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Abstract

Enhancing the resilience of regional digital innovation ecosystems represents an
effective strategy for managing risky shocks and fostering sustainable regional
development. This study investigates the regional digital innovation ecosystems in
30 provinces and cities across China. Grounded in resource orchestration theory,
this research employs the fSQCA method to examine the configuration paths through
which traditional and digital resources and capabilities contribute to the resilience
of these ecosystems. By developing an evaluative framework for the resilience of
regional digital innovation ecosystems, this study reveals a fluctuating upward trend
in resilience across China’s regions, albeit with slow improvement rates and uneven
development. The fsQCA identifies six configurational paths that bolster ecosystem
resilience, categorized into two types: Technology Innovation-Digital Platforms and
Financial-Physical Dominant. Furthermore, the paper highlights insufficient techno-
logical innovation capacity and imperfect digital governance as critical barriers to
strengthening the resilience of regional digital innovation ecosystems. This research
improves the evaluative framework for resilience in regional digital innovation eco-
systems and extends the application of resource orchestration theory to the domain
of resilience. The findings offer significant theoretical and practical insights into
how regions can utilize both traditional and digital resources and capabilities to rein-
force the resilience of their digital innovation ecosystems.
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1 Introduction

The rapid development and widespread application of digital technologies pro-
foundly transform the patterns and pathways of regional innovation. Regional
innovation activities are increasingly characterized by digitalization, ecologi-
cal integration, and networked features (Cooke 2017). Regional digital innova-
tion ecosystems, formed through the co-evolution of various innovation actors,
are emerging as new drivers of regional innovation and economic development.
A regional digital innovation ecosystem refers to a complex dynamic system
within a specific regional scope, where digital innovation actors engage in effi-
cient, cross-spatial, and cross-boundary interactions on digital innovation plat-
forms centered around digital infrastructure (Li and Rao 2023). Compared to tra-
ditional regional innovation ecosystems, regional digital innovation ecosystems
demonstrate stronger heterogeneity in their actors and resources, significantly
enhancing their impact on regional innovation development (Yang et al. 2022a,
b). However, as the economic environment transitions into the VUCA (volatility,
uncertainty, complexity, ambiguity) era, regional digital innovation ecosystems
face significant challenges. These ecosystems are impacted not only by “black
swan” events, like natural disasters such as earthquakes and tsunamis, but also
by “gray rhinoceros” events, including trade frictions and geopolitical conflicts
(Zhang et al. 2024). Under multiple pressures, the vulnerability and instability
of regional digital innovation ecosystems are becoming increasingly prominent,
urgently requiring policymakers to take effective measures to promote their sus-
tainable development.

In the current context, resilience theory provides a novel perspective for the
continued evolution and healthy development of regional digital innovation eco-
systems. The concept of resilience originated in physics, referring to a materi-
al’s ability to rebound, bounce back, and recover when subjected to deformation
forces, expressed as resistance to breakage (Holling 1996). Subsequently, schol-
ars have expanded the application of resilience to various fields, such as ecol-
ogy (Brand 2009), economics (Martin et al. 2016), management (Khurana et al.
2022), and psychology (Troy et al. 2023), enriching and deepening the connota-
tions of resilience theory. With the burgeoning interest in resilience theory within
regional studies and the rapid growth of the digital economy, scholars have begun
to focus on regional digital innovation ecosystem resilience (RDIER). Chen
and Cai (2023) defined RDIER as the ecosystem’s ability to withstand shocks
through multidimensional capabilities such as self-adaptation, self-learning, and
self-adjustment, thereby improving the ecosystem’s functional level. Yang et al.
(2022a, b) constructed a regional digital innovation ecosystem resilience evalu-
ation framework based on four dimensions—diversity, flowability, evolution,
and buffering—and identified diverse governance methods to enhance ecosystem
resilience. In general, research on RDIER remains nascent, mainly focusing on its
conceptualization and evaluation. There is insufficient attention given to the ante-
cedent conditions of RDIER, and few studies have dealt with the paths to enhance
it. Given the practical challenges and research limitations outlined above, this
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paper primarily focuses on the core issue of how to enhance the RDIER. It aims
to provide theoretical support and practical guidance for improving the resilience
of these ecosystems and fostering regional innovation development.

Enhancing RDIER critically depends on supporting resources and capabilities,
particularly the effective combination of various resources and capabilities. In the
context of digitalization, traditional and digital resources and capabilities in regional
digital innovation ecosystems are intertwined, jointly shaping the innovation capac-
ity and resilience level of the ecosystem. On the one hand, the key resources that
traditional regional innovation relies on, such as human resources, capital, and tech-
nology, face new challenges in allocation and integration in the digital era (Hervas-
Oliver et al. 2021). On the other hand, digital resources and capabilities, such as
data, computing power, and platforms, are gradually becoming new driving forces
for regional innovation and development (Yi et al. 2023). Effectively utilizing and
coordinating diverse and complementary resources to establish synergistic relation-
ships between resources is crucial for enhancing the overall resilience of an eco-
system. Resource orchestration theory provides a useful perspective to address this
issue. Resource orchestration theory emphasizes that an organization’s dynamic
management of resources is the source of its sustainable competitive advantage.
Organizations can achieve new development goals and maintain a competitive
edge by strategically forming combinations of resources and capabilities that match
the environment’s needs (Liu et al. 2016). The advent of the digital economy has
transformed data into a new production factor for enterprises. Compared to tradi-
tional resources, changes in the attributes and value creation mechanisms of digital
resources have inevitably led to an increase in the objects and scenarios of resource
orchestration (Amit and Han 2017), creating greater space for research on resource
orchestration. To enhance the RDIER, it is necessary to orchestrate traditional and
digital resources and capabilities. However, the integration of resource orchestration
theory and RDIER remains underexplored in existing research. Further discussion is
needed to understand how to effectively utilize and synergize “traditional + digital”
resources and capabilities to strengthen the RDIER.

In summary, based on the understanding and evaluation of RDIER, this paper
summarizes the digital and traditional resources and capabilities that affect the
RDIER from the perspective of resource orchestration theory. It focuses on iden-
tifying differentiated configuration paths that drive the improvement of RDIER
to answer the core question of how to promote the improvement of RDIER. The
research is specifically carried out around the following two aspects. First, this paper
constructs an evaluation index system of RDIER across five dimensions: diver-
sity, evolution, fluidity, buffering, and collaboration, and evaluates the RDIER in
30 provinces and cities in China. Second, based on resource orchestration theory,
this paper explores four traditional resources and capabilities (human resources,
financial resources, physical resources, and technological innovation capabilities)
and three digital resources and capabilities (data resources, digital platforms, and
digital governance) that affect the RDIER. Fuzzy-set qualitative comparative anal-
ysis (fsQCA) is employed to identify new combinations of “traditional +digital”
resource and capability orchestration in the digital context, clarifying the multiple
concurrent causal relationships and diverse configurational paths that promote the
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RDIER. This study conducts an empirical investigation into the RDIER using panel
data from 30 provinces and cities in China (excluding Hong Kong, Macau, Taiwan,
and Tibet) from 2017 to 2021. The results reveal six paths that promote the RDIER,
which can be categorized into two types: Technology Innovation-Digital Platform
Driven and Financial-Physical Driven.

This paper makes several contributions. First, when exploring multidimensional
evaluation systems for RDIER, existing research often fails to fully consider the
importance of collaboration (Yang et al. 2022a, b; Chen and Cai 2023). Drawing
upon open innovation theory, this study is the first to introduce collaboration into
the evaluation system for RDIER. It focuses on the synergistic effects among gov-
ernment, industry, academia, and research within the ecosystem and their interac-
tions with external innovation cooperation. This approach enriches and improves
the existing evaluation frameworks for assessing the RDIER. Second, drawing
upon resource orchestration theory, this paper considers four traditional resources
and capabilities and introduces three digital resources and capabilities in the con-
text of digitalization. It explores how to effectively orchestrate traditional and digital
resources and capabilities to enhance the RDIER. This expands the cross-integration
between resource orchestration theory and the resilience domain. Third, compared
to traditional research that analyzes the RDIER from a single perspective (Chen and
Cai 2023), this paper employs configurational thinking to clarify the differences
in conditional configurations that enhance the RDIER and the underlying logical
mechanisms. This approach not only enables each region to choose the most suitable
development path according to its specific conditions but also responds to the aca-
demic community’s call for adopting a configurational perspective and qualitative
comparative analysis methods to study complex management systems (Roundy et al.
2018).

The remainder of the paper is organized as follows. Section 2 provides the litera-
ture review and research framework. Section 3 describes the research design. Sec-
tion 4 analyzes the results of the data processing. Section 5 presents the research
conclusions and policy implications.

2 Literature review and theoretical analysis
2.1 Concept and evaluation of RDIER
2.1.1 The concept of RDIER

Ecosystems originated in biology to describe the interactions between organisms
and their environment (Pimm 1984; Jacobides et al. 2018). In contrast to general sys-
tems that emphasize the relationships and mechanisms among elements, ecosystems
focus more on the system’s organic nature, adaptability, and dynamic equilibrium
(Pickett and Cadenasso 2002). Subsequently, scholars have increasingly applied the
concept of ecosystems to domains such as business and innovation. Adner (2006)
was among the first to articulate the innovation ecosystem concept, viewing it as
a coherent, customer-oriented solution formed through collaborative arrangements
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among firms. Russell and Smorodinskaya (2018) further elaborated that innovation
ecosystems are holistic and dynamic and exhibit characteristics typical of complex
adaptive systems, such as emergence, synergy, self-organization, autonomy, and
adaptiveness to changing environments. In recent years, the rapid advancement of
digital technology has been transforming the structure and function of innovation
ecosystems, leading to the emergence of digital innovation ecosystems (Suseno
et al. 2018). As a subset of the innovation ecosystem, the digital innovation ecosys-
tem places more emphasis on the collaborative symbiotic relationship between digi-
tal innovation entities, which results from the reorganization of element associations
and changes in the logic of system behavior due to the introduction of digital ele-
ments (Beltagui et al. 2020; Theodoraki and Catanzaro 2022). Suseno et al. (2018)
view digital innovation ecosystems from a value co-creation perspective, consider-
ing them as complex economic structures established by interacting organizations
and individuals who jointly participate in creating new products and services using
digital technologies. Yi et al. (2023) argue that the digital innovation ecosystem
exhibits two forms. The first is an innovation-oriented digital ecosystem, centered
around digital entities aimed at enhancing the generation, application, and diffusion
of digital innovations. The second is a digitally empowered innovation ecosystem,
resulting from the deep integration of digital processes and value creation among
innovation actors. This integration facilitates the digital transformation of entities,
structures, policies, functions, and their evolution within the ecosystem. These two
forms are interdependent and mutually reinforcing.

Although digital technology facilitates global connections and resource inte-
gration within innovation ecosystems, the development of digital innovation eco-
systems remains deeply embedded in regional contexts (Zhang et al. 2024). First,
digital innovation activities rely heavily on various entities, including enterprises,
universities, and research institutions. While digital technologies facilitate remote
collaboration, regional embeddedness and geographic proximity offer many advan-
tages (Keeble et al. 1998; Stathaki et al. 2020), such as convenient face-to-face com-
munication, rapid feedback loops, and a stronger sense of community, which foster
innovation. Moreover, despite the ability of digital technologies to transcend geo-
graphical boundaries, their application and commercialization often require integra-
tion with the economic, social, and cultural context of a specific region. Second, the
construction of high-quality regional digital infrastructure can reduce the digitaliza-
tion costs for innovation entities within a region and promote the flow and sharing of
data, information, and knowledge (Hao and Zhang 2021), providing fertile ground
for digital innovation. There are obvious differences in the development level of
digital infrastructure in different regions, which leads to an imbalance in the devel-
opment of regional digital innovation ecosystems (Yi et al. 2023). Finally, regard-
ing the institutional environment, regional governments play a crucial role in foster-
ing digital innovation ecosystems by providing policy support (Pistorio et al. 2018),
which tends to be bounded by regional boundaries. Therefore, this paper focuses on
the digital innovation ecosystem at the regional level, which, on the one hand, helps
to reveal the regional embeddedness mechanism of digital innovation and to under-
stand the unique ways in which the regional environment shapes the digital innova-
tion ecosystem; on the other hand, the analysis of the regional digital innovation
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ecosystem also provides important insights into the formulation of innovation poli-
cies tailored to the local context and the optimization of the regional innovation gov-
ernance. Regional digital innovation ecosystems are defined as complex, dynamic
systems formed within a specific spatiotemporal scope. These ecosystems are influ-
enced by the digital ecological environment and involve efficient cross-spatial and
cross-boundary interactions and collaborations among digital innovation actors
on digital innovation platforms centered around digital infrastructure (Li and Rao
2023).

Resilience has emerged as a focal point in management research, particularly in
the wake of the COVID-19 pandemic. The term “resilience” originates from the
17th-century Latin word “Resilire,” meaning to rebound or recover. The understand-
ing of resilience has evolved through three developmental stages: engineering resil-
ience, ecological resilience, and evolutionary resilience (Chen et al. 2024). Initially,
resilience in engineering described the ability of materials to resist external shocks
within the field of physics. Ecological resilience, as characterized by Holling (1973),
examines whether systems can maintain their state despite disturbances, underscor-
ing the importance of stability in structure and function. The concept has since
extended from ecological to social systems, where evolutionary resilience views the
process as continually evolving. Evolutionary resilience recognizes the non-equilib-
rium evolutionary characteristics of the system (Simmie and Martin 2010) and puts
more emphasis on the adaptive transformation of the system structure and function.

The RDIER has evolved from the concept of evolutionary resilience. Chen and
Cai (2023) conceptualize the RDIER as a multi-phase process where the ecosys-
tem employs various capacities, such as adaptability, self-learning, and self-regu-
lation, to withstand and counter shocks, consequently enhancing its functional per-
formance. This paper posits that a resilient regional digital innovation ecosystem
exhibits adaptability to unexpected external shocks and ongoing internal disruptions,
ensuring its stable functionality and sustained evolution under these unfavorable
conditions. Thus, we define the RDIER as the capacity of various innovation actors
within a specific spatial range to leverage digital technology, dynamically amalgam-
ate internal and external innovation resources, and adjust ecosystem structures and
operational states flexibly, thereby adapting to the intricate and volatile regional
environmental impacts. This resilience bestows the regional digital innovation eco-
system with the capability to maintain crucial functionality and stability amidst per-
turbations, facilitating quick recovery and continual innovative development. Ulti-
mately, regional digital innovation ecosystems enable a dynamic adaptation process
that recovers from and upgrades within the context of regional adversity.

2.1.2 The evaluation system for the RDIER

Currently, the academic community primarily adopts the method of constructing
indicator systems to measure the RDIER. Liang and Li (2023) developed a resilience
monitoring and evaluation framework for regional innovation ecosystems, focusing
on diversity, evolution, flowability, and buffering. Building on this work, scholars
such as Yang et al. (2022a, b) and Chen and Cai (2023) concentrated on regional
digital innovation ecosystems, establishing a resilience evaluation framework that
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also considers diversity, evolution, fluidity, and buffering. Moreover, scholars have
underscored the indispensable role of collaboration in enabling ecosystems to miti-
gate risks and foster sustainable development (Li et al. 2022; Yi et al. 2023). Collab-
oration is viewed as an interactive process in which participants share information,
resources, responsibilities, and risks to jointly plan, implement, and evaluate activ-
ity programs aimed at achieving common goals (Russell and Smorodinskaya 2018).
Open innovation theory posits that a firm’s competitive advantage no longer rests
solely on internal resources but stems from its capacity to integrate both internal and
external innovation resources (Chesbrough 2003). This means that collaboration is
not merely an antithesis to competition but also a crucial strategy for building com-
petitive advantage. Consequently, regions with high levels of collaboration digital
innovation ecosystems demonstrate greater resilience against external shocks and
uncertainties. From the perspective of ecosystem resilience, resilience underscores
an ecosystem’s capacity to withstand external shocks, rapidly recover, and con-
tinually evolve. This requires building extensive interconnections and establishing
robust collaborative networks within the ecosystem. On the one hand, collaboration
among actors facilitates the flow and dissemination of knowledge, thereby enhanc-
ing the ‘collective intelligence’ of the ecosystem and its ability to manage uncertain-
ties (Yi et al. 2023). On the other hand, by collaboratively sharing data, facilities,
and talent, innovators can reduce costs and improve resource efficiency. Efficient
resource allocation and flow within an ecosystem are critical for its sustained robust
development (Li et al. 2022).

Notably, from a resilience perspective, the role of collaboration becomes more
pronounced, yet this does not imply that competition is unimportant. Within ecosys-
tems, collaboration does not preclude competition among participants or with other
regions worldwide. On the contrary, market competition intensifies in an open envi-
ronment, augmenting the uncertainties and challenges organizations face. To address
the fierce innovation competition and the VUCA environment, organizations must
forge tighter and more flexible collaborative relationships with partners to swiftly
detect and respond to market changes (Camarinha-Matos et al. 2009). Consequently,
competition compels collaboration to evolve toward greater closeness and flexibility
under open conditions. Particularly in ecosystems with common institutional fea-
tures, actors engaged in long-term projects collaborate through relational contracts
and coordinate activities based on a shared strategy to meet the challenges of intense
global competition (Russell and Smorodinskaya 2018). This collaboration signifies
the complex interrelations and specific dynamic equilibria within the ecosystem.

Considering the emphasis of open innovation theory on collaboration and the
focus of ecosystem resilience theory on managing uncertainty, this paper adds col-
laborative to the existing evaluation index system on the RDIER (Yang et al. 2022a,
b; Chen and Cai 2023). Specifically, a comprehensive set of resilience evaluation
indicators for digital innovation ecosystems is proposed, encompassing diversity,
evolutionary, flowability, buffering, and collaboration. Among these, diversity refers
to various subjects within the digital innovation ecosystem. The entities encom-
pass talents, enterprises, industries, universities, and more. This paper measures the
diversity of regional digital innovation ecosystems by considering the dimensions of
talents, enterprises, industries, and universities. Evolutionary capacity represents the
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ability to allocate resources. In this paper, evolutionary capacity is assessed based
on two aspects: digital innovation inputs and outputs. Flowability represents the
mobilization of internal elements within the regional digital innovation ecosystem.
In this paper, flowability is primarily measured through the dimensions of financial
flow, population flow, information flow, and technology flow. Buffering capacity
represents the reserve of innovative elements. In this paper, buffering is assessed
using economic resources, social environmental resources, and natural environmen-
tal resources as indicators. Collaboration represents the interactivity and symbiotic
relationships among different entities within the regional digital innovation ecosys-
tem, encompassing intra-ecosystem collaboration among internal entities and col-
laboration between the ecosystem and external stakeholders. This paper primarily
measures the collaboration of regional digital innovation ecosystems through inter-
nal and external collaboration within the region. The specific indicators are shown
in Table 1.

2.2 Resource orchestration theory and RDIER

Resource orchestration theory points out that an organization’s dynamic manage-
ment of resources is the source of its sustainable competitive advantage (Sirmon
et al. 2007). The resource orchestration process includes three basic subprocesses:
resource structuring, resource capability formation, and resource leveraging (Liu
et al. 2016; Suseno et al. 2018), which sequentially address the issues of resource
construction, resource transformation to form capabilities, and the use of capabili-
ties to create value. In each resource orchestration process, resources and capabili-
ties jointly determine the subject’s sustainable competitive advantage (Zhu and Li
2023). Resource orchestration theory has been widely used in resource management
(Sirmon et al. 2007), supply chain management (Gligor 2018), innovation (Bitten-
court et al. 2021), and entrepreneurship (Baert et al. 2016), as well as other fields.
With the advent of the digital economy, scholars have started to focus on resource
orchestration in digital scenarios. Urbinati et al. (2022) explored how firms can
effectively orchestrate, coordinate, and utilize different resources to achieve digital
innovation. Zhu and Li (2023) explored the mediating role of resource orchestration
between data-driven insights and bidirectional digital transformation.

The existing research on resource orchestration theory provides an analytical
framework for exploring pathways to enhance the RDIER in this study. On the one
hand, resource orchestration theory serves as a theoretical foundation for analyzing
the enhancement of RDIER. The essence of resilience lies in the creative combina-
tion and utilization of resources when confronting risks, which aligns with the core
principles of resource orchestration theory, thus reflecting a parallelism of ideas. On
the other hand, the existing literature lacks substantial research on how to orchestrate
traditional and digital resources and capabilities to enhance the RDIER. By drawing
upon resource orchestration theory and conducting an analysis from the perspec-
tives of traditional and digital resources and capabilities, this study offers valuable
insights into the multifaceted antecedents of RDIER. This analysis provides practi-
cal guidance for advancing RDIER.
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Drawing on research on resources, capabilities, and ecosystem resilience in
regional digital innovation ecosystems (Zhu and Li 2023; Zhang et al. 2024; Xie
et al. 2024), this paper selects four traditional resources and capabilities, namely
talent resources, financial resources, physical resources, and technological innova-
tion capability, as well as three digital resources and capabilities, including big data
resources, digital platforms, and digital governance. The discussion in this paper
revolves around these seven resources and capabilities, exploring the configuration
of resources and capabilities that contribute to enhancing RDIER. To elucidate how
to enhance the RDIER through allocating resources and capabilities, we introduce a
comprehensive theoretical framework as depicted in Fig. 1. This paper posits that the
RDIER is not contingent upon a single antecedent condition but rather relies on the
interplay between traditional resources and capabilities, as well as digital resources
and capabilities. Therefore, to foster high RDIER, the configurational effects of "tra-
ditional + digital" resources and capabilities should be taken into consideration.

Talent resources. As an independent, dynamic, and highly valuable resource, tal-
ent resources have always been the core competitive advantage of regional innova-
tion and development. As owners of knowledge and technology, the accumulation of
knowledge and diffusion of technology brought about by talent resources are condu-
cive to advancing the socialized collaboration of innovation activities, enhancing the
economic benefits of agglomeration (Jian et al. 2024), and providing a driving force
for RDIER.

Financial resources. Financial resources serve as a prerequisite for facilitating
the activities within regional digital innovation ecosystems. On the one hand, abun-
dant financial resources attract diverse actors, such as talent and businesses, thereby
enhancing the diversity of entities within the ecosystem and promoting resource
aggregation (Wen et al. 2023). On the other hand, sufficient financial resources
endow the ecosystem with a higher degree of resilience by providing a buffer against
external shocks, thus enabling the ecosystem to withstand risks and facilitating the
recovery and adjustment of its functional capabilities (Zhang et al. 2024).

Physical resources. Physical resources mainly refer to the material elements
that maintain ecosystem operation and carry out activities (Zheng et al. 2020),
providing the underlying foundation for resource utilization in the regional digital
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Fig. 1 Configuration effects model
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innovation ecosystem (Wang et al. 2022a, b). Sufficient physical resources enable
the ecosystem to have abundant resource reserves when it suffers external shocks
and can maintain its structure and avoid fragility, leading to ecosystem collapse.

Technological innovation capability. Technological innovation capability
refers to a region’s ability to transform knowledge into new products, new pro-
cesses, and new services (Wang and Luo 2020). Innovation, as a key adaptive
factor, gives regional digital innovation ecosystems the potential to use existing
knowledge to find new opportunities when the environment changes (Chen and
Cai 2023). In areas with stronger technological innovation capability, the eco-
system has higher capabilities of self-learning and self-adjustment (Balland et al.
2015). The result is the optimization of ecosystem elements and structural recon-
struction, reflected in the continuous improvement of resilience.

Big data resources. Big data resources are defined as combinations of IT
resources that are necessary when using big data to enhance performance (Suo-
niemi et al. 2020). Big data resources use their reusability and value-added char-
acteristics to achieve knowledge accumulation and resource augmentation in
regional digital innovation ecosystems, which is conducive to enhancing the eco-
system’s resource reserves and buffers. In the context of digitalization, big data
resources have become essential resource for the digital transformation of enter-
prises and industries (Xie et al. 2024). With the help of big data resources, dif-
ferent subjects in the regional digital innovation ecosystems can improve the effi-
ciency of resource allocation and then enhance the ecosystem’s adaptive response
to shocks.

Digital platforms. Digital platforms play a crucial role in enhancing the RDIER
through two primary mechanisms. First, digital platforms facilitate the rapid flow
of resources, thereby improving the speed of information dissemination. Con-
sequently, this enhances the alertness and opportunity sensitivity of regional
entities, enabling timely responses to environmental changes (Xu et al. 2013).
Second, the openness of digital platforms facilitates the aggregation of diverse
innovative actors in risk mitigation efforts. This fosters digital resource sharing,
co-creation, and collaborative governance and enables digital information shar-
ing and agile flexibility within the value chain (Constantinides et al. 2018). As a
result, the RDIER is elevated.

Digital governance. Digital governance refers to governance capacity based on
information technology, encompassing analysis, decision-making, and feedback
supervision, with an emphasis on the widespread application of digital technologies
(Zamora et al. 2016). In the context of governing regional digital innovation eco-
systems, government entities often play a pivotal role (Hopkins et al. 2019). A high
level of digital governance capacity within the government yields several benefits.
First, it facilitates the shift of daily management toward online governance focused
on service organization, process optimization, and digital service delivery. Second,
it enables the rapid transmission of risk management-related information between
innovative actors and government entities, significantly enhancing the efficiency
of risk identification and response within the digital innovation ecosystem. As a
result, the development of regional digital innovation ecosystems is empowered with
greater resilience.
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3 Research design
3.1 Research methods and data sources
3.1.1 Research methods

First, this paper adopts the entropy TOPSIS method to measure the RDIER.
The entropy weight method can determine the weight of each indicator accord-
ing to the degree of variation of each indicator, which can effectively avoid the
bias brought by human factors. TOPSIS can achieve a more comprehensive and
balanced evaluation of the RDIER by setting up an ideal solution. The entropy
TOPSIS method can make the evaluation results more objective, accurate, and
scientific. Therefore, this paper adopts the entropy TOPSIS method to measure
the composite index of RDIER, as well as the secondary indicators of digital
resources and capabilities.

Second, the fsQCA method is employed to examine the configurational paths
that enhance the RDIER. Introduced by Ragin in 1987, qualitative comparative
analysis (QCA) utilizes Boolean algebraic set theory and configurational analy-
sis to examine complex social issues. It elucidates these issues by identifying
sufficient and necessary relationships among various antecedent conditions and
outcomes, providing a holistic perspective on multiple concurrent causations
(Fiss 2011; Pappas and Woodside 2021). QCA is categorized into crisp-set QCA
(csQCA), multi-value QCA (mvQCA), and fuzzy-set QCA (fsQCA) based on var-
iable type. In contrast to csQCA and mvQCA, which are tailored for categorical
issues, fSQCA excels in identifying continuous variations in conditions. FsSQCA
achieves this through the calibration of data, the transformation of fuzzy-set
data into truth tables, and the evaluation of variables’ necessity and sufficiency
(Kraus et al. 2018). This paper employs fsQCA primarily for two reasons. First,
the regional digital innovation ecosystem, characterized as a complex adaptive
system, requires a holistic approach to understanding resilience improvements,
which cannot be explained by a single factor. FsQCA’s configuration-based,
whole-system perspective facilitates the study of synergistic effects among vari-
ous antecedent conditions. Second, fsSQCA enables the identification of typical
cases within each configuration (Pappas and Woodside 2021), revealing poten-
tial regional differences in ecosystem resilience strategies, thereby deepening our
understanding of the complexities of regional digital innovation ecosystems. The
analysis was conducted using fsQCA 4.0 software.

3.1.2 Data sources
This paper selects 30 provinces and cities in China as research samples based
on several key considerations. First, China, as the world’s largest developing

country, exhibits significant regional variations in digital economy development,
making it an ideal sample for analyzing how to enhance the RDIER (Wang et al.
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2022a, b). Second, despite the rapid growth of its digital economy, China faces
numerous challenges, including a significant digital divide and uneven distribu-
tion of innovation resources. These issues critically impact the stability and sus-
tainability of regional digital innovation ecosystems, urgently calling for effec-
tive solutions. Finally, as a major global player in the digital economy, China’s
extensive experience in digital transformation provides valuable insights for other
countries and regions aiming to develop resilient digital innovation ecosystems.
Focusing on the Chinese case, this study offers important lessons for global digi-
tal economic governance.

The report of the 19th National Congress of the Communist Party of China in
2017 explicitly proposed building a digital China. China’s digital development has
been accelerating since the "digital economy" was first mentioned in the 2017 gov-
ernment work report. Therefore, the data for the study in this paper are selected from
the panel data of 30 provinces and cities in China (excluding Hong Kong, Macao,
Taiwan, and Tibet) from 2017 to 2021. Research data were primarily sourced from
three main channels: (1) official statistics, including the China Statistical Yearbook,
China Science and Technology Statistical Yearbook, City Statistical Yearbook, and
China Environmental Statistical Yearbook, along with other provincial and city
statistical publications. (2) Research reports, such as the China Regional Innova-
tion Capability Evaluation Report, China Internet Development Statistical Report,
Peking University Digital Financial Inclusion Index Report, and Government Weibo
Influence Report. (3) Public database platforms, including the PatSnap global patent
search and analysis database, China National Knowledge Infrastructure (CNKI), and
the Web of Science. For some of the missing values, the linear interpolation method
and linear prediction method are used for interpolation.

3.2 Description of variables
3.2.1 Outcome variable

Combined with the RDIER measurement index system in Table 1, this paper applies
the entropy TOPSIS method to measure the RDIER level of 30 provinces and cities
in China. The final results are shown in Table 2.

Based on Table 2, the following observations can be made. (1) Overall, the
RDIER in China exhibits a fluctuating upward trend, but the overall level remains
relatively low. From 2017 to 2021, the RDIER in China showed an overall increase,
with the mean resilience value rising from 0.219 to 0.243, indicating a total growth
of 10.959%. However, the growth rate is sluggish, with an average annual increase
of only 2.192%. (2) When examining different provinces, significant variations in
the RDIER can be observed. As of 2021, Guangdong, Beijing, Jiangsu, and Shang-
hai were leading in RDIER. Some central and western provinces, such as Anhui,
Shandong, Ningxia, Guangxi, Henan, and Shanxi, demonstrated higher average
annual growth rates, indicating rapid development momentum. In contrast, regions
such as Xinjiang, Ningxia, and Jilin exhibited lower levels of resilience. Moreover,
notable disparities exist among provinces, with Guangdong (0.479) being nearly
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Table 2 Measures of RDIER

Region Provinces 2017 2018 2019 2020 2021 Averages  Annual
rate of
growth

Eastern Beijing 0.495 0497 0440 0468 0477 0475 -0.727

Tianjin 0260 0.202 0200 0.207 0.211 0216 -3.769
Hebei 0.172  0.174 0.190 0.199 0.206 0.188 3.953
Shanghai 0341 0358 0333 0344 0.358 0347 0.997
Jiangsu 0.420 0411 0360 0385 0414 0.398 -0.286
Zhejiang 0299 0.332 0310 0325 0338 0.321 2.609
Fujian 0223 0222 0.224 0226 0.235 0.226 1.076
Shandong 0264 0.276 0.258 0290 0.350 0.288 6.515
Guangdong 0442 0472 0418 0456 0479 0453 1.674
Hainan 0.166 0.155 0.174 0.197 0.178 0.174 1.446
Averages 0.308 0310 0.291 0310 0.325 0.309 1.064
Central Shanxi 0.143 0.143 0.170 0.184 0.176 0.163 4.615
Anhui 0.161 0.155 0.187 0.205 0.216 0.185 6.832
Jiangxi 0.226 0.182 0202 0.208 0.207 0.205 —1.681
Henan 0.179 0.189 0200 0.218 0.221 0.201 4.693
Hubei 0210 0.206 0.221 0235 0.247 0.224 3.524
Hunan 0.180 0.176  0.193 0207 0.222 0.196 4.667
Averages 0.183 0.175 0.196 0210 0.215 0.196 3.458
Western Inner Mongolia  0.150 0.123  0.167 0.176  0.181 0.159 4.133
Guangxi 0.154 0.154 0.187 0200 0.191 0.177 4.805
Chongging 0.161 0.156 0.199 0.184 0.197 0.179 4472
Sichuan 0222 0.232 0234 0256 0.263 0.241 3.694
Guizhou 0.166 0.148 0.193 0.211 0.180 0.180 1.687
Yunnan 0.171 0.172 0.197 0.210 0.191 0.188 2.339
Shaanxi 0212 0215 0226 0.232 0.247 0.226 3.302
Gansu 0.140 0.136  0.196 0203 0.174 0.170 4.857
Qinghai 0.194 0.196 0.216 0238 0.216 0.212 2.268
Ningxia 0.131 0.112 0.174 0.186 0.164 0.153 5.038
Xinjiang 0.135 0.128 0.162 0.177 0.160 0.152 3.704
Averages 0.167 0.161 0.196 0207 0.197 0.185 3.573
Northeastern  Liaoning 0.183 0.175 0.195 0.204 0.209 0.193 2.842
Jilin 0.145 0.129 0210 0.179 0.164 0.165 2.621
Heilongjiang 0.210 0.180 0216 0.223 0.221 0210 1.048
Averages 0.179 0.161 0207 0.202 0.198 0.190 2.082
Total Averages 0219 0.214 0.228 0.241 0.243  0.229 2.192

three times more resilient than Xinjiang (0.160) in 2021. (3) Examining the four
major regions, the mean resilience values indicate that the eastern region performs
the best (0.309), followed by the central region (0.196), while the northeastern
and western regions show lower resilience levels, at 0.190 and 0.185, respectively.
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However, in terms of growth rates, the western (3.573) and central (3.458) regions
exhibit higher rates, while the northeastern (2.082) and eastern regions (1.064) dem-
onstrate lower growth rates. The resilience level of the eastern regions significantly
surpasses that of other areas, indicating a pronounced imbalance in the resilience of
China’s digital innovation ecosystems, both overall and regionally. Regions with low
resilience, such as the western and northeastern regions, still have significant room
for improvement.

In general, the RDIER in China shows a fluctuating upward trend. However, sig-
nificant challenges persist, including low resilience levels, sluggish growth rates,
and regional development disparities. Consequently, enhancing RDIER remains a
pressing concern that warrants immediate attention.

3.2.2 Conditional variables

Traditional resources and capabilities. (1) Talent resources. Referring to Jian et al.
(2024) using the entropy of talent location to measure regional talent agglomera-
tion, this paper uses the proportion of regional and national employment personnel
to measure talent resources, while this paper requires that these employment person-
nel have a bachelor’s degree and above. (2) Financial resources. Referring to Xu
et al. (2024), this paper adopts the ratio of local science and technology expenditure
to general public budget expenditure to measure financial resources. (3) Physical
resources. Referring to existing research, this paper uses the fixed asset investment
of the region for measurement. (4) Technological innovation capacity. Drawing on
the practice of Xu et al. (2023), this paper selects the logarithm of the number of
regional invention patent applications to indicate technological innovation capacity.
Digital resources and capabilities. (1) Big data resources. Artificial intelligence,
blockchain, cloud computing, and big data technologies (ABCD) are regarded as the
digital pedestal of digital transformation, bringing about great changes in all aspects
of economic development and social life (Akter et al. 2022). Therefore, this paper
adopts the number of invention patent applications and the number of papers related
to Al blockchain, cloud computing, and big data as indicators of big data resources.
Among them, the number of papers comes from the sum of China Knowledge Net-
work and Web of Science papers; the number of patents comes from the PatSnap
global patent search database. (2) Digital platforms. Referring to Yang et al. (2022a,
b) study on platform economy, this paper measures digital platforms from three
aspects: the proportion of Internet users, the ratio of domain names, and the propor-
tion of web pages, based on data availability. (3) Digital governance. Referring to
the study of Li and Rao (2023), the number of government websites, the interactive
power of regional government microblogs, and the service power of regional gov-
ernment microblogs are used as the measurement indicators of digital governance.

3.3 Variable calibration

Calibration is a pivotal step in the QCA process. This paper employs the direct cali-
bration method, assigning the upper and lower 25th percentiles and the median of
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the research data as points of full membership, full non-membership, and crosso-
ver, respectively (Fiss 2011; Xie and Wang 2020). This approach converts the origi-
nal variable data into fuzzy membership scores ranging from O to 1, facilitating the
fsQCA. To avoid the value of 0.5 being excluded by the software, the data calibrated
as 0.5 were directly assigned to 0.5001. Descriptive statistics and calibration anchors
for key variables can be found in Table 3.

4 Empirical findings and analyses
4.1 Necessity analysis of a single condition

Necessity analysis is employed to examine whether the occurrence of results relies
on a single independent variable. When the consistency of a particular independent
variable exceeds 0.9, it indicates that the variable is a necessary condition for the
outcome. The results in Table 4 demonstrate that in the necessity analysis of single
conditions, the consistency of the independent variables is less than 0.9, indicating
the absence of necessary conditions for driving the enhancement of RDIER. This
result suggests that a single condition cannot enhance the RDIER but requires link-
age and matching between diverse resources and capabilities.

4.2 Analysis of the driving paths to enhance the RDIER

In this paper, the original consistency threshold and PRI consistency threshold
are set to 0.8 and 0.7, respectively, and the frequency threshold is set to 1. Table 5
presents the two core pathways driving the enhancement of RDIER. These path-
ways further encompass six specific configurational paths. Based on the results, the
solution consistency is 0.906, indicating that among all the cases of regional digi-
tal innovation ecosystem development that satisfy these six driving paths, 90.6% of
the regional digital innovation ecosystems demonstrate high resilience. The solu-
tion coverage is 0.710, indicating that the six configurational paths can account for
71% of the typical cases of resilience enhancement in regional digital innovation
ecosystems.

(1) Technology Innovation-Digital Platforms type. In configuration H1, technol-
ogy innovation capability and digital platforms play a central role, while other vari-
ables have a supporting role. Therefore, we collectively refer to configuration HI as
the Technology Innovation-Digital Platforms type.

Among them, configuration Hla suggests that even if the talent resources
are not in a high state, when a regional digital innovation ecosystem possesses
high technological innovation capability, high digital governance capabilities,
sufficient physical resources, big data resources, and digital platforms, resil-
ience enhancement can still be achieved. We refer to configuration Hla as the
“digital-led innovation driven type.” Taking Sichuan Province as a typical case,
despite lacking significant geographical advantages and having relatively fewer
talent resources compared to some eastern provinces, Sichuan has opened up
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Table 4 Necessity analysis

Condition variables

High regional digital innova-

tion ecosystem resilience

Non-high regional digital
innovation ecosystem

resilience
Consistency Coverage Consistency Coverage
Talent resources 0.639 0.620 0.466 0.459
~ Talent resources 0.442 0.449 0.614 0.634
Financial resources 0.751 0.770 0.308 0.321
~Financial resources 0.338 0.325 0.779 0.760
Physical resources 0.673 0.685 0.381 0.394
~Physical resources 0.405 0.391 0.696 0.684
Technological innovation capability 0.821 0.807 0.300 0.299
~Technological innovation capability 0.286 0.287 0.806 0.821
Big data resources 0.748 0.737 0.352 0.352
~Big data resources 0.343 0.342 0.737 0.748
Digital platforms 0.752 0.750 0.317 0.321
~Digital platforms 0.319 0.315 0.753 0.755
Digital governance 0.694 0.702 0.390 0.401
~Digital governance 0.408 0.397 0.710 0.702
~represents logical “not”
Table 5 Configurational pathways driving RDIER
Condition variables Hl H2
Hla Hlb Hlc Hld H2a H2b
Talent resources ® . . ® .
Financial resources . . ® o [ )
Physical resources . . ® ° o o
Technological innovation capability o o o [ ® *
Big data resources ] J ] ® ® ®
Digital platforms ® o ([ o ® °
Digital governance . . ® . . ®
Consistency 0.837 0931 0.93 0.982 0.898 0.955
Raw coverage 0276  0.426 0.17 0.074 0.083 0.072
Unique coverage 0.042 0.186  0.129 0.028 0.048 0.03
Solution coverage 0.710
Solution consistency 0.906

. indicates that the core condition exists; e indicates that the marginal condition exists; ® indicates

that the core condition is missing; ® indicates that the marginal condition is missing; blank indicates that

the condition is optional. Same as below

new pathways for development in the digital economy. It has vigorously built a
national-level Tianfu Data Center cluster, strengthened the core industries of the
digital economy, continuously promoted the integration of the real economy and
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the digital economy, enhanced innovative development momentum, and empow-
ered the resilience evolution and upgrading of the regional digital innovation
ecosystem.

Configuration H1b encompasses three traditional resources and capabilities
(financial resources, physical resources, and technological innovation capability)
and three digital resources and capabilities (big data resources, digital platforms,
and digital governance). This path represents the most diverse configuration of
resources and capabilities among the six driving paths, highlighting the synergis-
tic interaction between traditional and digital resources and capabilities. Therefore,
we label this path the “balanced resources and capability type.” Moreover, the con-
sistency of path H1b is 0.931, with the highest original coverage rate of 42.6%. It
serves as the primary driving path for enhancing RDIER. In the typical cases of
Jiangsu, Guangdong, Zhejiang, and other provinces, they not only possess abundant
traditional resources such as talent, financial, and physical resources but also rank
among the top in digital development. The dual combination of “traditional + digi-
tal” resources and capabilities has contributed to the high RDIER in these provinces.

Configuration Hlc is characterized by the absence of physical resources and digi-
tal governance. Although it only encompasses high technological innovation capa-
bility as a traditional capability, it also possesses high talent resources, financial
resources as traditional resources, big data resources, and digital platforms as digi-
tal resources. Therefore, we label this path the “technology innovation-led resource
utilization type.” The typical cases of this pathway include Shanghai and Beijing.
According to the China Regional Science and Technology Innovation Evaluation
Report 2022, Shanghai and Beijing continue to rank first and second in terms of the
comprehensive science and technology innovation level index nationwide. The effi-
cient integration and utilization of resources driven by high technological innovation
capabilities are essential conditions to enhance the resilience of the ecosystem in
these provinces.

Configuration H1d indicates that in the absence of financial resources and big
data resources, a regional digital innovation ecosystem can still achieve resilience
enhancement if it possesses high technological innovation capability, digital gov-
ernance capabilities, and sufficient digital platforms, talent resources, and physi-
cal resources. We label this pathway the “digitally led talent-physical complemen-
tarity type.” A typical case of this configuration pathway is Shaanxi province. In
this configuration pathway, digital platforms mitigate the limitations imposed on the
regional digital innovation ecosystem by financial resources and big data resources.
Simultaneously, digital platforms facilitate the integration and coordination of com-
plementary resources and competitive resources from both internal and external
innovation actors, enabling advantages complementarity and risk sharing among
different groups. Supported by high digital governance capabilities and technologi-
cal innovation capability, along with the rapid rise of digital platforms, resource uti-
lization efficiency is improved, leading to resilience enhancement.

(2) Financial-Physical Dominant type. In configuration H2, high financial
resources, high physical resources, and non-high big data resources play a central
role. Therefore, this paper names the whole configuration H2 as Financial-Physical
Dominant Type.
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In the configuration H2a, high digital governance plays a complementary role.
Configuration H2a indicates that in the absence of high technological innovation
capability, insufficient talent resources, big data resources, and digital platforms, a
regional digital innovation ecosystem can enhance its resilience by efficiently allo-
cating physical and financial resources facilitated by high digital governance capa-
bilities. We label configuration H2a the “traditional resource dominant with digital
governance type.” A typical case that this configuration can explain is Jiangxi Prov-
ince. In recent years, Jiangxi has actively constructed the Jiangxi Social Governance
Big Data Platform, a new data platform, and launched the Overall Plan for Digital
Government Construction in Jiangxi Province. This initiative not only demonstrates
the valuable application of big data technology in the field of social governance but
also effectively promotes the optimization and improvement of public services, pro-
viding robust data support and assurance for the economic development and resil-
ience enhancement of Jiangxi Province.

In the configuration H2b, the core conditions contain both high financial
resources and high physical resources. High technological innovation capacity, high
digital platforms, and high talent resources complement the core conditions as sup-
plementary conditions, constituting a path to enhance the RDIER. We label con-
figuration H2b as the "traditional resource dominant with digital platforms type.”
A typical case of such configuration pathways is Fujian Province. As the origin and
starting point of the Digital China initiative, Fujian has been at the forefront of digi-
tal development in recent years. The establishment of integrated digital platforms for
digital government services and the implementation of digital monitoring platforms
for business environments have provided a robust foundation for fostering an open
and healthy digital ecosystem in Fujian Province. By strategically leveraging digi-
tal platforms and effectively mobilizing traditional resources and capabilities, Fujian
Province has experienced flourishing development in the face of uncertainties, ulti-
mately evolving into a resilient digital innovation ecosystem.

In this paper, two core paths for enhancing the RDIER are identified utilizing
configurational analysis: the Technology Innovation-Digital Platforms type and the
Financial-Physical Dominant type. These paths encompass six distinct driving paths,
each characterized by unique configurations of resources and capabilities. Notably,
each path involves both traditional and digital resources and capabilities. This means
that enhancing RDIER necessitates effectively orchestrating "traditional + digital"
resources and capabilities.

4.3 Analysis of constraint pathways

The results of the configurational path analysis, which identifies the pathways con-
straining the enhancement of RDIER, are presented in Table 6. The table reveals the
presence of two core pathways constraining the enhancement of RDIER. In configu-
ration L1, non-high physical resources and non-high technological innovation capa-
bility serve as core conditions. In configuration L2, non-high financial resources,
non-high technological innovation capability, and non-high digital governance act as
core conditions. It is worth noting that the inclusion of all four non-high resources
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Table 6 Constraining paths for enhancing RDIER

Condition variables Ll L2
Lla Lib Llc L2a L2b
Talent resources . . ® ®
Financial resources ® i ® ®
Physical resources ® ® ® ®
Technological innovation capability ® ® ® ® ®
Big data resources ® ® ® ®
Digital platforms ® . ® ®
Digital governance ® ® ® ® ®
Consistency 0.836 0.848 0.914 0.878 0.828
Raw coverage 0.294 0.295 0.070 0.338 0.454
Unique coverage 0.033 0.033 0.004 0.099 0.043
Solution coverage 0.628
Solution consistency 0.846

and capabilities inevitably hinders the improvement of RDIER, as demonstrated
by configuration L2b. From the perspective of each pathway, the lack of various
resources and capabilities in regional digital innovation ecosystems results in non-
high resilience. Each constraining path involves both non-high technological innova-
tion capabilities and non-high digital governance, indicating that when both techno-
logical innovation capabilities and digital governance are low, even with resources
such as talent resources, financial resources, and digital platforms, effective resource
allocation cannot be achieved, thereby impeding the enhancement of RDIER.

4.4 Robustness test

Following the relevant research by Xie and Wang (2020), this study conducts robust-
ness tests using two approaches. First, the original consistency threshold is increased
from 0.800 to 0.850, resulting in configurations that remain consistent with the orig-
inal findings. Second, building upon the increase of the original consistency thresh-
old to 0.850, the PRI consistency threshold is raised from 0.700 to 0.800. This gen-
erates configurations that are subsets of the original results, corresponding to H1b,
Hlc, H1d, and H2b in the original configurations. These findings are largely consist-
ent with the original results, demonstrating the robustness of the research outcomes.

5 Conclusion and policy implications
5.1 Research conclusion
This paper first enriches the resilience evaluation system of regional digital inno-

vation ecosystems based on existing research. Using panel data from 30 provinces
and cities in China (excluding Hong Kong, Macao, Taiwan, and Tibet) from 2017
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to 2021, the entropy TOPSIS method is employed to calculate the RDIER. Second,
from a resource orchestration perspective, this study selects four types of traditional
resources and capabilities, including talent resources, and three types of digital
resources and capabilities. The fSQCA method is utilized to explore the configura-
tion pathways for enhancing the RDIER, revealing the essential interplay of core
conditions and antecedent conditions influencing resilience improvement. The main
conclusions of this study are as follows.

(1) The RDIER demonstrates a fluctuating upward trend, indicating an overall
improvement in its adaptive and risk mitigation capabilities. This result generally
agrees with the findings of Chen and Cai (2023). Nevertheless, despite this observed
trend, several crucial challenges persist. First, the rate of resilience enhancement
in regional digital innovation ecosystems is insufficient, implying the need to fur-
ther strengthen their adaptability and recovery capacity when confronted with rapid
changes and uncertainties. In recent years, the inadequate driving force behind the
resilience enhancement of China’s regional digital innovation ecosystems, brought
about by challenges such as the COVID-19 pandemic and escalating Sino-US trade
tensions, has hindered the speed of resilience improvement. Second, significant
disparities exist among different regions, possibly attributable to variations in the
degree of digital development, innovation capabilities, and resource allocation. Con-
sequently, to enhance the RDIER, it is imperative to intensify attention on the pace
of enhancement while actively promoting balanced development of resources and
capabilities to narrow the gaps between regions.

(2) Neither traditional nor digital resources and capabilities alone are sufficient
to enhance the RDIER. This is because the RDIER is a complex and comprehensive
characteristic that requires the integrated utilization and synergistic effect of differ-
ent types of resources and capabilities. Traditional resources and capabilities can
provide fundamental support, such as human resources, material assets, and industry
experience (Xu et al. 2022; Zhang et al. 2024), while digital resources and capabili-
ties emphasize technological innovation, digitalization capabilities, and data-driven
abilities. By leveraging and integrating traditional and digital resources and capa-
bilities, regional digital innovation ecosystems can better cope with uncertainties
and risks, and possess stronger adaptability and innovation capabilities. This com-
prehensive configuration of resources and capabilities is crucial to ensure the con-
tinuous development and innovation of regional digital innovation ecosystems in an
ever-changing environment.

(3) Traditional and digital resources and capabilities provide multiple pathways to
enhance the RDIER. First, there are two core paths, namely H1 Technological Inno-
vation-Digital Platforms type and H2 Financial-Physical Dominant type. Configura-
tion H1 emphasizes technology innovation and the construction of digital platforms,
aiming to promote the healthy development of the region through the enhancement
of technological innovation and digital capabilities, as well as the establishment of
digital platforms and ecosystems. Configuration H2 focuses on the dominant role of
financial and physical resources, aiming to promote the RDIER through financial
investments and the construction of physical infrastructure. Second, these two core
paths can be further subdivided into six configurational paths, each representing a
different way of allocating resources and requiring a combination of traditional and
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digital resources and capabilities. Among them, the "balanced resources and capa-
bilities type" is the most important driving path to enhance the RDIER. This also
re-emphasizes that to enhance the RDIER, it is important to focus not only on the
accumulation and development of traditional resources and capabilities but also on
the cultivation and application of digital resources and capabilities.

(4) The absence of technological innovation capabilities and inadequate digital
governance emerge as critical factors constraining the enhancement of RDIER. The
absence of these two factors renders regional digital innovation ecosystems vulner-
able when confronted with changes and challenges. First, the lack of technologi-
cal innovation capabilities hampers the speed and quality of regional innovation,
making it difficult to swiftly adapt to new technological advancements and market
demands. Second, insufficient digital governance hinders effective data management
and security protection, impeding collaboration and synergistic innovation in the
digital environment. These issues collectively weaken the RDIER, rendering them
less capable of responding to external shocks and internal changes.

5.2 Policy implications

Based on the above research results, this paper has the following policy implications.

First, it is essential to establish innovative spatial carriers that complement each
other, fostering a conducive atmosphere for coordinated regional development. To
rapidly enhance overall RDIER, each region should leverage its comparative advan-
tages, creating synergistic efforts that promote a more balanced resilience across the
entire ecosystem. For the eastern and central regions, it is essential to leverage the
radiation effect of resources and capabilities while steadily developing the economy
and enhancing ecosystem resilience. This approach aims to drive the improvement
of resilience in less developed regions. In the western and northeastern regions, it is
important to base efforts on practical development and effectively extend configura-
tional thinking to resilience enhancement. By fully utilizing existing resources and
capabilities, the goal is to financialize strengths and address weaknesses, narrowing
the gap between regions and preventing the widening digital divide.

Second, it is important to uphold the parallel development of “traditional + digi-
tal” approaches to empower the iterative upgrading of ecosystem resilience. This
study reveals that in each pathway that promotes the enhancement of RDIER, there
exists a synergistic linkage effect between traditional and digital resources and capa-
bilities. This not only highlights the complexity of improving RDIER but also signi-
fies that focusing solely on one aspect of resources or capabilities cannot achieve
comprehensive ecosystem effects. The enhancement of RDIER requires the collabo-
rative contribution of multiple innovative elements. Therefore, it is crucial for each
region to fully unleash the value of “traditional +digital” resources and capabili-
ties. By strategically allocating traditional and digital resources and capabilities, the
RDIER can be optimized to withstand external shocks and disturbances effectively.
This approach ensures a more stable and sustainable development of the regional
digital innovation ecosystem.
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Third, enhancing technological innovation capabilities and strengthening digital
governance are crucial. The research findings indicate that RDIER improvement is
hindered by the generally low levels of technological innovation capabilities and
digital governance capacity within regions. This limitation makes it challenging
to enhance ecosystem resilience by effectively integrating traditional and digital
resources. For these regions, while continuously enriching resource reserves, it is
imperative to adopt a two-pronged approach. First, efforts should be intensified to
address weaknesses in basic research and achieve breakthroughs in core technolo-
gies, leveraging the leadership role of leading enterprises and the connecting role
of digital platforms. This will foster a comprehensive and multifactor-driven pattern
of technological innovation. Second, the focus should be directed toward resolving
the pain points and challenges in governance. This entails accelerating the construc-
tion of a digital governance institutional framework, harnessing the full potential
of digital technologies to empower grassroots governance, and promoting a holis-
tic governance chain for innovative data applications. By continuously enhancing
digital governance capabilities, these regions can effectively respond to and adapt to
external environmental shocks.

5.3 Limitations and future research

Although this paper has made certain research progress, it still has the follow-
ing limitations. First, while panel data were used, we did not address the dynamic
changes in the pathways for enhancing RDIER. Future research could employ the
dynamic QCA method to investigate the variations in the demand for traditional and
digital resources and capabilities at different stages of regional digital innovation
ecosystem development. Second, there is a need for further research on the differ-
entiated configurational pathways across different regions. This study conducted a
comprehensive analysis using a sample of 30 provinces and cities. However, it did
not perform a differentiated analysis of the pathways for enhancing resilience in the
digital innovation ecosystem in different regions. Future research could consider
regional variations, such as dividing regions into eastern, central, and western parts
or distinguishing between coastal and noncoastal areas.
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