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Abstract

This study investigates the resilience of service supply chains and its role in promoting
sustainable regional development in China. Based on data from 31 provinces between 2017
and 2023, we develop a multidimensional evaluation framework grounded in the structure,
relationship, and subject model. Using entropy weighting, fuzzy-set qualitative compara-
tive analysis, necessary condition analysis, and OLS regression, we identify three dominant
configurations: cost-adaptive, cost-growth, and technology-driven. Among them, the
cost-adaptive path remains statistically significant when tested against updated 2023 data.
The findings reveal persistent regional disparities and demonstrate how context-specific
strategies can shape service resilience under institutional and market variations. This study
contributes to supply chain sustainability research by integrating recent empirical evidence
with configurational analysis, offering practical policy insights for balancing efficiency,
adaptability, and inclusive development.

Keywords: service supply chain resilience; regional sustainability; fuzzy-set analysis;
China; empirical validation

1. Introduction

The growing complexity of global service economies has heightened the importance
of building resilient supply chains. Unlike manufacturing systems, service supply chains
rely on real-time interactions, intangible outputs, and minimal inventory buffers, making
them particularly vulnerable to disruption [1,2]. Events such as the COVID-19 pandemic,
geopolitical instability, and technological shifts have exposed the fragility of these systems
and underscored the need for resilience-oriented strategies [3,4].

Resilience in this context refers to the ability of supply chains to absorb shocks, adapt
to changes, and maintain continuity [5]. While resilience research has gained momentum,
most studies are rooted in manufacturing contexts or firm-level perspectives [6]. Compar-
atively few have addressed how resilience evolves in service ecosystems, particularly in
geographically diverse and institutionally asymmetric economies [7].

China offers a relevant context, as its service sector now accounts for over 50% of the
national GDP [8]. However, service supply chains remain uneven across provinces. While
eastern regions benefit from advanced infrastructure and innovation, central and western
areas face structural and market constraints [9,10]. This spatial disparity presents an
opportunity to examine how region-specific conditions shape diverse resilience pathways.

Despite increasing attention to service supply chain resilience (SSCR), key gaps remain.
Many studies isolate individual drivers, rather than exploring configurational patterns [11].
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Regional heterogeneity is seldom analyzed systematically [12], and few assessments con-
sider the combined effects of structural, relational, and behavioral dimensions [13,14].

This study addresses these gaps by constructing a multidimensional evaluation frame-
work for SSCR across 31 Chinese provinces. Anchored in the structure-relationship—subject
(SRS) model, the framework incorporates cost control, efficiency optimization, and market
adaptation dimensions. Using a mixed-method approach that combines entropy-based
weighting, fuzzy-set qualitative comparative analysis (fsQCA), necessary condition anal-
ysis (NCA), and OLS validation with updated 2023 data, the study identifies both the
conditions and configurations that lead to high resilience.

The study seeks to answer the following questions:

e  How can service supply chain resilience be measured across regions using a multidi-
mensional framework?

e  What condition combinations drive high resilience in different provincial contexts?

e  How do these configurations vary over time and inform sustainable policy design?

2. Literature Review and Framework Development
2.1. Literature Review

Resilience has emerged as a vital construct in supply chain management, particularly
in response to the growing volatility and complexity of global service economies. Defined as
the ability of supply chains to resist, absorb, and recover from disruptions [14,15], resilience
has traditionally been studied in manufacturing contexts. However, service supply chains
(SSCs) exhibit distinct features such as intangibility, simultaneity, and dependency on
relational coordination, which render them especially vulnerable to external shocks [4].
These characteristics call for alternative conceptualizations and analytical approaches when
examining resilience in service systems.

To clarify the contextual distinctiveness of SSCs, Table 1 outlines the fundamental
differences between manufacturing and service supply chains. This comparison not only
highlights the operational and structural divergence between the two systems but also
provides theoretical justification for adopting a service-specific resilience framework in
this study.

Table 1. Key differences between manufacturing and service supply chains.

Dimension z{la;;?g;::;g Service Supply Chains  Resilience Implication References
Tangible, storable Intangible, perishable SSCs cannot rely on Atadoga et al.
Output Type products services inventory buffers [16]
Sequential Simultaneous Reauires real-time
Production Logic production and production and Eoor dination Amico et al. [17]
consumption consumption
. . . Needs relational Huang &
Customer Role Passive receiver Active co-producer flexibility Farboudi [18]
Governance Linear asset-based Networked, Trust and information Fornasiero and
Mode ! platform-based flow are critical Tolio [19]
. . Reconfigure . .
Disruption . . . Emphasizes behavioral .
Strategy Restore physical flow  human-digital service and digital agility Shi et al. [20]

interactions

Unlike prior studies that merely list structural differences between service and man-
ufacturing chains, this study explicitly integrates such distinctions into the theoretical
backbone of the SRS framework. The core rationale is that service supply chains’ unique
reliance on real-time interactions, relational coordination, and cognitive agility necessi-



Sustainability 2025, 17, 6073

30f24

tates a redefinition of resilience not as inventory buffering but as systemic responsiveness,
adaptive co-production, and digital orchestration.

To advance theoretical clarity, it is essential to trace how the concept of service supply
chain resilience (SSCR) has evolved over time. Table 2 provides a synthesis of representative
definitions proposed by influential scholars, reflecting a shift in emphasis from static
resistance and recovery toward dynamic adaptation, collaboration, and behavioral agility.
This progression underscores that resilience is increasingly viewed as a systemic capability
embedded in complex, interactive environments.

Table 2. Definition of supply chain resilience by different scholars.

Timeline

Scholars Service Supply Chain Definition Trend

Early Construction and
Operations Management

Phase

(circa pre-2000 to 2005)

Networking and
Resource Integration

Phase
(2005-2009)

Institutionalization and
Interactive Cooperation

Phase
(2009-2015)

Complexity and Multi-
Centralization Phase

(2015-Present)

The process of effectively managing
all aspects of information, operations, Early focus on
capacity, service quality, and funding operational efficiency
from the primary service provider to and integration.
the ultimate customer.
A network of interconnected
organizations that strategically

Vrijhoef & Koskela [21];
Boddy et al. [22];
Juttner et al. [23];

Peck [24]

Manyena [25]; utilizes diverse resources and fSIZ;fli)fﬁzva;g;
Pettit [26]; Ponomarov  transforms them into service delivery, netwo r}17< ed
& Holcomb [27] leveraging skills and knowledge to collaboration

Ponis & Koronis [28];
Pettit et al. [15];

achieve personalized solutions with
heightened flexibility.
The institutionalized arrangement
involves the interaction between one
or more service providers and one or

Increasing emphasis
on customer

Tukamuhabwa . . ; .
more service customers, all working interaction.
etal. [29] .
towards a shared objective.
The service supply chain tends to
Ribeiro & Barbosa- function as a hub rather than a linear Recognition of

Povoa [30]; Adobor [31]; sequence, exhibits limited scale, and
Shishodia et al. [32]; encompasses multiple entities
Ivanov [14] throughout the phases of service
creation and delivery.

complexity and
interconnected
systems.

These evolving definitions suggest that SSCR is best understood as a multi-dimensional
construct. Building on this foundation, a growing stream of literature emphasizes that
resilience is not the outcome of a single factor but the result of interactions among multiple
conditions. Structural factors include infrastructure and institutional capacity that support
operational stability [33]. Relational dimensions involve inter-organizational collaboration,
trust, and responsive communication [34]. Behavioral elements refer to the internal agility,
learning ability, and innovation capabilities of firms within the supply chain [13,35]. De-
spite these developments, few studies have systematically integrated these dimensions into
a cohesive framework that reflects the complexity of service supply chains.

Collectively, the extant literature highlights the growing significance of service supply
chain resilience amid global volatility and institutional asymmetry. While previous studies
have identified key structural and relational drivers, they tend to adopt fragmented perspec-
tives that isolate individual factors and often neglect the role of behavioral adaptability. Fur-
thermore, resilience research has largely focused on firm-level or national analyses, with a
limited exploration of meso-level dynamics, particularly how economic structure, coordina-
tion mechanisms, and institutional support interact across regions. Theoretical integration
across structural, relational, and behavioral domains remains insufficient, as does attention
to the configurational nature of resilience across spatial contexts. This study addresses
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these gaps by applying a multidimensional and configurational approach, grounded in the
structure, relationship, and subject (SRS) framework, to evaluate how diverse combinations
of resilience conditions contribute to service supply chain resilience at the regional level.
In doing so, it bridges the fields of supply chain management and regional development,
offering a context-sensitive perspective on sustainability-oriented resilience.

2.2. Structure—Relationship—Subject Framework

The SRS framework conceptualizes service supply chain resilience as a multidimen-
sional construct encompassing structural, relational, and subjective dimensions. Structural
resilience refers to the system’s capacity for cost efficiency, loss absorption, and infrastruc-
tural robustness, including institutional support mechanisms that buffer against shocks.
Relational resilience emphasizes inter-organizational coordination, trust, and response
speed, which facilitate adaptive collaboration across actors [35,36]. Subjective resilience, of-
ten overlooked in quantitative frameworks, captures the behavioral and cognitive capacities
of actors such as flexibility, innovation, and learning to proactively respond to uncertainty.

While each dimension contributes distinctively to resilience, their effects are inherently
interdependent. For example, strong relational ties may partially compensate for structural
deficiencies, and behavioral adaptability can accelerate recovery in resource-constrained
settings. Therefore, a comprehensive evaluation of resilience must account for the interplay
among these three dimensions, especially when assessing regional variations in service
systems. This framework provides the foundation for the study’s indicator design and
configuration analysis (Figure 1).

Servi Iv chai Service economy Servi Iv chai Servi Iv chai ¢
ervice supply chains : " ervice supply chains ervice supply chain operates
PP —Hinder— sustainable |<#—Promote— PP PP I
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development :
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Figure 1. Research framework.

2.2.1. Structural Dimension: Cost Control

The structural dimension of service supply chain resilience refers to the foundational
institutional and infrastructural conditions that enable a system to maintain operational
continuity under disruption. These structural elements provide the “hard environment”
upon which adaptive and relational mechanisms can function effectively [33]. In the context
of regional service economies, such as those across China’s provinces, structural resilience
is reflected in cost stability, resource control, and institutional responsiveness.

This study conceptualizes structural resilience through three primary aspects. First,
cost efficiency is critical for ensuring that service supply chains can absorb fluctuations
without passing disproportionate burdens onto end users or partners. Second, risk control

mechanisms, including loss recovery and pre-disruption planning, enhance a region’s
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capacity to mitigate external shocks. Third, adaptive institutional capacity encompasses
fiscal flexibility, regulatory responsiveness, and logistical infrastructure, which collectively
underpin a region’s ability to maintain service continuity in uncertain environments [37,38].
By capturing these components, the structural dimension offers insight into how
resilient infrastructure and policy environments condition the response capacity of service
supply systems, particularly in regions characterized by uneven economic development.

2.2.2. Relational Dimension: Efficiency Optimization

The relational dimension of service supply chain resilience emphasizes the role of inter-
organizational linkages in facilitating rapid and effective responses to external disruptions.
Unlike manufacturing supply chains, which may rely on inventory buffers or physical
redundancies, service supply chains are often dependent on real-time collaboration, infor-
mation sharing, and mutual commitment among actors [34,39]. In this context, relational
resilience is defined by the quality and density of communication networks, contractual
stability, and the degree of trust that enables coordinated action under uncertainty.

This dimension comprises three core elements. First, collaborative coordination mech-
anisms such as joint planning, flexible delivery arrangements, and crisis response protocols
are essential for maintaining service flow during disruptions. Second, information integra-
tion ensures transparency and speed in decision-making across the chain. This capacity is
further enhanced via digital connectivity and data interoperability. Third, relational trust
builds social capital among supply chain partners, reduces opportunistic behavior, and
enables risk-sharing during periods of stress [35,40].

Together, these relational factors determine the resilience capacity embedded in net-
work structures. In spatially uneven contexts such as China’s provincial economies, dif-
ferences in relational embeddedness significantly influence the ability of service supply
chains to respond collectively and recover efficiently.

2.2.3. Subject Dimension: Market Adaptation

The subject dimension centers on the behavioral and strategic capabilities of actors
within the service supply chain, particularly their ability to anticipate, absorb, and adapt
to disruptions. In service-based systems, where outputs are co-produced and highly time-
sensitive, organizational agility becomes a critical component of resilience. This dimension
reflects the “soft infrastructure” of the supply chain, encompassing leadership adaptability,
internal learning, and dynamic decision-making [13,36].

Three aspects define this dimension. First, technological agility refers to the ability to
adopt and integrate digital tools for service delivery, monitoring, and adaptation. Cloud
computing, real-time analytics, and Al-based diagnostics can enhance responsiveness.
Second, strategic flexibility includes the readiness to revise operational plans, reallocate
resources, and pivot service offerings in response to demand volatility. Third, innovative
learning captures an organization’s capacity to extract lessons from past disruptions and
institutionalize them into resilient routines [35].

These behavioral capabilities play a critical role in shaping resilience outcomes, partic-
ularly when structural or relational supports are limited. In less-developed regions, strong
subject-level adaptability may compensate for external constraints, enabling local service
systems to recover effectively despite systemic vulnerabilities.

2.2.4. Summary of Dimensions and Theoretical Foundations

To consolidate the theoretical model and prepare for empirical analysis, this section
summarizes the three dimensions of service supply chain resilience: structural, relational,
and subject-based. Each dimension is associated with specific constructs, theoretical founda-
tions, and representative literature. These dimensions do not operate in isolation. Instead,
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they function as interdependent subsystems that jointly shape the resilience capacity of
regional service economies. The structural dimension reflects institutional and infrastruc-
tural readiness. The relational dimension emphasizes coordination and trust among supply
chain actors. The subject dimension captures the adaptive and behavioral capabilities of
organizations embedded within the service chain.

Table 3 presents a synthesized mapping that links each dimension with its key con-
structs and corresponding theoretical foundations. This framework serves as the basis for
selecting indicators and developing the measurement model, which is described in the
next chapter.

Table 3. Conceptual dimensions and key theories.

Dimension Key Constructs Key Theories Theoretical Reference
Cost deviation, cost adaptation, Institutional theory, Tang [41]; Dolgui et al. [33];
Structural
loss cost resource dependence Zhang et al. [37]
Relational Response time, turnaround Social capital theory, Scholten & Schilder [39]; Dubey
speed, sector growth relational view et al. [34]; Chen et al. [40]
Subiect Der‘éi?if;eghfi)éfiﬁy Dynamic capabilities Gattorna & Ellis [35]; Roblek &
) ] theory Dimovski [36]; Suali et al. [13]

technological innovation

By consolidating these dimensions and constructs, the study develops a theoretically
grounded and empirically operable framework for examining resilience across service sup-
ply chains in regionally diverse contexts. This foundation supports the operationalization
of variables, as discussed in the methodology section that follows.

3. Service Supply Chain Resilience Measurement System
3.1. Data Collection and Period Selection

This study draws on provincial-level panel data from 2017 to 2023, covering 31 regions
across mainland China. Data from 2017 to 2021 were used to construct the primary indica-
tors for structural, relational, and behavioral resilience. These five years of data provided a
stable empirical basis for evaluating each province’s performance in service supply chain
resilience and for conducting the main configurational analysis using 2021 as the focal year.
The 2022 data were employed to validate the robustness of the identified configurations
under slightly changed external conditions. In addition, the 2023 data were used to test the
temporal applicability of the causal pathways, assessing whether the core configurations
maintained explanatory power over time.

To enable empirical assessment, the three theoretical dimensions—structural, rela-
tional, and subject-based resilience—were further specified by operationalizing and quanti-
fying their underlying constructs into measurable indicators. Each indicator was selected
based on its theoretical relevance to one of the three dimensions defined in the SRS frame-
work: structural (cost control), relational (efficiency optimization), and subject-based (mar-
ket adaptation). These indicators constitute a structured evaluation system, as presented
in Table 4, and serve as inputs for subsequent weighting, calibration, and configurational
analysis. All data were obtained from authoritative national yearbooks and official re-
ports published by relevant government agencies. In cases of missing provincial data, the
nearest available proxy or interpolation method was applied to ensure consistency and
comparability across regions and years.
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Table 4. Selection and measurement of conditional variables.
Dimension Variable Definition Formula Data Source Th;(;rseitslcal
Percentage China Fiscal
Cost difference between (Actual Cost—Budgeted Yearbook; Cost accounting
Deviation actual and Cost)/Budgeted Cost x 100%  Provincial Finance theory [42,43]
budgeted cost. Yearbooks
fg‘iizll?lhstgcsgrt?s China Statistical Supply chain
Cost sustaiyn output Industry Yearbook; China resil?eiZe theor
Cost Control Adaptation P Value-Added/Industry Cost City Statistical y
under cost Yearbook [44-46]
pressures.
China Tertiary
. Ratio of total Industry Cost/Industry Industry Statls'tlcal . Resource
Loss Cost industry cost to Outout Value Yearbook; China efficiency theory
output value. P Statistical [47,48]
Yearbook
Value-added from Cg:;?:&izf r
Response service investment  Industry Value-Added/New . Service efficiency
. . Yearbook; China
Time per unit of new Employment Statistical theory [49]
employment. Yearbook
Proportion of China Tertiary
Efficiency p . Actual Service Industry Statistical Public
Y Turnaround planned service . .
Optimization . . Investment/Planned Service Yearbook; Local investment
Speed investment that is
Investment Development theory [50,51]
completed. R
eports
China Tertiary
. Annual growth (Value-Added{—Value- Industry Statistical Structural
Industrial & y
Growth rate of service Added;_1)/Value-Added _1 Yearbook; China transformation
value-added. x 100% Statistical theory [52-54]
Yearbook
Growth rate of China Tertiary
service-sector legal (Enterprises; — Industry Statistical Organizational
Development e . e Do
Flexibility entities, indicating Enterprises;_1)/ Yearbook; China flexibility theory
organizational Enterprises;_; x 100% City Statistical [55,56]
flexibility. Yearbook
Prosi?;tilcog of China & Regional
. . Statistical New structural
Market Resource value-added in Service Sector Yearbooks: China economics
. Coherence GDP, indicating Value-Added/GDP .
Adaptation Economic Census [57,58]
resource Yearbook
coherence.
. China Tertiary
serI\)zli‘Sep?iiEfsnu(;fin Industry Statistical
. - ; & Enterprises with Information Yearbook; China Service
Technological information . . . .
: e Systems/Total Service Science and innovation
Innovation systems, indicating .
. Enterprises Technology theory [59,60]
technological .
innovation Statistical
’ Yearbook

Note: Several variables represent proxy measures constructed from macroeconomic indicators.

3.2. Index System Construction

Based on the SRS framework, this study constructs a multidimensional evaluation in-

dex system comprising three primary dimensions: structural, relational, and subject-based

resilience. Each dimension consists of a set of indicators selected for their conceptual align-

ment, empirical relevance, and data availability across all 31 Chinese provinces from 2017 to
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2021. These indicators were introduced and theoretically justified in Section 2.2. To ensure
methodological consistency, each variable was directionally coded according to its expected
effect on resilience and directly processed using the entropy weight method (Table 5).

Table 5. Indicator weights in the SSCR evaluation framework.

Indicator

Entropy Value (e)  Utility Value (d) Entropy Weight (%) PCA Weight (%)

Cost deviation
Cost adaptation
Loss cost
Response time
Turnaround speed
Sector growth
Development flexibility
Resource coherence
Technological innovation

0.86 0.14 7.86 9.10%
0.85 0.15 10.52 15.37%
0.83 0.17 9.43 12.72%
0.76 0.24 13.56 9.10%
0.85 0.15 9.36 15.37%
0.86 0.14 7.81 1.87%
0.73 0.27 15.42 2.05%
0.83 0.17 9.43 15.25%
0.71 0.29 16.61 6.75%

Given that the original dataset exhibited moderate variance across indicators and
a relatively uniform dispersion across provinces, there was a potential concern that the
entropy weighting method might yield overly uniform weights, thereby underemphasizing
theoretically critical dimensions. To address this issue, a robustness check was performed
using principal component analysis (PCA) on Z-score standardized data. The proxy
weights derived from the first principal component revealed structural differentiation and
partially converged with the entropy-based weights, especially for key indicators such
as cost adaptation and turnaround speed, thereby reinforcing the validity of the original
index construction.

However, notable discrepancies were also observed. For example, technological in-
novation and development flexibility received higher weights under the entropy method,
whereas PCA placed greater emphasis on cost-related indicators. These differences reflect
the distinct methodological orientations of the two approaches: entropy weighting captures
informational dispersion across regions, while PCA prioritizes underlying variance struc-
tures. Given the objective nature of the entropy method and its suitability for measuring
cross-regional heterogeneity, it is retained as the primary weighting strategy in this study;,
with PCA results serving as a robustness check.

4. Analysis of Measurement Results of Service Supply Chain Resilience
4.1. Development Level of Resilience

To gain a comprehensive understanding of the resilience of China’s service supply
chain across regions and time periods, this section will quantitatively analyze the resilience
for each province from 2017 to 2021. Using the entropy weight method on relevant data,
this study reveals significant disparities in resilience development among provinces. The
following analysis will further clarify how these differences appear in regional supply chain
resilience and provide empirical evidence for the diversity of supply chain development
throughout China.

From Table 6, it can be seen that the province with the highest average value of service
supply chain resilience comprehensive water in China from 2017 to 2021 is Beijing (1.28),
and the lowest province is Tibet (0.33). Among them, the comprehensive level of Beijing
is 3.88 times that of Tibet, which shows that the gap between the comprehensive levels
of service supply chain resilience in different provinces is more obvious. The highest
comprehensive water average value in the eastern region is Beijing (1.28), and the lowest
province is Jilin (0.39); the highest comprehensive water average value in the central region
is Shanxi (0.66), and the lowest province is Jiangxi (0.39); the highest comprehensive water
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average value in the western region is Inner Mongolia (0.50), and the lowest province is
Tibet (0.33). It can be seen that there are also differences in the comprehensive level of

service supply chain resilience in different provinces in the same region.

Table 6. Service supply chain resilience level index of all provinces in China.

Province 2017 2018 2019 2020 2021 Average Value Rank
Beijing 0.86 227 1.04 1.11 1.14 1.28 1
Tianjin 0.49 0.44 0.43 0.41 0.44 0.44 13
Hebei 0.42 0.42 0.38 0.37 0.36 0.39 25
Shanxi 0.64 0.70 0.66 0.65 0.63 0.66 4

Inner Mongoria IM 0.39 0.54 0.51 0.51 0.52 0.50 8

Liaoning 0.71 0.85 0.80 0.82 0.81 0.80 3

Jilin 0.39 0.43 0.36 0.39 0.39 0.39 24
Heilongjiang 0.51 0.49 0.41 0.41 0.41 0.45 10
Shanghai 0.91 1.73 1.04 1.01 1.04 1.15 2
Jiangsu 0.55 0.74 0.53 0.57 0.60 0.60 6

Zhejiang 0.51 0.66 0.47 0.49 0.48 0.52 7
Anhui 0.38 0.43 0.39 0.41 0.42 0.41 20
Fujian 0.41 0.43 0.44 0.44 0.45 0.43 14
Jiangxi 0.38 0.39 0.38 0.42 0.40 0.39 23

Shandong 0.47 0.52 0.44 0.46 0.48 0.47 9
Henan 0.38 0.45 0.37 0.38 0.39 0.40 22
Hubei 0.40 0.43 0.41 0.41 0.44 0.42 16
Hunan 0.41 0.41 0.38 0.43 0.41 0.41 17

Guangdong 0.63 0.79 0.56 0.56 0.59 0.63 5

Guangxi 0.35 0.38 0.36 0.36 0.35 0.36 27
Hainan 0.41 0.42 0.43 0.46 0.49 0.44 12

Chongging 0.39 0.44 0.38 0.40 0.42 0.41 18

Sichuan 0.41 0.45 0.39 0.38 0.40 0.41 19

Guizhou 0.37 0.35 0.32 0.35 0.36 0.35 28

Yunnan 0.36 0.38 0.38 0.37 0.33 0.36 26

Tibet 0.28 0.38 0.30 0.28 0.40 0.33 31

Shaanxi 0.34 0.39 0.32 0.33 0.33 0.34 29
Gansu 0.34 0.49 0.42 0.44 0.43 0.42 15

Qinghai 0.35 0.30 0.33 0.31 0.33 0.33 30

Ningxia 0.34 0.38 0.49 0.52 0.50 0.45 11

Xinjiang 0.33 0.40 0.44 0.44 0.39 0.40 21

From a national perspective, the level of resilience in China’s service supply chain
exhibited an overall trend of fluctuating increase from 2017 to 2021. At the regional level,
the development of resilience in the service supply chain followed a distribution pattern
of “east > central > west”, with the comprehensive level in the eastern region surpassing
that at the national level, while lagging behind in both central and western regions. The
significant disparity in regional development can be attributed to factors such as socio-
economic foundations and geographical conditions. The eastern region boasts higher levels
of economic development compared to its counterparts in central and western regions,
along with more advanced infrastructure and abundant resources, which provide favorable
conditions for fostering resilience in the service supply chain.

4.2. Resilience by Dimension

Service supply chain resilience is multi-faceted, encompassing efficiency optimiza-
tion, cost control, and market adaptation. A deeper comparative analysis across these
dimensions reveals distinct regional patterns and provides nuanced insights into resilience
strategies within China’s heterogeneous economic landscape.
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4.2.1. Comparative Overview of Dimensions

From 2017 to 2021, substantial disparities in resilience dimensions emerged across Chi-
nese provinces. Shanghai excelled notably in efficiency optimization, achieving the highest
average score nationwide. Beijing led distinctly in cost control and market adaptation, sig-
nifying robust infrastructural and institutional frameworks coupled with strong adaptive
capacities. Conversely, Tibet consistently ranked lowest across all dimensions, reflecting
structural deficiencies and limited market dynamics inherent to underdeveloped regions.

Spatially, resilience exhibited a clear gradient of “east > central > west.” The eastern
provinces generally maintained higher resilience scores across all dimensions, driven by
developed infrastructure, concentrated industrial clusters, and advanced service manage-
ment practices. Central and western provinces demonstrated constrained resilience due to
limited economic diversity, weaker institutional support, and infrastructural inadequacies.

4.2.2. Typological Clusters by Dimension Strength

Provincial performances across dimensions suggest the emergence of three distinct
resilience clusters:

e  [Efficiency-Driven Cluster (Shanghai, Guangdong): Provinces in this category capitalize
on sophisticated industrial networks, high-speed resource reallocation capabilities,
and advanced digital infrastructure. These attributes allow for rapid responsiveness
and optimized turnaround times, which are crucial for maintaining service continuity
during disruptions. These strengths are underpinned by long-standing regional
advantages, including concentrated policy attention, better access to technological
ecosystems, and sustained investment in public service coordination mechanisms. As
a result, these provinces exhibit not only operational agility but also deeper systemic
readiness for external shocks.

o  Cost Control-Oriented Cluster (Beijing, Jiangsu): Provinces excelling in cost control
exhibit superior infrastructural investments, rigorous financial management frame-
works, and robust institutional environments. These factors collectively enhance their
ability to absorb shocks without a substantial escalation in operational costs. Their
resilience reflects mature administrative systems and stable economic environments,
where fiscal discipline and institutional responsiveness form a solid foundation for
managing volatility and maintaining service continuity.

e  Market Adaptation Cluster (Sichuan, Anhui): Provinces within this cluster demon-
strate resilience primarily through strategic agility and innovation responsiveness,
compensating for relatively weaker structural and relational dimensions. This flexibil-
ity allows them to swiftly adapt to market volatility and shifting consumer demands,
underscoring the importance of adaptive capabilities in resilience strategies. Rather
than relying on advanced infrastructure or external support, these regions draw
strength from localized experimentation, proactive enterprise behavior, and grow-
ing integration with emerging service platforms. Their resilience emerges through
continuous learning and adaptive adjustment under constrained conditions.

4.2.3. Integrative Analysis and Strategic Implications

This dimensional analysis emphasizes that service supply chain resilience is not a
singular construct but a composite of interdependent dimensions. Provinces can strategi-
cally leverage their strengths in one dimension to compensate for weaknesses in others.
For instance, Sichuan’s strength in market adaptation partially offsets its infrastructural
deficits, while Beijing’s robust cost control mechanisms mitigate potential inefficiencies in
resource coordination.
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These insights reinforce the significance of adopting a configurational perspective to
understand resilience comprehensively. Policymakers and managers should thus tailor re-
silience strategies to regional characteristics—capitalizing on dimension-specific strengths
while systematically addressing structural and relational weaknesses. The following sec-
tions of this study apply fuzzy-set qualitative comparative analysis (fsQCA) to further
explore these configurational dynamics and derive empirically informed pathways for
enhancing regional resilience.

5. Improving Service Supply Chain Resilience and Pathways
5.1. Measurement and Calibration

Building on the previous analysis of the service supply chain resilience measurement
results, this study further explores the matching relationship between the resilience de-
velopment of the service supply chain and the dynamics of the overall environment. By
aligning the resilience development of the service supply chain with the current environ-
mental changes, the study aims to identify the optimal development path under existing
environmental conditions. This process not only helps reveal the adaptive changes of the
service supply chain in different scenarios but also provides theoretical support for further
analysis and optimization of its resilience [61].

To quantify and analyze this matching relationship, the study adopts fuzzy-set quali-
tative comparative analysis (fsQCA), combining empirical data with a theoretical frame-
work to explore the complex interaction mechanisms between service supply chain re-
silience and the regional environment. To assign membership degrees to both outcome
and condition variables, the study employs the direct calibration method and transforms
raw values into fuzzy scores ranging from 0 to 1. Calibration anchor points are set
at the 0.95, 0.50, and 0.05 quantiles, representing full membership, crossover, and full
non-membership, respectively.

These thresholds are widely adopted in fsSQCA literature and ensure a clear distinction
between full inclusion, full exclusion, and ambiguity zones [62,63]. The selected quantiles
also align with the empirical distribution of the dataset, where extreme values are rare but
theoretically meaningful. The calibration information for all variables is detailed in Table 7.

Table 7. Calibration of conditions and results.

Conditions & Results

Calibrations

Fully In Crossover Fully Out

Cost deviation 2.62 0.12 —0.24
Cost control Cost adaptation 0.84 0.61 0.46
Loss cost 0.2 0.11 0.03
. . Response time 3.62 1.12 0.76
Con'dltlon Ef.ﬁqenc-y Turnalzound speed 0.19 0.09 0.06
variables optimization Industrial growth 0.24 0.13 0.07
Development flexibility 0.67 0.51 0.45
Market adaptation Resource coherence 0.97 0.93 0.89
Technological innovation 112.2 107.7 106

Result variable: value-added index for services 0.11 0.06 —0.07

5.2. Necessity Analysis

The necessity test is crucial in identifying whether a certain condition is essential for
the outcome to occur, providing insights into the minimum requirements for achieving
service supply chain resilience. In this study, we conducted necessary condition analysis
(NCA) for each variable using two estimation methods: ceiling regression (CR) and ceiling
envelopment (CE). The effect size (d) was utilized to assess the significance of both the
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outcome and condition variables. The d value typically ranges from 0 to 1, where 0 < d < 0.1
indicates a minimal impact, 0.1 < d < 0.3 denotes a moderate impact, and 0.3 < d < 0.5
signifies a substantial impact [63]. Furthermore, it is important to note that the reference
significance result of the NCA analysis should have a p-value greater than 0.5.

Based on the effect size (d) results (Table 8), the significance of resource coherence
and technological innovation under both methods reaches more than 90%, but the effect
size d value is basically in the low-level influence interval. Although the industrial growth
in efficiency optimization can have a high impact on the resilience development of the
service supply chain, the significance under both methods is 0, which cannot prove its
necessity under the NCA method. The remaining conditional variables also have the
above characteristics more or less, so the conditional variables selected this time cannot
independently constitute the necessary conditions for the development level of service
supply chain resilience.

Table 8. Analysis of necessary conditions.

Variable Method  Accuracy C;:)l:;g Scope SI;Zifee(cctl) p-Value
o CR 87.10% 0.13 0.97 0.14 0.14
Cost deviation CE 100.00% 0.07 0.97 0.08 0.47
Cost . CR 100.00% 0.01 0.91 0.01 0.90
control Cost adaptation CE 100.00% 0.01 0.91 0.01 0.89
CR 100.00% 0.01 0.93 0.01 0.94
Loss cost CE 100.00% 0.01 0.93 0.01 0.94
Response time CR 100.00% 0.01 0.90 0.01 0.79
CE 100.00% 0.01 0.90 0.01 0.76
Efficiency Tumaround soced CR 100.00% 0.01 0.91 0.01 0.90
optimization P CE 100.00% 0.01 0.91 0.01 0.89
Industrial growth CR 74.20% 0.28 0.93 0.30 0.00
CE 100.00% 0.30 0.93 0.33 0.00
L CR 83.90% 0.15 0.94 0.16 0.08
Development flexibility CE 100.00% 0.15 0.94 0.16 0.04
Market CR 100.00% 0.01 0.95 0.01 0.94
adaptation Resource coherence CE 100.00% 0.01 0.95 0.01 0.94
Technological innovation <K 100.00% 0.00 0.94 0.00 1.00
CE 100.00% 0.00 0.94 0.00 1.00

Notes: a. 0 < d < 0.1 for low level of impact; 0.1 < d < 0.3 for medium level of impact; 0.3 < d < 0.5 for high level
of impact; b. permutation test in NCA analysis, number of replications = 10,000.

5.3. Configuration Analysis

Building on the necessity analysis, this section applies fuzzy-set qualitative com-
parative analysis (fsQCA) to identify sufficient combinations of conditions that lead to
high service supply chain resilience. Compared to variable-oriented techniques such as
regression analysis, fsSQCA was prioritized in this study because it better captures the con-
figurational and conjunctural nature of service supply chain resilience. Resilience is not the
result of any single factor but emerges from complex combinations of structural, relational,
and behavioral conditions, which may vary across regional contexts. The asymmetric logic
of £sQCA is particularly suited to this objective, as it allows for multiple, equally effective
causal pathways and accommodates heterogeneity across cases. This approach aligns
with the study’s goal of identifying distinct regional typologies, rather than estimating
average effects.

Although the previous section has analyzed the necessary conditions for result occur-
rence, it is imperative to assess the adequacy of these results in determining the configura-
tion path generated via the coordinated linkage of multiple factors.
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Through the analysis conducted using fsQCA software (version 4.1), it was discovered
that these diverse configurations represent different strategic approaches to achieve the
same outcome, resulting in high levels of service supply chain resilience. In this experiment,
the original consistency threshold and PRI consistency threshold were both set to 0.80,
while the case frequency threshold was set to 1 [64]. By operating the configuration model,
six conditional configurations with high levels of service supply chain resilience were
identified. These findings offer a comprehensive perspective for exploring how to establish
service supply chain resilience that aligns with the development of China’s service economy.

The analysis of the resilience configuration in high-level service supply chains reveals
its inseparability from the rapid growth of China’s service economy (Table 9). The result-
ing configurations can be categorized into three types, namely A-B configuration, C-E

a

configuration, and D-F configuration, representing “cost-adaptive,” “cost-growth,” and
“technically-sustainable” types, respectively. It should be noted that these configurations
are not mutually exclusive but, rather, highly correlated and mutually influential [65].
In the practical management of service supply chain resilience, different configuration
characteristics may integrate and intertwine with each other, giving rise to a more complex
and diversified modern mode of supply chain resilience. Therefore, functional departments
within the relevant sectors of the service supply chain need to flexibly employ various strate-
gies and methods based on their own business characteristics and market environment in

order to establish their own high-level service supply chain resilience configurations.

Table 9. Configuration to achieve a high level of service supply chain resilience.

Conditional Variables

Configuration A Configuration B Configuration C  Configuration D  Configuration E  Configuration F

Cost deviation
Cost adaptation
Loss cost
Response time
Turnaround speed
Industrial growth
Development flexibility
Resource coherence
Technological
innovation
Consistency
Raw coverage
Unique coverage
Overall consistency
Overall coverage

1+ 1+ 0 0 1 1
0+ 1 0+ 1 0+ 1
0 1 0+ 1 0+
1 0+ 1 1 0+
0+ 1 0+ 1 0+ 1
1+ 1+ 1+ 1+ 1+ 1+
1 1 0 0 0 1
0 1 1 1+ 1 1+
0+ 0+ 1 1+ 1 1+
0.99 0.98 0.99 0.99 0.96 0.99
0.26 0.30 0.25 0.20 0.23 0.21
0.09 0.09 0.03 0.03 0.04 0.02
0.98
0.58

Note: 1 or 1+ means that the condition exists, 0 or 0+ means that the condition does not exist; 1+ or 0+ means core
conditions, 1 or 0 means marginal conditions. A blank space means that the condition may or may not exist.

5.3.1. “Cost-Adaptive” Type

This configuration is primarily relevant to the eastern region of China, particularly
the northern and coastal provinces. Despite significant geographical variation, the eastern
region consistently surpasses other areas in terms of time efficiency, cost control, and market
responsiveness, as revealed by prior evaluations of service supply chain resilience across
multiple dimensions. Its proximity to major consumer markets allows for easier access,
shorter delivery cycles, and better alignment with shifting demand patterns.

Moreover, the region hosts several mature industrial and service clusters supported
by advanced digital infrastructure, multimodal transport systems, and policy-driven coor-
dination platforms. These agglomeration effects not only facilitate upstream-downstream
collaboration but also foster rapid adjustments to cost or demand shocks. These features
collectively enable the adoption of a “cost-adaptive” strategy that strengthens supply chain
resilience in the face of volatility.
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Interestingly, some provinces within this configuration—such as Jiangsu and Guangdong—
exhibit relatively high levels of cost deviation. However, this should not be construed
as inefficiency. In regions with robust institutional capacity, short-term cost increases
often stem from deliberate resource mobilization strategies during periods of disruption,
including emergency contracting, temporary platform expansion, and expedited service
delivery [41]. These deviations are typically underpinned by strong fiscal reserves and
administrative agility, enabling both governments and enterprises to absorb additional
expenditures without jeopardizing service continuity.

This interpretation aligns with recent empirical research, which shows that well-
managed slack resources can significantly enhance supply chain resilience by facilitating
rapid and adaptive responses to uncertainty [20]. Within this context, cost deviation should
be viewed not as a symptom of failure but as a functional buffer that reinforces operational
flexibility and systemic robustness.

Nonetheless, it is important to recognize that an overemphasis on cost control—especially
if decoupled from service quality and innovation—may erode long-term resilience. Strategic
trade-offs must, therefore, be carefully calibrated to ensure that cost management efforts
do not undermine service integrity or adaptive capacity over time.

5.3.2. “Cost-Growth” Type

This configuration primarily applies to the northern and southern regions of western
China. These areas face persistent geographical challenges and lack robust transportation,
digital, and service-sector infrastructure, which collectively limit supply chain connectivity
and elevate operational costs. Their distance from China’s major consumer markets also
results in higher service delivery expenses and delayed feedback cycles, further straining
service responsiveness.

Moreover, the relatively sparse population and fragmented industrial base restrict
the scale economies typically required for service supply chain resilience. While these
regions may exhibit pockets of industrial expansion, the absence of institutional den-
sity and integrated service platforms constrains the development of more adaptive or
cost-efficient models.

As a result, the only viable pathway for many western provinces appears to be the
“cost-growth” configuration, which relies on high levels of public and private investment
to improve resilience—through upgraded logistics, infrastructure renewal, technological
inputs, and skill development. However, as implied by its name, this strategy is capital-
intensive and yields diminishing returns in competitive markets, where high service costs
may erode price advantages.

From a theoretical perspective, this outcome reflects the structural disadvantages of
peripheral regions described in core—periphery models. While core regions possess the
institutional and infrastructural resources to support multi-dimensional resilience with
moderate cost, peripheral zones must trade off between survival and scalability. The “cost-
growth” path thus emerges not from optimal efficiency but as a constrained adaptation
under limited systemic support. It underscores how spatial inequality shapes not only the
availability but also the cost and viability of different resilience configurations in service
supply chains.

5.3.3. “Technologically-Sustainable” Type

This configuration is primarily associated with the central region of China, which
exhibits moderate economic development but high innovation orientation. The region
benefits from a relatively strong base of universities, digital service firms, and skilled pro-
fessionals, fostering the integration of intelligent technologies—such as AlI-powered service
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platforms, real-time coordination systems, and cloud-based management tools—into the
service supply chain. These enable faster client responsiveness, more efficient service
allocation, and improved capacity to absorb demand fluctuations, all of which contribute
to resilient outcomes.

However, compared to eastern core regions, the central region still faces structural
disadvantages in service accessibility and delivery efficiency. The relative scarcity of high-
volume consumer hubs and limited national-level platform integration create frictions
in service transmission and constrain economies of scale. To mitigate these challenges,
local enterprises increasingly adopt digital optimization strategies, such as predictive
scheduling, service modularization, and co-platform collaborations to reduce bottlenecks
and enhance adaptability.

From a theoretical perspective, the central region exemplifies the position of a “semi-
peripheral zone” within the core—periphery framework. While it does not fully benefit from
the systemic advantages of eastern core regions, it remains significantly more institutionally
equipped than western peripheries. This enables selective activation of technology-driven
resilience, contingent on both internal innovation and contextual adaptation.

In this view, the technologically sustainable path is not solely the result of technological
input but emerges from the interaction between digital capacity, institutional flexibility,
and regional coordination mechanisms. It represents a pragmatic model of resilience in
transitional zones, where service supply chains evolve through adaptive digitalization,
rather than structural dominance.

5.4. Robustness Test

The configuration of service supply chain resilience may be sensitive to variations
in sample size, parameter calibration, and consistency thresholds. To evaluate the robust-
ness of the proposed configurations, the study applies the fsQCA model to 2022 data as
a validation sample. First, when the minimum frequency threshold is raised from 1 to
2 cases [20], the resulting simple and intermediate solutions show negligible changes, and
the composition of core conditions remains stable. Second, increasing the PRI consistency
threshold from 0.80 to 0.85 yields similar outcomes with only minor adjustments in pe-
ripheral conditions [66]. These results suggest that the identified configurations are both
reliable and replicable across datasets. The robustness of the model supports its practical
applicability and enhances its value as a policy and management tool.

6. Discussion
6.1. Pathway Discussion

To evaluate the robustness and temporal validity of the configurational paths identified
through fsQCA using 2021 data, this study conducts a follow-up empirical test with
updated 2023 provincial data. Specifically, ordinary least squares (OLS) regression is
employed to examine whether provinces that met each path’s configuration continue to
exhibit significantly higher levels of service-sector resilience. By recoding each path into
a binary variable that indicates whether a province satisfies all defined conditions, OLS
provides a complementary lens to evaluate the average linear impact of path inclusion.
This approach allows for a direct test of whether the fsQCA-derived configurations remain
empirically relevant over time. To further illustrate the comparative performance of “In
Path” and “Not in Path” provinces, boxplot visualizations are used to highlight differences
in resilience score distributions. The following sections present both the statistical validation
results and visual evidence based on the 2023 dataset.

This integration of configurational and variable-based methods reflects an effort to
bridge theoretical sufficiency with empirical regularity. While fsQCA reveals how combi-
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nations of conditions are sufficient for high resilience in specific contexts, OLS examines
whether these combinations maintain predictive validity across time and under evolving
structural dynamics. This step is essential for evaluating not just whether configura-
tions can lead to high resilience but also whether they consistently do so under changing
economic conditions.

The OLS validation results (Table 10) indicate that, among the three configurational
paths derived from the initial fsQCA analysis, only the cost-adaptive path demonstrates
a statistically significant association with service-sector resilience (3 = 4.329, p < 0.001,
R? = 0.448). This configuration, comprising high cost deviation, robust industrial growth,
and strong development flexibility, reflects a province’s capacity to absorb external shocks
while maintaining performance through adaptive economic and institutional mechanisms.

Table 10. OLS summary table for path validation.

Path Type R? Adj. R? B p-Value
Cost-Adaptive 0.448 0.429 4.329 0
Cost-Growth 0.047 0.014 1.916 0.24
Tech-Sustain 0.021 —0.013 0.85 0.439

In contrast, neither the cost-growth path nor the tech-sustain path reaches statistical
significance (p = 0.240 and p = 0.439, respectively). A plausible explanation for the lack
of significance in the cost-growth path is that it reflects a pattern of inertial expansion.
Although characterized by high growth, the combination of low cost pressure and limited
adaptive flexibility may not yield sufficient resilience under volatile conditions. As for the
tech-sustain path, its lack of statistical power may result from two primary factors. First,
relatively few provinces simultaneously meet the stringent thresholds for cost deviation,
resource coherence, and technological innovation, reducing the path’s empirical prevalence.
Second, this configuration may primarily influence long-term structural resilience, which is
not fully captured through the short-term service-sector metrics employed in this study.

These findings reaffirm the core principle of configurational theory, namely causal
asymmetry, which holds that theoretically valid combinations may not uniformly translate
into statistically significant effects across all empirical contexts. More importantly, the
divergence in significance levels across paths highlights the necessity of interpreting path
effectiveness with attention to contextual prevalence, temporal dynamics, and sample-
specific characteristics. Future research could explore the conditional validity and long-
term implications of these configurations by applying them across different time periods or
within specific regional clusters.

To further examine the empirical differentiation between provinces that meet the
cost-adaptive path criteria and those that do not, a boxplot was generated to visualize the
distribution of service value-added scores across the two groups (Figure 2). This graphical
representation complements the regression findings by offering a non-parametric compari-
son of central tendency and dispersion, thereby illustrating the practical implications of
path inclusion more intuitively.

An intriguing divergence emerges when comparing the spatial patterns of configu-
rational paths identified in 2021 with the regression outcomes based on 2023 data. The
fsQCA results from 2021 highlighted a cluster of resilient provinces primarily located in
the northeastern and central regions of China—areas historically characterized by stable
industrial systems and policy-driven adaptability. These provinces, despite facing cost
volatility, exhibited strong recovery potential through structural stability and institutional
responsiveness, thus aligning with the logic of the cost-adaptive path.
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Figure 2. Impact of cost-adaptive path on service-sector performance. Note: Gray lines represent
boxplot whiskers indicating the data range.

However, the 2023 OLS results present a markedly different spatial configuration.
While Section 4.2 outlined the spatial clustering of resilience strengths by dimension, the
2023 OLS results reveal how these clusters have evolved into different statistical patterns.
Provinces that now score higher in service-sector resilience and show stronger statistical
alignment with the path variables are predominantly found in the more economically
dynamic southeastern coastal regions. This shift may be attributed to two key factors.
First, the temporal gap reflects a transformation in the underlying drivers of resilience:
while structural cost adaptation was critical in the post-pandemic rebound of 2021, by
2023, resilience was increasingly shaped by digital integration, innovation capacity, and
consumption upgrading—features more prevalent in the southeastern provinces. Second,
the methodological difference between fsQCA and OLS must be acknowledged. While
fsQCA identifies sufficiency-based configurations without requiring uniform statistical
weight across all cases, OLS emphasizes average linear effects across the sample. Thus,
provinces that once met all path conditions in 2021 may no longer exhibit consistent out-
come dominance in 2023, and new provinces may emerge as stronger statistical contributors
due to evolving regional strategies.

This temporal and spatial divergence underscores the need to interpret path effective-
ness not as static truths but as context-contingent patterns that evolve with macroeconomic
conditions and regional development trajectories. It also highlights the complementary
value of using both configurational and regression-based methods to capture different
dimensions of causal complexity. While fsQCA reveals conjunctural and asymmetric causal
paths tailored to specific regional contexts, OLS provides a symmetric and generalizable
assessment of their empirical validity. The fact that only one configuration—the cost-
adaptive path—maintains statistical significance in the 2023 regression model reinforces
the importance of assessing not just theoretical sufficiency but empirical stability. Together,
these approaches offer a dual perspective that is essential for understanding how service
supply chain resilience emerges and transforms within dynamic, uneven, and evolving
policy landscapes.

6.2. Mechanism Discussion

The only validated configuration in this study, the cost-adaptive pathway, features the
core presence of high cost deviation (1+) and rapid industrial growth (1+), the marginal
presence of development flexibility (1), and the core absence of technological innova-
tion (0+). At first glance, the inclusion of high cost deviation as a core condition in
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a resilient configuration appears counterintuitive. However, when situated within the
structure—relationship—subject (SRS) framework and interpreted through institutional the-
ory and configurational logic, this pattern reveals a mechanism of resilience through
structural overload tolerance, economic compensation, and behavioral calibration.

From the structure dimension, the presence of high cost deviation reflects not dys-
function but absorptive elasticity, a system’s ability to reallocate and reconfigure fiscal
flows in response to shocks. This aligns with the theory of structural overload tolerance in
institutional economics, which holds that systems may endure and even thrive under condi-
tions of frequent perturbation by developing internal buffering protocols and redundancy
mechanisms. Rather than being destabilized by fiscal fluctuation, such systems trans-
form volatility into an operational norm, with institutionalized improvisation becoming a
resilience-enabling trait.

The co-presence of rapid industrial growth (1+) as a second core condition provides
compensatory stabilization. Economic expansion offsets the risks introduced via fiscal
variation, forming a self-reinforcing structural dynamic. This suggests that resilience
may not emerge from cost minimization or efficiency optimization alone, but from the
interaction of fiscal flexibility and macroeconomic momentum. As such, this finding
supports the notion of productive disequilibrium, in which growth under uncertainty
becomes a generative force, rather than a destabilizing one.

Crucially, the core absence of technological innovation (0+) challenges a foundational
assumption in the supply chain resilience literature that digital capability is universally
necessary for adaptive performance. In this configuration, technological absence does not
hinder resilience but, rather, highlights the context-dependent irrelevance of innovation.
This directly illustrates the principle of causal asymmetry in fsQCA. The presence or ab-
sence of a condition, such as technology, is neither universally sufficient nor necessary.
Outcomes depend on how it interacts with other elements in a configuration. In structurally
mature and economically inertial regions, technological advancement becomes sufficiently
irrelevant. Its absence does not prevent high resilience due to the robustness of structural al-
ternatives. This challenges universalist digital prescriptions and emphasizes the limitations
of linear, input-output models of resilience.

Although not core, the subject dimension, represented by development flexibility, adds
an agentic layer to this mechanism. Local actors, while structurally constrained, exercise
adaptive discretion in reallocating resources or modifying service delivery priorities. This
aligns with the theory of structurally conditioned agency, in which behavior is shaped
by context yet retains transformative potential. Similarly, relational routines, though not
formally coded in the model, likely undergird inter-organizational adjustments, service
reprioritization, and trust-based coordination in high-deviation contexts, consistent with
the relationship dimension of the SRS framework.

In sum, the validated configuration reveals a multidimensional mechanism of re-
silience through structural tolerance, economic reinforcement, and context-calibrated adap-
tation. Under the SRS lens, structure leads, but subject and relationship dynamics coalesce
to stabilize the system in the absence of technological interventions. This underscores the
configurational logic of fsSQCA and advocates for a nuanced understanding of resilience as
emergent from systemic interactions, not dictated by any singular causal imperative.

6.3. Development Discussion

As the preceding sections have demonstrated, resilience in service supply chains
emerges from complex configurations of structural, relational, and subject-based condi-
tions, rather than from any single dominant factor. While the cost-adaptive configuration
proved to be the most robust pathway in 2021, its effectiveness must be interpreted within
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the specific institutional and post-pandemic context in which it occurred. Given the configu-
rational and context-dependent nature of resilience, such pathways should not be treated as
static equilibria. Instead, they represent transitional mechanisms that evolve in response to
changing regional dynamics. The remainder of this section explores how the cost-adaptive
configuration developed over time and across space, and proposes a conceptual model to
interpret the bifurcation of regional resilience strategies.

To empirically examine how the cost-adaptive configuration evolved spatially in sub-
sequent years, we compared the provincial significance patterns of this path between 2021
and 2023. The analysis indicates a notable geographical shift: provinces aligned with the
cost-adaptive configuration transitioned from primarily eastern and coastal regions in 2021
toward central and western provinces, such as Inner Mongolia, Hainan, and Ningxia, in
2023. Although this analysis was limited specifically to the cost-adaptive path due to the
statistical insignificance of other configurations in 2023, the regional shift observed still
highlights important developmental dynamics. This spatial redistribution may signal not
merely a diffusion of the mechanism but also its functional reconfiguration across varying
institutional contexts. It further suggests divergent resilience strategies—some regions
may use cost adaptation as a transitional platform for upgrading, while others remain con-
strained by structural rigidity. These patterns reinforce the need to conceptualize resilience
configurations as evolving and context-contingent, rather than universally replicable.

Inspired by the theoretical perspective of regional development path divergence and
grounded in the causal asymmetry logic of fSQCA, we introduce a “T-shaped” evolution
model (Figure 3) to provide an intuitive framework for interpreting the bifurcation of re-
gional resilience strategies. This model was constructed through a comparative analysis of
provincial-level configurational alignments between 2021 and 2023, using fsQCA results to
trace shifts in dominant resilience types over time. The “T” shape serves as a simplified yet
analytically meaningful abstraction of these spatial transitions. Its horizontal axis represents
the potential for institutional and technological upgrading, particularly in semi-peripheral
regions with moderate reform capacity and emerging innovation ecosystems. In contrast,
the vertical axis captures a fallback into cost-growth strategies in regions where adaptive
flexibility has stagnated or technological investments have failed to deliver resilience div-
idends. As supported by the literature on service supply chain divergence and regional
resilience differentiation [67-69], the model reflects both structural inertia and behavioral
asymmetries. Grounded in the interactions discussed in Sections 6.1 and 6.2, this visualiza-
tion translates empirical complexity into a developmental logic that highlights the uneven
and path-dependent nature of resilience formation under varied regional conditions.

4 Service supply chain resilience level

Regulation ﬁ x Regulation
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"Cost-adaptive" type &
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Backward areas Developed areas

Figure 3. Focalization of service supply chain resilience.
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The horizontal transition—from a cost-adaptive to a technologically-sustainable
configuration—appears to represent an upgrade-oriented trajectory. This pattern tends
to emerge in central or semi-peripheral provinces where institutional capacity and digital
infrastructure are gradually improving. In such contexts, resilience may evolve from a
reliance on cost flexibility toward a more integrated strategy that incorporates technological
capabilities and platform-based coordination. This shift could reflect a strategic advance-
ment, whereby resilience is not only maintained through buffering mechanisms but also
enhanced through digital intelligence, service innovation, and adaptive learning.

In contrast, the vertical transition—from cost-adaptive to cost-growth configurations—
is more commonly observed in regions where adaptive capacities appear to have stagnated,
or where fiscal volatility intensifies in the absence of institutional or behavioral upgrading.
Rather than pursuing innovation-driven strategies, these provinces often resort to resource-
intensification approaches, such as increased public investment, extended project cycles,
and rigid administrative compensation. While such measures may temporarily sustain
resilience indicators, they tend to yield diminishing returns, reduced systemic efficiency,
and potential vulnerability under prolonged external pressure.

While the cost-growth configuration emerged as the only statistically validated path-
way in 2023, this should not be interpreted as evidence that all regions necessarily evolve in
this direction. Rather, it reflects the empirical difficulty of sustaining horizontal transitions
toward technology-driven resilience, particularly in contexts where digital infrastructure
remains underdeveloped or institutional support is fragmented. In such cases, the fallback
into cost-based strategies may result less from deliberate policy choices and more from the
structural limitations that hinder innovation-led upgrading. This suggests that the vertical
trajectory may represent a reactive adaptation under constraint, rather than a sustainable
developmental pathway.

From a policy standpoint, this bifurcation carries two critical implications. First, institu-
tional regulation should be strategically applied to facilitate horizontal transitions—through
targeted technology subsidies, platform integration initiatives, and the strengthening of
regional innovation capacities—particularly in semi-developed areas. Second, early warn-
ing mechanisms must be established to detect vertical regressions, especially in regions
exhibiting pronounced cost deviation without corresponding improvements in efficiency
or behavioral adaptation. Without timely regulatory correction, such provinces risk falling
into high-cost, low-return trajectories that erode the long-term foundations of resilience.

In sum, the evolution of service supply chain resilience between 2021 and 2023 re-
flects a non-linear, path-dependent transformation shaped by both regional endowments
and policy scaffolding. The cost-adaptive configuration should not be viewed as a de-
velopmental endpoint, but rather as a hinge mechanism—a transitional platform from
which regions may either advance toward sustainable, technology-integrated resilience or
regress into unsustainable fiscal expansion. Recognizing this bifurcation is essential for
designing differentiated and forward-looking resilience strategies within China’s evolving
service economy.

7. Conclusions
7.1. Theoretical and Methodological Contributions

This study explores the formation mechanisms of service supply chain resilience
(SSCR) in the context of China’s regionally heterogeneous development. By constructing
a multidimensional evaluation framework based on the structure-relationship—subject
(SRS) model, the research integrates structural, relational, and behavioral indicators to
measure resilience across 31 provinces. Using a mixed-method strategy that combines
entropy weighting, fuzzy-set qualitative comparative analysis (fsQCA), necessary condition
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analysis (NCA), and OLS validation, the study identifies multiple sufficient configurations
that lead to high resilience performance.

The configurational results reveal that no single condition guarantees resilience.
Instead, three distinct pathways emerge: cost-adaptive, cost-growth, and tech-sustain.
Among them, only the cost-adaptive configuration demonstrates statistical significance in
the OLS validation, suggesting that resilience is most robust when regions combine cost effi-
ciency with industrial flexibility and institutional adaptability. Robustness tests using 2022
and 2023 data confirm the temporal stability and policy relevance of these configurations.

Theoretically, this research contributes by conceptualizing resilience as a conjunctural
and context-sensitive outcome, challenging linear or single-factor explanations. Method-
ologically, it offers a replicable framework for analyzing complex regional systems through
fsQCA and longitudinal validation. Practically, it provides targeted insights for resilience-
building strategies, especially in less-developed regions constrained due to their institu-
tional and financial capacity.

7.2. Policy and Managerial Implications

Beyond its academic contributions, the findings hold significant implications for re-
gional policy design and enterprise-level strategy. While only the cost-adaptive path demon-
strated statistical significance in the OLS validation, all three configurations identified
through fsQCA reflect meaningful causal structures that support differentiated resilience-
building strategies based on contextual conditions.

For provinces aligned with the cost-adaptive path—typically economically advanced
regions—policymakers should focus on maintaining institutional flexibility and fiscal
responsiveness to enable agile resource reallocation. Efficiency safeguards and cross-sector
coordination mechanisms are essential to sustaining adaptive capacity under volatility. The
statistical robustness of this path suggests it may serve as the most scalable and transferable
model for other regions, provided institutional readiness exists.

For regions following the cost-growth path, often located in structurally disadvantaged
or inland areas, continued public investment remains vital. However, this approach
must be complemented by capacity-building initiatives aimed at improving financial
governance and coordination efficiency. While this configuration did not yield statistically
significant results in OLS, its sufficiency in the fsQCA model indicates that it may be a
viable transitional strategy for underdeveloped regions with limited industrial flexibility. In
such contexts, the emphasis should be placed on gradually transforming investment-heavy
structures into more efficiency-oriented systems.

For central provinces exhibiting the technologically sustainable path, policy priorities
should include accelerating digital infrastructure deployment, fostering inter-regional
platform collaborations, and providing service-sector innovation incentives. Although
this path lacks robust linear correlation with overall resilience scores in the OLS results, it
offers a specialized solution for regions with intermediate development levels and strong
innovation potential. Policymakers should recognize that technology-led resilience may
require longer gestation periods and enabling ecosystems to become fully effective.

From a managerial standpoint, service firms must align their resilience strategies with
the dominant configuration of their local environment—whether emphasizing cost manage-
ment, digital integration, or adaptive learning. Recognizing these spatially embedded pat-
terns is essential for aligning firm-level risk management with broader regional dynamics.
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