longitudinal data, event study methods, or
multi-stage case analysis to further examine capability evolution, feedback mechanisms,
and causal relationships in the NEV industry chain before, during, and after shocks.

Third, in terms of research context, the indicator framework in this study is mainly
constructed based on the development background of China’s NEV industry. It does not
fully consider differences in institutional environments, industrial organization modes,
and green governance models across countries and regions. Future research can test the
applicability of this indicator framework in cross-regional or cross-national comparative
settings, so as to improve the external explanatory power and international comparative
value of the study.

Fourth, in terms of sustainability scope, this study mainly develops an industry-
chain-oriented indicator framework for sustainable resilience in the NEV industry. The
framework is constructed based on the industry-specific characteristics discussed above,
including strong dependence on critical resources, high technological complexity, close
upstream and downstream linkages, supply chain coordination requirements, green inno-
vation pressure, resource circularity, and low-carbon transition. These issues are central to
the sustainable transition of the NEV industry chain and are closely related to the industrial
and technological foundations of resilience. However, we acknowledge that the indicator
framework remains primarily focused on industrial, technological, and environmental
dimensions of sustainable resilience. It gives relatively limited attention to the social dimen-
sion of sustainability, such as labor conditions, occupational welfare, community resilience,
environmental justice, regional inclusiveness, consumer responsibility, and social equity.
This limitation is partly related to the research objective of this study. Specifically, this study
aims to construct a context-specific indicator framework based on the current characteristics
of the NEV industry chain and to identify the hierarchical structural relationships among
key sustainable resilience factors through DEMATEL–ISM analysis. It does not aim to
develop a comprehensive ESG- or SDG-based sustainability assessment system. Therefore,
the proposed framework should be interpreted as an industry-chain-oriented sustainable
resilience framework for the NEV industry chain, rather than as a full sustainability eval-
uation framework. Future research can extend the framework by incorporating social
sustainability indicators that are more closely related to the NEV industry chain, such as
labor protection, occupational safety, community impacts, regional inclusion, and consumer
responsibility. This would allow future studies to examine more comprehensively how
environmental, social, and governance factors jointly shape sustainable resilience in the
NEV industry chain.
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Rationale for the Sustainable Resilience Indicators of the NEV
Industry Chain

https://doi.org/10.3390/su18136596

https://doi.org/10.3390/su18136596


Sustainability 2026, 18, 6596 30 of 45

Table A1. Detailed Definitions, Measurement Logic, and Assignment Rationale for the Sustainable Resilience Indicators of the NEV Industry Chain.

Dimension Code Level Sub-Code Representative
Indicators Short Definition Theoretical Role Measurement Logic Reason for Dimension and

Level Assignment

Resistance R1

Node level R1.1 Main business
revenue and profit

Measures the
operational robustness
and financial stability
of a firm.

Reflects the internal
resource base that
supports continuous
operation under
external shocks.

Measured by main
business revenue, profit,
profit margin, operating
cash flow, or related
financial indicators.

Assigned to Resistance because financial
robustness provides a basic buffer against
shocks; assigned to the node level because
it reflects firm-level resource capacity.

Node level R1.2 Inventory turnover
rate

Measures the efficiency
of inventory
management and the
availability of
inventory buffers.

Captures the balance
between operational
efficiency and
redundancy in
disruption scenarios.

Measured by inventory
turnover rate, inventory
turnover days, or the
safety stock level of key
components.

Assigned to Resistance because inventory
buffers help absorb short-term supply
disruptions; assigned to the node level
because inventory decisions are mainly
made within firms.

Node level R1.3 Localization rate of
key components

Measures the degree to
which key components
are supplied
domestically or locally.

Reflects the ability to
reduce external
dependence and
mitigate risks from
import restrictions or
geopolitical shocks.

Measured by the
localization rate of
batteries, electric control
systems, chips, and other
key components.

Assigned to Resistance because localized
supply enhances shock resistance;
assigned to the node level because it
reflects firm-level sourcing and
component-control capacity.

Chain level R1.4
Adaptability to
import and export
market regulations

Measures the ability to
respond to changes in
trade rules, market
access requirements,
and regulatory
barriers.

Reflects institutional
buffering capacity in
international market
disruptions.

Measured by exposure to
tariffs, export rebates,
customs efficiency, green
trade barriers, technical
standards, and market
access requirements.

Assigned to Resistance because
regulatory adaptability helps maintain
market stability under external shocks;
assigned to the chain level because it
concerns trade links between firms and
external markets.

Chain level R1.5

Number of new
energy vehicle
supply chain
participants

Measures the diversity
and availability of
suppliers and
supporting firms
across key supply
chain segments.

Reflects redundancy,
substitutability, and
the ability to avoid
single-source
dependence.

Measured by the number
of suppliers or partners
in key materials,
components, battery
systems, vehicle control
systems, and other
segments.

Assigned to Resistance because
diversified supply sources reduce
single-point failure risks; assigned to the
chain level because it reflects upstream
and downstream supply relationships.

Network level R1.6

Collaborative
network density and
structural
concentration

Measures the breadth
of inter-firm
collaboration and the
extent of dependence
on core nodes.

Reflects alternative
paths, coordination
capacity, and potential
bottlenecks in the
industrial network.

Measured by network
density, degree centrality,
structural concentration,
or dependence on core
nodes.

Assigned to Resistance because network
structure affects the system’s ability to
withstand node-level disruptions;
assigned to the network level because it
describes overall network configuration.
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Table A1. Cont.

Dimension Code Level Sub-Code Representative
Indicators Short Definition Theoretical Role Measurement Logic Reason for Dimension and

Level Assignment

Adaptive
Recovery R2

Node level R2.1
NEV sales volume
and year-on-year
growth rate

Measures market
recovery and firms’
post-shock sales
response.

Reflects the ability to
restore market
operation and respond
to demand after
disruptions.

Measured by NEV sales
volume, year-on-year
sales growth, market
share recovery, or order
recovery.

Assigned to Adaptive Recovery because
sales recovery indicates post-shock
functional restoration; assigned to the
node level because it reflects firm-level
market response.

Node level R2.2 Production recovery
period

Measures the time
required for a firm to
restore normal
production capacity
after disruption.

Reflects operational
repair, production
coordination, and
recovery speed.

Measured by the number
of days from production
suspension or disruption
to normal capacity
restoration.

Assigned to Adaptive Recovery because
shorter recovery periods indicate stronger
recovery capability; assigned to the node
level because production recovery occurs
primarily within firms.

Chain level R2.3
Maturity of the
industrial and trade
environment

Measures the
completeness of
industrial support,
trade facilitation, and
external recovery
conditions.

Reflects how
institutional and
industrial
environments support
post-shock recovery.

Measured by industrial
clustering, trade
facilitation, policy
support, financing
convenience, and
regional business
environment indicators.

Assigned to Adaptive Recovery because a
mature industrial and trade environment
accelerates recovery; assigned to the chain
level because it supports the reconnection
of upstream and downstream activities.

Chain level R2.4

Technological
distance and
geographical
distance

Measures the distance
between firms and key
technology sources,
suppliers, markets, or
logistics hubs.

Reflects knowledge
accessibility,
coordination efficiency,
and spatial conditions
for recovery.

Measured by
technological relatedness,
distance to R&D centers,
distance to key suppliers,
distance to production
bases, or distance to
logistics hubs.

Assigned to Adaptive Recovery because
shorter or more manageable distances
improve collaborative recovery; assigned
to the chain level because the indicator
concerns linkages among firms,
technologies, markets, and locations.

Chain level R2.5 Substitutability of
logistics channels

Measures the ability to
switch transportation
routes or logistics
modes during
disruption.

Reflects flexible
reconfiguration
capacity under
transportation
interruption or
regulatory control.

Measured by the number
of available logistics
channels, transport mode
diversity, alternative
route cost, and switching
time.

Assigned to Adaptive Recovery because
logistics substitutability supports
post-shock restoration; assigned to the
chain level because logistics connects
upstream and downstream segments.

Network level R2.6 Network resource
scheduling capacity

Measures the ability of
the industrial network
to coordinate and
reallocate resources
across nodes after
disruption.

Reflects the efficiency
of information flow,
material flow, and
cross-node resource
coordination.

Measured by closeness
centrality, average
shortest path length,
resource dispatching
response time, or
cross-node coordination
efficiency.

Assigned to Adaptive Recovery because
network-wide resource scheduling
supports system recovery; assigned to the
network level because it captures
coordination across multiple nodes.
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Table A1. Cont.

Dimension Code Level Sub-Code Representative
Indicators Short Definition Theoretical Role Measurement Logic Reason for Dimension and Level

Assignment

Autonomous
Controllability R3

Node level R3.1
Dependence on
imported raw
materials

Measures the extent to
which firms rely on
imported critical raw
materials.

Reflects exposure to
external resource
constraints and supply
security risks.

Measured by the import
share, source
concentration, or
external dependence of
lithium, cobalt, nickel,
graphite, and other
critical materials.

Assigned to Autonomous Controllability
because import dependence affects
resource control; assigned to the node
level because it reflects firm-level
sourcing dependence.

Node level R3.2
Share of
self-developed key
core technologies

Measures the
proportion of key
technologies
developed
independently by
firms.

Reflects technological
autonomy and the
ability to overcome
bottleneck
technologies.

Measured by the share of
self-developed core
technologies, self-owned
patents, self-developed
components, or
independently
developed platforms.

Assigned to Autonomous Controllability
because self-developed technologies
enhance strategic control; assigned to the
node level because technological R&D
capability is mainly embedded within
firms.

Chain level R3.3

Revealed
comparative
advantage and trade
competitive
advantage

Measures the
competitive position of
the industry chain in
international markets.

Reflects bargaining
power, global
substitution capacity,
and strategic
autonomy in
international division
of labor.

Measured by revealed
comparative advantage,
trade competitive
advantage index, export
share, or international
market share.

Assigned to Autonomous Controllability
because stronger trade competitiveness
supports strategic autonomy; assigned to
the chain level because it reflects the
position of the industry chain in global
value chains.

Chain level R3.4 Financial service
capacity

Measures the
availability of financial
support for R&D,
capacity expansion,
and supply chain
upgrading.

Reflects the financial
foundation for
technological
autonomy, industrial
upgrading, and risk
reserves.

Measured by access to
green credit, industrial
funds, supply chain
finance, R&D financing,
carbon finance, or
financing availability.

Assigned to Autonomous Controllability
because financial support enables
strategic control and long-term
substitution; assigned to the chain level
because it connects firms, financial
institutions, and policy systems.

Network level R3.5
Network
betweenness
centrality

Measures the extent to
which a node controls
key paths in the
industrial network.

Reflects resource
coordination capacity,
information brokerage,
and strategic influence
within the network.

Measured by
betweenness centrality in
supply, transaction,
collaboration, or
information networks.

Assigned to Autonomous Controllability
because central nodes have stronger
control over resource flows; assigned to
the network level because it describes a
node’s position in the overall network.
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Table A1. Cont.

Dimension Code Level Sub-Code Representative
Indicators Short Definition Theoretical Role Measurement Logic Reason for Dimension and Level

Assignment

Sustainable
Innovation R4

Node level R4.1 R&D input and
output capacity

Measures firms’
investment in R&D
and their innovation
outputs.

Reflects technological
accumulation and
green innovation
capacity.

Measured by R&D
intensity, number of
green patents, patent
grants, patent conversion
rate, or new technology
outputs.

Assigned to Sustainable Innovation
because R&D drives green technology
upgrading; assigned to the node level
because innovation investment and
outputs originate mainly from firms.

Node level R4.2 Talent development

Measures the quantity
and quality of
innovation-related
human capital.

Reflects the internal
human-capital
foundation for
long-term green
innovation.

Measured by the
proportion of R&D
personnel, share of
employees with master’s
or doctoral degrees,
technical staff growth, or
training investment.

Assigned to Sustainable Innovation
because talent supports continuous
innovation; assigned to the node level
because talent accumulation occurs
within firms.

Node level R4.3 Green enterprise
certification

Measures firms’
environmental
certification and green
governance status.

Reflects environmental
compliance, green
production capacity,
and ESG governance
foundation.

Measured by whether
firms have obtained
green factory
certification, green
supply chain
certification, ISO 14001,
carbon footprint
certification, or similar
qualifications.

Assigned to Sustainable Innovation
because green certification indicates
sustainable production and governance
capability; assigned to the node level
because certification is obtained by
individual firms.

Chain level R4.4 Industrial innovation
policy support

Measures the strength
of policy support for
industrial innovation
and green technology
development.

Reflects the external
institutional support
for innovation
diffusion and
technology
commercialization.

Measured by innovation
subsidies, tax incentives,
green finance policies,
technology
commercialization funds,
or the intensity of local
industrial policies.

Assigned to Sustainable Innovation
because policy support promotes green
innovation; assigned to the chain level
because policies affect coordination and
innovation diffusion across the industry
chain.
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Table A1. Cont.

Dimension Code Level Sub-Code Representative
Indicators Short Definition Theoretical Role Measurement Logic Reason for Dimension and Level

Assignment

Sustainable
Innovation R4 Chain level R4.5

Maturity of scientific,
technological, and
digital infrastructure

Measures the
availability of
technological
platforms and digital
infrastructure that
support innovation.

Reflects the basic
conditions for
technology transfer,
data flow, intelligent
manufacturing, and
green R&D.

Measured by the number
of R&D platforms,
engineering technology
centers, testing platforms,
5G coverage, industrial
internet platforms, or
regional digital economy
development.

Assigned to Sustainable Innovation
because infrastructure supports long-term
innovation; assigned to the chain level
because it connects firms, technology
platforms, and industrial resources.

Sustainable
Innovation R4 Network level R4.6 Diffusion rate of

innovation culture

Measures the spread of
green concepts,
technical standards,
and innovation
knowledge within the
industrial network.

Reflects knowledge
diffusion, collaborative
learning, and
innovation ecosystem
vitality.

Measured by joint R&D
activities, technical
training,
knowledge-sharing
events, co-patents, or the
diffusion degree of
innovation collaboration
networks.

Assigned to Sustainable Innovation
because innovation culture diffusion
supports sustainable transformation;
assigned to the network level because it
occurs through inter-organizational
networks.
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Appendix B. Composition of the Expert Consultation Panel, Selection
Criteria, and Scoring Procedure

To improve the transparency of the expert judgment data used in the DEMATEL–
ISM analysis, this appendix provides additional information on the composition of the
expert consultation panel, expert selection criteria, expert sources, geographic distribution,
scoring procedure, and potential conflicts of interest. A total of 15 experts related to the NEV
industry chain were invited to participate in the scoring process, including six industry
experts, five academic and research experts, and four experts from industry associations
and consulting institutions.

Table A2. Composition of the Expert Consultation Panel.

Category Group Number Percentage Description

Expert type Industry experts 6 40.00%

Industry experts mainly came from leading Chinese
NEV firms and related firms in the industry chain,
including vehicle manufacturing, power batteries,

key materials, and core components. They provided
practical perspectives on resource security,

technological autonomy, supply coordination, and
safety and controllability.

Academic and
research experts 5 33.30%

Academic and research experts mainly came from
Chinese key universities and research institutions,

including universities formerly included in China’s
Project 985 and Project 211. Their research areas

included supply chain resilience, the NEV industry
chain, industrial economics, green innovation, and

sustainable development.

Industry
association and

consulting experts
4 26.70%

Experts from industry associations and consulting
institutions mainly came from automobile industry

associations, local NEV industry associations,
industrial research institutions, and industrial

consulting institutions. They provided
supplementary perspectives on industrial

organization, policy environment, market practice,
and industry development trends.

Subtotal 15 100.00% —

Of which:
experience

profile
3–5 years 9 60.00%

Experts with stable practical, research, or consulting
experience related to the new energy vehicle industry

chain

More than 5 years 6 40.00%
Experts with relatively rich practical, research, or
consulting experience related to the new energy

vehicle industry chain

Subtotal 15 100.00% —

Note: To protect expert privacy, this study does not disclose expert names, full institutional affiliations, or other
identifiable information. Expert type is classified according to each expert’s main institutional affiliation and
professional background. Years of experience refer to practical, research, or consulting experience in fields related
to the new energy vehicle industry chain, supply chain management, industrial policy, technological innovation,
or sustainable development.

The experts were selected based on the following criteria:

(1) They had practical, research, or consulting experience related to the NEV industry
chain, supply chain management, industrial policy, green innovation, technological
innovation, or sustainable development;

(2) They were familiar with one or more key segments of the NEV industry chain, such
as vehicle manufacturing, power batteries, key materials, core component supply,
logistics services, recycling, industrial policy, or technological innovation;
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(3) They were able to understand the judgment requirements for assessing directional
influence relationships among indicators and independently complete the expert
scoring questionnaire.

In terms of expert sources, this study considered the complementarity of industry ex-
perts, academic and research experts, and experts from industry associations and consulting
institutions in terms of knowledge structure and practical experience. Specifically,

(1) Industry experts mainly came from leading Chinese NEV firms and related firms in
the industry chain, including vehicle manufacturers such as BYD and NIO, as well as
firms related to power batteries, key materials, and core components.

(2) Academic and research experts mainly came from Chinese key universities and
research institutions, including universities formerly included in China’s Project 985
and Project 211, which were national initiatives for developing leading universities
and key disciplines. Their research areas included supply chain resilience, the NEV
industry chain, industrial economics, green innovation, and sustainable development.

(3) The experts from industry associations and consulting institutions mainly came from
automobile industry associations, local NEV industry associations, industrial research
institutions, and industrial consulting institutions, such as the Guangdong New
Energy Vehicle Industry Association and relevant industrial consulting institutions in
the Yangtze River Delta region.

In terms of geographic distribution, the experts were mainly from regions where
China’s NEV industry chain is relatively concentrated, including the Yangtze River Delta,
the Pearl River Delta, and major NEV-related industrial areas in Central China. These
regions have relatively strong industrial foundations in vehicle manufacturing, power
batteries, key materials, core components, automotive electronics, intelligent connected
vehicles, and supporting industrial services. The participation of experts from different
regions helps reflect, to some extent, regional differences in industrial layout, supporting
capacity, market environment, and policy support within China’s NEV industry chain.

During the scoring process, all experts were provided with the expert scoring question-
naire entitled “Evaluation of Influencing Indicators of Industry Chain and Supply Chain
Resilience in NEV Firms” and the corresponding indicator descriptions. The experts were
asked to assess the directional pairwise influence relationships among indicators within the
same level based on their professional judgment. A 0–4 scale was used, where 0 indicates no
influence, 1 indicates weak influence, 2 indicates moderate influence, 3 indicates relatively
strong influence, and 4 indicates strong influence. In the scoring process, the row indicator
was always treated as the influencing indicator and the column indicator as the influenced
indicator. That is, experts judged the extent to which the row indicator influenced the
column indicator. Since the influence relationship between two indicators does not have
to be symmetric, experts were required to assess the influence intensity of A on B and B
on A separately. The diagonal elements of each matrix were uniformly set to zero. Each
expert assessed the influence relationships among the primary indicators and the influence
relationships among the secondary indicators within each dimension.

Regarding potential conflicts of interest, all experts participated in the consultation
voluntarily. The expert scores were used only for academic research. The research team did
not disclose any expected research conclusions to the experts and did not ask them to make
specific judgments. It was confirmed that the participating experts had no direct financial
interest in the findings of this study, and no major conflicts of interest that could affect the
independence of their judgments were identified.

To protect expert privacy, this study does not disclose expert names, full institutional
affiliations, specific positions, or other personally identifiable information. Expert types

https://doi.org/10.3390/su18136596

https://doi.org/10.3390/su18136596


Sustainability 2026, 18, 6596 37 of 45

were classified mainly based on their institutional background, work experience, and
professional fields.

Appendix C. Specific Steps of DEMATEL-ISM
At the operational level, this study follows seven steps to implement the integrated

DEMATEL-ISM analysis:

(1) Expert scoring and construction of the direct influence matrix.

Experts are invited to perform pairwise comparisons of resilience indicators by evalu-
ating the influence of indicator Si on Sj. The diagonal values of the direct influence matrix
are set to zero. To ensure objectivity, the final value assigned to each indicator is calculated
as the arithmetic mean of expert scores. The structure of the direct influence matrix is
expressed as Formula (A1):

A =


0 S12 · · · S1n

S21 0 · · · S2n
...

...
. . .

...
Sm1 Sm2 · · · 0

 (A1)

(2) Matrix normalization.

The direct influence matrix is normalized using the row sum maximum method to
facilitate the calculation of the total influence matrix and related influence metrics. The
normalized matrix is calculated using Formula (A2):

B =
A

max∑n
j = 1

1 ≤ i ≤ n

Sij
= (Bij) n × n (A2)

(3) Calculation of the total influence matrix.

According to the DEMATEL method, both direct and indirect effects are incorporated
to obtain the total influence of each factor on the system. The total influence matrix is
computed as shown in Formula (A3):

C = B(I − B)−1 (A3)

(4) Identification of influence relationships.

For each factor, four values are extracted: influence degree Ei, influenced degree Fi,
centrality Gi, and causality Hi. The influence degree is the row sum of the total influence
matrix, while the influenced degree is the column sum. Centrality reflects the overall degree
of association between an indicator and the system. Causality reflects whether an indicator
is more inclined to exert influence on other indicators or to receive influence from them.
A positive causality indicates that the indicator can be regarded as a cause factor, while a
negative value indicates that it can be regarded as an effect factor.

Ei =
n

∑
j=1

cij(i = 1, 2, · · · , n) (A4)

Fi =
n

∑
n=1

cij(i = 1, 2, · · · , n) (A5)

Gi = Ei + Fi (A6)
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Hi = Ei − Fi (A7)

(5) Construction of the self-feedback matrix.

The self-feedback matrix is obtained by adding the identity matrix to the total influence
matrix, which serves as a foundation for the subsequent reachability matrix.

Z = C + I (A8)

(6) Reachability matrix construction and identification of structural relationships.

The influence information derived from DEMATEL is processed through the ISM
method. A threshold λ is set to eliminate weak relationships, which facilitates the identifi-
cation of hierarchy levels. A binary reachability matrix J is generated, indicating directional
reachability relationships among indicators.

Jij =

{
1, Zij ≥ λ(i, j = 1, 2, · · · , n)
0, Zij < λ(i, j = 1, 2, · · · , n)

(A9)

(7) Hierarchical classification.

Based on the reachability matrix J, the reachable set P(Si) and the antecedent set Q(Si)

for each factor are derived. When P(Si) ∩ Q(Si) = P(Si), the factor Si is classified into the
current upper level of the system. After the upper-level indicators are removed, the same
procedure is repeated to identify the second level, the third level, and the remaining levels
until all indicators are classified. Through this hierarchical classification, foundational
support indicators, intermediate transition indicators, and direct manifestation indicators
can be identified.

L = {Si|P(Si) ∩ Q(Si) = P(Si)} (A10)

The core value of the integrated DEMATEL–ISM method lies in its ability to overcome
the limitations of using a single method that either emphasizes qualitative judgment while
giving insufficient attention to quantitative analysis, or emphasizes quantification while
neglecting structural interpretation. It can identify key indicators and clarify hierarchical
relationships at the same time, thereby providing a scientific and operational basis for
developing strategies to improve the resilience of the NEV industry chain.

Appendix D. Supplementary Matrices for the DEMATEL–ISM Analysis
This appendix reports the supplementary matrices used in the DEMATEL-ISM analysis.

Panel A reports the direct influence matrix based on the arithmetic mean of expert scores.
Panel B reports the normalized influence matrix obtained using the maximum row-sum
normalization method. Panel C reports the total influence matrix, which reflects both direct
and indirect influence relationships among the indicators. Panel D reports the reachability
matrix used for the ISM-based hierarchical classification. The threshold for each reachability
matrix is calculated separately based on the corresponding total influence matrix, using λ

= mean + 0.5 × standard deviation. These matrices provide the calculation basis for the
DEMATEL results and hierarchical classification reported in the main text.
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Table A3. Supplementary Matrices for the Four Primary Dimensions.

Matrix Dimension R1 R2 R3 R4

Panel A

R1 0 2.5333 2.6000 2.2000
R2 2.6000 0 2.7333 2.2667
R3 2.2667 2.3333 0 2.6667
R4 1.3333 1.7333 3.0000 0

Panel B

R1 0 0.3333 0.3421 0.2895
R2 0.3421 0 0.3596 0.2982
R3 0.2982 0.3070 0 0.3509
R4 0.1754 0.2281 0.3947 0

Panel C

R1 2.8696 3.2595 3.8561 3.4453
R2 3.2024 3.0913 3.9635 3.5379
R3 3.0549 3.1994 3.5519 3.4357
R4 2.6151 2.7679 3.3773 2.7675

Panel D

R1 1 0 1 1
R2 0 1 1 1
R3 0 0 1 0
R4 0 0 0 1

Note: Panel D reports the reachability matrix constructed using λ = 3.4360, calculated as the mean plus 0.5 times
the standard deviation of the corresponding total influence matrix.

Table A4. Supplementary Matrices for the Resistance Dimension.

Matrix Indicator R1.1 R1.2 R1.3 R1.4 R1.5 R1.6

Panel A

R1.1 0 2.4000 2.0000 2.2000 2.2667 1.8667
R1.2 2.8000 0 2.2667 1.6000 2.0667 1.8667
R1.3 2.4000 2.6000 0 2.4667 2.8667 2.7333
R1.4 2.1333 1.2667 2.5333 0 2.3333 2.0000
R1.5 1.8667 2.4667 2.5333 2.4667 0 2.8667
R1.6 2.0000 2.8000 2.4000 2.4000 2.7333 0

Panel B

R1.1 0 0.1837 0.1531 0.1684 0.1735 0.1429
R1.2 0.2143 0 0.1735 0.1224 0.1582 0.1429
R1.3 0.1837 0.1990 0 0.1888 0.2194 0.2092
R1.4 0.1633 0.0969 0.1939 0 0.1786 0.1531
R1.5 0.1429 0.1888 0.1939 0.1888 0 0.2194
R1.6 0.1531 0.2143 0.1837 0.1837 0.2092 0

Panel C

R1.1 1.0421 1.2257 1.2182 1.1814 1.2736 1.1819
R1.2 1.2126 1.0654 1.2240 1.1407 1.2549 1.1742
R1.3 1.3926 1.4399 1.2903 1.3927 1.5197 1.4303
R1.4 1.1530 1.1354 1.2202 1.0135 1.2505 1.1647
R1.5 1.2959 1.3631 1.3828 1.3256 1.2669 1.3694
R1.6 1.3111 1.3883 1.3828 1.3282 1.4468 1.1956

Panel D

R1.1 1 0 0 0 0 0
R1.2 0 1 0 0 0 0
R1.3 1 1 1 1 1 1
R1.4 0 0 0 1 0 0
R1.5 0 1 1 0 1 1
R1.6 0 1 1 1 1 1

Note: Panel D reports the reachability matrix constructed using λ = 1.3276, calculated as the mean plus 0.5 times
the standard deviation of the corresponding total influence matrix.
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Table A5. Supplementary Matrices for the Adaptive Recovery Dimension.

Matrix Indicator R2.1 R2.2 R2.3 R2.4 R2.5 R2.6

Panel A

R2.1 0 2.5333 2.2667 2.0000 2.3333 2.0000
R2.2 2.9333 0 2.2667 1.8000 1.8000 2.0667
R2.3 2.7333 2.6667 0 2.2667 2.1333 2.6667
R2.4 2.0667 2.1333 2.1333 0 2.3333 2.6667
R2.5 2.4000 2.8000 1.6667 1.6000 0 2.7333
R2.6 2.5333 2.5333 1.5333 2.6667 2.9333 0

Panel B

R2.1 0 0.2032 0.1818 0.1604 0.1872 0.1604
R2.2 0.2353 0 0.1818 0.1444 0.1444 0.1658
R2.3 0.2193 0.2139 0 0.1818 0.1711 0.2139
R2.4 0.1658 0.1711 0.1711 0 0.1872 0.2139
R2.5 0.1925 0.2246 0.1337 0.1283 0 0.2193
R2.6 0.2032 0.2032 0.1230 0.2139 0.2353 0

Panel C

R2.1 1.9760 2.1407 1.7500 1.7912 1.9768 2.0232
R2.2 2.1295 1.9335 1.7200 1.7487 1.9118 1.9890
R2.3 2.3570 2.3483 1.7585 1.9767 2.1521 2.2521
R2.4 2.1530 2.1533 1.7692 1.6847 2.0124 2.0963
R2.5 2.1453 2.1633 1.7197 1.7749 1.8275 2.0702
R2.6 2.2927 2.2895 1.8275 1.9543 2.1506 2.0278

Panel D

R2.1 1 1 0 0 0 0
R2.2 1 1 0 0 0 0
R2.3 1 1 1 0 1 1
R2.4 1 1 0 1 0 0
R2.5 1 1 0 0 1 0
R2.6 1 1 0 0 1 1

Note: Panel D reports the reachability matrix constructed using λ = 2.0977, calculated as the mean plus 0.5 times
the standard deviation of the corresponding total influence matrix.

Table A6. Supplementary Matrices for the Autonomous Controllability Dimension.

Matrix Indicator R3.1 R3.2 R3.3 R3.4 R3.5

Panel A

R3.1 0 2.6000 2.9333 1.6000 1.8000
R3.2 2.8000 0 3.3333 1.6667 2.4667
R3.3 2.8000 3.3333 0 2.0000 2.6667
R3.4 1.5333 2.1333 2.7333 0 2.3333
R3.5 2.8667 1.9333 2.9333 2.2000 0

Panel B

R3.1 0 0.2407 0.2716 0.1481 0.1667
R3.2 0.2593 0 0.3086 0.1543 0.2284
R3.3 0.2593 0.3086 0 0.1852 0.2469
R3.4 0.1420 0.1975 0.2531 0 0.2160
R3.5 0.2654 0.1790 0.2716 0.2037 0

Panel C

R3.1 1.7620 1.9577 2.2112 1.4821 1.7736
R3.2 2.1788 1.9727 2.4720 1.6485 2.0086
R3.3 2.2522 2.2821 2.3205 1.7264 2.0895
R3.4 1.8487 1.8869 2.1547 1.3254 1.7735
R3.5 2.1115 2.0560 2.3702 1.6311 1.7591

Panel D

R3.1 1 0 1 0 0
R3.2 1 1 1 0 0
R3.3 1 1 1 0 0
R3.4 0 0 1 1 0
R3.5 1 0 1 0 1

Note: Panel D reports the reachability matrix constructed using λ = 2.1039, calculated as the mean plus 0.5 times
the standard deviation of the corresponding total influence matrix.
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Table A7. Supplementary Matrices for the Sustainable Innovation Dimension.

Matrix Indicator R4.1 R4.2 R4.3 R4.4 R4.5 R4.6

Panel A

R4.1 0 3.1333 1.9333 2.5333 2.4667 2.6000
R4.2 3.1333 0 1.8000 2.2000 2.2000 2.4000
R4.3 1.6000 1.4667 0 1.8667 2.2000 1.5333
R4.4 3.3333 2.6000 2.4000 0 2.2000 2.4667
R4.5 2.6667 2.8667 2.7333 2.4000 0 1.8000
R4.6 2.5333 2.6667 2.9333 2.5333 1.9333 0

Panel B

R4.1 0 0.2410 0.1487 0.1949 0.1897 0.2000
R4.2 0.2410 0 0.1385 0.1692 0.1692 0.1846
R4.3 0.1231 0.1128 0 0.1436 0.1692 0.1179
R4.4 0.2564 0.2000 0.1846 0 0.1692 0.1897
R4.5 0.2051 0.2205 0.2103 0.1846 0 0.1385
R4.6 0.1949 0.2051 0.2256 0.1949 0.1487 0

Panel C

R4.1 1.8805 2.0129 1.8111 1.8292 1.7639 1.7527
R4.2 1.9611 1.7092 1.7018 1.7111 1.6530 1.6467
R4.3 1.4537 1.4019 1.2049 1.3173 1.2933 1.2386
R4.4 2.1168 2.0156 1.8655 1.6953 1.7783 1.7731
R4.5 1.9968 1.9467 1.8084 1.7755 1.5623 1.6637
R4.6 2.0011 1.9466 1.8320 1.7940 1.7022 1.5518

Panel D

R4.1 1 1 0 0 0 0
R4.2 1 1 0 0 0 0
R4.3 0 0 1 0 0 0
R4.4 1 1 1 1 0 0
R4.5 1 1 0 0 1 0
R4.6 1 1 0 0 0 1

Note: Panel D reports the reachability matrix constructed using λ = 1.8397, calculated as the mean plus 0.5 times
the standard deviation of the corresponding total influence matrix.
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