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Abstract

Against the background of profound transformation within the construction industry, the
construction industry ecosystem serves as a vital vehicle for regional economic develop-
ment. Its resilience has become a key factor in influencing the sustainable development of
industry. From an ecological perspective, this paper integrated the cusp catastrophe model
and Fuzzy-Set Qualitative Comparative Analysis (fsQCA) method, using data from Shan-
dong Province to investigate the evolutionary state of the construction industry ecosystem
and the diverse concurrent paths driving the system toward high levels of functionality.
This study found that: (1) the resilient development of the construction industry ecosystem
in Shandong Province presented a differentiated pattern, characterized by dual-core leader-
ship, relative strength in the east, and weakness in the west, and localized catch-up. (2) The
results from the cusp catastrophe model indicated that construction industry ecosystems
in different regions were primarily undergoing stable evolution, though some cities faced
the risk of functional degradation due to the combined effects of insufficient resilience and
severe shocks. (3) fsQCA identified three equivalent configuration paths for achieving high
system functionality: the “resilience accumulation path”, “resilience synergy path”, and
“resilience transition path”, as well as three equivalent configuration paths for low system
functionality: the “low resilience-low shocks dependency path”, “low-resilience, fixed-type
path”, and “low resilience-high shocks imbalance path”. (4) These paths demonstrated that
recovery was the key factor determining a system’s level of functionality.

Keywords: construction industry; ecosystem resilience; cusp catastrophe model; qualitative
comparative analysis (QCA); evolutionary mechanisms

1. Introduction
The construction industry has played an increasingly vital role as a pillar of the

national economy. It makes significant contributions to promoting economic growth, allevi-
ating social employment pressures, advancing new-type urbanization, and improving the
standard of living for the people as China strives to achieve the goal of building a mod-
erately prosperous society in all respects [1]. However, in the face of a once-in-a-century
transformation, global horizontal production networks and vertical governance systems are
undergoing dramatic changes [2]. These external changes have posed numerous challenges
to China’s supply chains and industrial chains, further exacerbating the uncertainty and
fragility of industrial synergy, and presenting a severe test for the sustainable development
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of the construction industry system. Therefore, how the construction industry can with-
stand shocks, adapt to changes, and achieve sustainable evolution has become a critical
research direction for promoting high-quality economic development.

The construction industry does not operate in isolation. Rather, it is a complex dy-
namic system composed of various enterprises, institutions, markets, technologies, policies,
infrastructure, and other diverse actors and elements that are interdependent and co-evolve.
Through extensive development, this dynamic system has formed a complex network
among its participants characterized by both competition and collaboration. By integrating
resources in a collaborative manner, these entities achieve functional complementarity [3]
and establish interdependent relationships guided by strategic objectives [4], ultimately
giving rise to the construction industry ecosystem. The self-sustaining and self-organizing
nature of industrial activities has generated symbiotic relationships of interdependence,
mutual restraint, and adaptive coordination both within and outside the industrial ecosys-
tem. This enables the industrial ecosystem to exhibit new characteristics that cannot be
achieved by the mere aggregation of individual enterprise functions: system functional-
ity. As the industrial ecosystem continues to evolve, leading industries drive the steady
enhancement of competitiveness in supporting industries, while enterprises gradually
establish mutually beneficial cooperation models at various levels, resulting in increasingly
close and complex interconnections.

Ecosystem resilience refers to an ecosystem’s ability to adapt to and recover from
external disturbances while maintaining a state of equilibrium [5,6], or its capacity to go
beyond mere recovery and even create new opportunities for development and expan-
sion [7,8]. Since its introduction, this concept has garnered widespread attention and has
become a key element of sustainable development [9,10]. However, existing research on
resilience in the construction industry still has significant limitations. Research perspectives
are often confined to the resilience of a single entity or a specific segment, such as the
physical seismic and fire resistance of individual building structures [11], information
sharing and coordination mechanisms within the prefabricated building supply chain [12],
and the development of evaluation metrics for supply chain resilience [13]. Therefore, these
studies disregard the complex interactive networks among multiple actors, overlooking
the central driving roles of knowledge flow, power dynamics, and collective action in the
system’s response to shocks [14,15]. Even though some studies have introduced analytical
frameworks for industrial cluster resilience [16,17], their analyses mostly remain at the
level of describing static network characteristics. Resilience is not a fixed attribute but a
dynamic manifestation of a system’s trajectory before and after a disturbance [18]. In the
construction industry, the behavioral strategies of stakeholders (such as developers, con-
tractors, suppliers, and government regulators) do not exist in isolation but are embedded
in a continuous evolutionary game [15]. Consequently, research that treats the industry
as a complex ecosystem and dynamically examines how various internal actors co-evolve
through mutual interaction to form systemic resilience remains relatively scarce. Therefore,
drawing on industrial ecosystem theory and multidisciplinary resilience research, this study
focused on the construction industry in the context of stock renewal. It further explored the
dynamic emergence patterns and intrinsic promotion mechanisms of industrial resilience,
which provided solid theoretical support and academic insights for related fields.

From an ecological perspective, this paper innovatively employed a two-stage mixed-
methods approach to examine the nonlinear evolutionary states of the construction industry
ecosystem when confronted with external shocks and internal resilience, as well as the
multiple equivalent evolutionary paths resulting in high system functionality. First, the
cusp catastrophe model was introduced to accurately diagnose the variations in evolution-
ary states across different regions. Second, the fuzzy set qualitative comparative analysis
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(fsQCA) method was employed to further explore the multiple concurrent causal rela-
tionships and differentiated configuration paths that drive the positive evolution of the
construction industry ecosystem.

2. Literature Review and Theoretical Framework
2.1. The Concept of Ecosystem Resilience

The concept of resilience originated from research on the properties of metallic materi-
als in physics and has gradually expanded into psychology, sociology, urban economics,
and other disciplines [19–21]. American scholar Holling was the first to apply this concept
to ecology [22], noting that resilience refers to the capacity of a system to recover relatively
quickly to its original state and maintain its structure and function after being subjected to a
disturbance [23,24]. As a complex organic whole that is composed of interconnected enter-
prises, intermediary institutions, and government agencies, the industrial ecosystem serves
as a crucial vehicle for regional industrial transformation. The resilience of a construc-
tion industry ecosystem refers to its ability to rapidly recover to its initial state or evolve
to a higher functional state through self-learning and self-adaptation when faced with
external shocks and disturbances [25–27]. From a resilience perspective, external shocks
and disturbances are key catalysts for driving the evolution of the construction industry
ecosystem. When the external environment changes, the internal structure and functions of
the system adapt accordingly. To respond effectively to such changes, the system requires a
complex and diverse network of connections among its internal components. Relying on
sufficient internal resources and structural redundancy, the system generates a buffering
capacity to withstand external shocks, thereby facilitating the restoration and adjustment
of its functional levels [28].

Therefore, the resilience of the construction industry ecosystem can be broken down
into the capacities for resistance, recovery, and regeneration [29–31]. The primary function
of shock resistance is to directly absorb shocks and disturbances, dispersing and dissipating
them through the intrinsic complex structure and diverse elements of the system. Recovery
refers to the internal organizational restructuring and optimization that occurs after the
system is subjected to a shock, enabling it to gradually return to its original functional
level [32]. The organizational regeneration refers to the ability of a system to evolve into
a completely new state through self-organization, self-learning, and self-adaptation. The
three capacities are mutually reinforcing and complementary. They constitute the resilience
of the construction industry ecosystem, embodying the proactive role of industry actors in
the face of shocks and disturbances.

2.2. Theoretical Framework
2.2.1. Composition of the Construction Industry Ecosystem

Drawing on the organizational principles of natural ecosystems, the construction
industry ecosystem can be divided into biotic and abiotic components. The biotic compo-
nents include core manufacturing enterprises, supporting service providers, knowledge
and institutional entities, and waste-to-resource enterprises, while the abiotic components
encompass external environmental factors such as geographic location, policy environ-
ment, technology markets, and sociocultural factors. These elements collectively form a
four-tiered, progressive structure comprising individual enterprises, enterprise popula-
tions, enterprise communities, and the industry ecosystem. At the same time, drawing an
analogy to the food chains and food webs of natural ecosystems, the construction industry
ecosystem establishes an ecological framework interwoven with vertical “layer chains”
and horizontal “vein networks”. Vertically, it connects the full lifecycle supply–demand-
recycling chain encompassing raw material supply, component manufacturing, design
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and construction, as well as operation, maintenance, and demolition. Horizontally, it
embodies collaborative relationships among enterprises characterized by technological
synergy, data interoperability, and resource sharing. The coupling of these two dimensions
creates a redundant pathway mechanism that enables path substitution when a single link
is blocked, effectively enhancing the resistance and recovery of the system. Overall, the
construction industry ecosystem exhibits typical ecological characteristics such as hierarchy,
dynamism, complexity, co-evolution, and self-organization. Based on shared interests,
various entities form a symbiotic structure characterized by interdependence and mutual
restraint, enabling the ecosystem to autonomously undergo a dynamic evolution from
disorder to order through endogenous forces.

2.2.2. Building the Resilience of the Construction Industry Ecosystem

(1) Factors Contributing to Resilience

Mainstream resilience theory posits that the resilience of industrial ecosystems devel-
ops throughout the entire process of shocks (Figure 1), with close organizational relation-
ships, redundancy in the ecosystem chain, and self-organization capabilities serving as the
three core pillars that enable the system to remain dynamic. Among these, resistance is
underpinned by close organizational relationships and represents a system’s core capacity
to withstand and absorb external shocks by leveraging its inherent static structure and
resource endowments. Close organizational relationships are divided into strong friendly
relationships and strong hostile relationships, which together strengthen the foundation of
resilience: the former facilitates rapid resource allocation and coordinated action through
strategic alliances, long-term cooperation, and technology sharing, thereby generating
collective buffering capacity; the latter stimulates innovation vitality through healthy com-
petition and regulatory constraints, prevents path dependence within the system, and
enhances overall resource allocation efficiency and adaptability at the macro level. Conse-
quently, when facing external changes and shocks, the system can withstand some of the
impact through the rational mobilization of internal resources and close communication
among organizations. These two organizational relationships leverage resource coordina-
tion and efficiency optimization, respectively, and focus on maintaining functional integrity
in the face of shocks, thereby constituting the structural foundation of resilience.

Figure 1. Factors contributing to the resilience of the construction industry ecosystem.
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Recovery is achieved through redundancy in the ecosystem chain and is key to a
system’s ability to quickly restore operations after a disruption. It depends not only on the
system’s capacity for dynamic adjustment and adaptation following a disruption but also
on the resources and structural reserves that already exist within the system. The essence
of redundancy in the ecosystem chain lies in the multiple occupation of the same ecological
niche by functionally equivalent components [33]. The construction industry ecosystem
forms multiple alternative paths and functional backup through the interwoven coupling
of vertical “layer chains” and horizontal “vein networks”. When external disturbances
such as fluctuations in raw material prices or defaults by key enterprises occur, redundant
pathways can rapidly step in to maintain the flow of materials, information, and energy
within the system, thereby providing a buffer and a safety net against shocks [34]. It
primarily focuses on restoring functions and replenishing resources in the immediate
aftermath of shocks, thereby serving as a material source of recovery.

Regeneration is driven by a system’s ability to self-organize and determines its long-
term potential for evolution following shocks. An industrial ecosystem must be capable
of self-transformation in response to changes in internal and external factors, functioning
as a highly adaptive system [35]. After sustaining structural damage, the system utilizes
self-organization mechanisms to transform trial-and-error information into new rules, new
nodes, and new ecological niches, thereby achieving a transition to a higher state of order
and enhancing its long-term potential to raise the threshold of resilience. Self-organization
capabilities drive the evolution of the system’s structure through self-adaptation, self-
optimization, and self-evolution, primarily influencing iterative upgrades and transitions
in the medium to long term following a shock, and thus constitute the dynamic source of
the system’s regeneration.

(2) The Impact of External Shocks on System Resilience

For the construction industry ecosystem, external shocks can be categorized into
fluctuations in the macroscopic environment and pressure from industry transformation.
Fluctuations in the macroscopic environment influence market expectations, cash flow, and
project implementation through regulatory and capital chains, while pressure from industry
transformation alters companies’ competitive advantages via supply and capital chains,
forcing the system to adjust its technological pathways. Together, these factors form a cross-
scale stream of disturbances that penetrates the system’s boundaries through the coupling
channels of supply, capital, and regulatory chains. External shocks not only directly impact
the system as a load but also expose structural vulnerabilities, compel the exploration
of new pathways, and reveal governance gaps. This drives the system away from static
equilibrium and activates self-organizing regulatory mechanisms. Within the cycle of
disruption–exposure–reorganization, the system gradually restores its functions, optimizes
its structure, and accumulates capabilities, transforming the energy of disturbances into the
driving force for enhancing resilience. Ultimately, this achieves a transition from passive
response to active evolution.

The resilience of the construction industry ecosystem is not activated only after the
end of shocks. Instead, it is a dynamic process that unfolds in tandem with the shocks and
continues to evolve over time. External disturbances trigger the resilience mechanism of
the system. The system spontaneously mobilizes and utilizes organizational relationships,
redundant paths of ecological chains, and self-organization capabilities to construct a
three-dimensional resilience pathway encompassing resistance, recovery, and regeneration.
This pathway transforms the disturbance flow into a source of energy for upgrading
the system’s structure, manifesting a three-stage parallel resilience phase in response to
the shocks: shock absorption, shock adaptation, and renewal and reconstruction. These
three phases do not progress linearly but rather overlap and iterate across time and space,

https://doi.org/10.3390/buildings16122376

https://doi.org/10.3390/buildings16122376


Buildings 2026, 16, 2376 6 of 27

collectively facilitating a capability leap from passive disaster response to active evolution.
The mechanism by which shocks influence the resilience of the construction industry
ecosystem is illustrated in Figure 2.

Figure 2. The formation and mechanism of the resilience of the construction industry ecosystem.

2.2.3. The Complexity of Functions in the Construction Industry Ecosystem and a
Configuration Perspective

The formation of the functional level of the construction industry ecosystem is not
the linear result of a single factor, but rather the outcome of the synergistic interaction
between internal resilience factors and multidimensional external shock factors. On the
one hand, the resilience dimensions of the system itself (resistance, recovery, and regen-
eration) may exhibit complementary effects, collectively forming the core foundation of
its risk-mitigation capabilities. On the other hand, different types of external shocks may
produce substitution or synergy effects with internal resilience factors under various sce-
narios. At the same time, the functionality of the construction industry ecosystem exhibits
significant scenario-specific and nonlinear characteristics. Configuration theory posits that
outcome variables are formed by specific combinations of certain condition variables, and
different combinations of conditions can lead to the same system functionality through
multiple paths [36]. Furthermore, the causal configurations leading to high-functionality
and low-functionality systems do not exhibit a simple symmetrical relationship but rather
demonstrate distinct causal asymmetry. This perspective aligns closely with the essence of
the construction industry ecosystem functionality, allowing different types of construction
industry ecosystems to construct and enhance their ecosystem functions in a context-specific
manner based on their own resource endowments and external environments.

Therefore, following a logical framework of “assessment of evolutionary status-
analysis of evolutionary paths-summary of practical paths”, this paper first assesses the
evolutionary status of construction industry ecosystems in various regions. Building on this
foundation, it examines the evolutionary paths through which these ecosystems achieve
varying levels of functionality, using resistance, recovery, regeneration, economic policy
uncertainty, and technological environmental uncertainty as antecedent conditions. The
theoretical analytical framework for the functionality of construction industry ecosystems
is shown in Figure 3.
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Figure 3. Theoretical analytical framework.

3. Materials and Methods
3.1. Study Area and Data Sources

This study selected 16 cities in Shandong Province as its research subjects, primarily
due to the region’s characteristic of uneven development. The construction industry in
Shandong Province has a relatively solid foundation and a continuously expanding scale.
However, it is currently in a transitional phase from semi-maturity to maturity, and its
systemic structure and competitiveness require further optimization. Furthermore, there
are significant disparities in the development level of the construction industry across the
cities in Shandong Province. This regional imbalance provides a diverse set of research
samples for examining the resilience of the construction industry ecosystem under different
scenarios. It enables a systematic analysis of the resilience characteristics of the construc-
tion industry ecosystem as it responds to shocks such as economic fluctuations, policy
adjustments, and market competition, thereby helping to reveal the intrinsic relationship
between resilience levels, external shocks, and the restoration of system functions. The data
sources of this paper include the following: China Urban Statistical Yearbook, the Shandong
Provincial Statistical Yearbook, and the statistical yearbooks of various cities. Missing data
for certain cities are obtained from information disclosure channels on local government
websites; some corporate financial and operational data come from the CSMAR database;
and textual data come from the websites of various municipal governments in Shandong
Province, as well as the official websites of listed companies.

3.2. Variable Measurements
3.2.1. System Resilience Rating Indicators

Based on the mechanisms underlying the formation and functioning of the resilience
of the construction industry ecosystem, relevant influencing factors act upon the core
components of the system through resistance, recovery, and regeneration, thereby shaping
the evolution of the system’s resilience. Among these, resistance is examined from two
perspectives: the economic foundation and social factors. The economic foundation serves
as the material basis for the industry ecosystem to withstand external pressures, determin-
ing whether the system can maintain basic operations and allocate resources effectively
when faced with shocks. Social factors constitute the external environmental conditions
that underpin the stable operation of the industrial ecosystem, influencing the ability of
the system to withstand shocks at the macro level. Recovery is primarily driven by two
dimensions: industrial foundation and development capacity. The industrial foundation
provides the necessary static support and buffer space for the system’s recovery, serving as
the material and structural conditions that enable functional restart and path substitution.
Development capacity reflects the system’s potential for dynamic adjustment and upgrad-
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ing during the recovery process, determining the speed, direction, and sustainability of
recovery. Regeneration primarily stems from two core aspects: technological innovation
and industrial transformation. Technological innovation serves as the internal engine
for the system’s fundamental restructuring and upgrading, reflecting the comprehensive
level of knowledge creation, technological accumulation, and human capital development.
Meanwhile, industrial transformation embodies the ability of the system to convert in-
novative potential into actual structural changes and sustainable development models,
focusing on substantive shifts in industrial resource allocation methods and long-term
development directions.

In accordance with the principles of indicator selection and drawing on relevant
literature regarding resilience, a resilience evaluation indicator system for the construction
industry ecosystem was established, as shown in Table 1.

Table 1. Indicator system for evaluating the resilience of the construction industry ecosystem.

Dimensions First-Level Indicators Second-Level Indicators Attributes

Level of Resistance

Economic Foundation

Labor Productivity in the Construction
Industry +

Total Profits in the Construction Industry +

Main Business Revenue in the Construction
Industry +

Social Factors

Road Length +

Cement Production +

Trade Pressure −

Level of Recovery

Industrial Foundation

Number of Construction Industry Employees +

Number of Construction Enterprises +

Unutilized Surplus Resources in the
Construction Industry +

Development Capacity

Proportion of Output Value from Grade A
and Grade 1 General Contracting Enterprises +

Profitability of Construction Enterprises +

Construction Industry Equipment Intensity +

Level of Regeneration

Technological Innovation

Corporate R&D Investment +

Government Support for Research +

Number of Patents Granted +

Education Expenditures +

Industrial Transformation

Industrial Upgrading +

Capital Accumulation Rate in the
Construction Industry +

Degree of Green Transition +

3.2.2. External Shocks

External shocks are comprehensively measured across two dimensions: economic
policy uncertainty and technological environmental uncertainty [37], in order to fully
reflect the volatility and unpredictability of the dual external environment facing the
construction industry ecosystem, namely economic fluctuations, policy adjustments, and
technological advancements.
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Economic Policy Uncertainty: Drawing on the approaches of Zheng et al. [38] and
Wu et al. [39], this study used the “Government Work Reports” issued by cities across
Shandong Province as authoritative text sources. By applying text analysis methods, this
study measured local government estimates and disclosures regarding economic policy
uncertainty within respective regions, thereby quantifying the economic policy uncertainty
faced by each region. First, this study followed the economic policy uncertainty index
framework developed by Baker et al. [40]. On this basis, it combined the China-specific
keyword list optimized by Huang and Luk [41] with further localization adjustments
based on the linguistic characteristics of government work reports from various regions
in Shandong Province. A keyword database covering three core dimensions, namely
economy, policy, and uncertainty, was established accordingly. Second, using Python 3.9
for text segmentation and word frequency analysis, sentences containing all three types of
keywords were identified as statements related to economic policy uncertainty. Finally, the
economic policy uncertainty index for each prefecture-level city was calculated as the ratio
of the total frequency of uncertainty-related keywords to the total number of words in the
full report.

Technological Environmental Uncertainty: Drawing on existing research [42,43] re-
garding approaches to measuring technological environmental uncertainty, text analysis
methods were employed to assess the extent to which executives of listed companies
perceive uncertainty in the external business environment, thereby quantifying the techno-
logical environmental uncertainty faced by different regions. Specifically, a list of keywords
was first compiled based on two categories: keywords indicating constraints on technologi-
cal development and keywords indicating constraints on technological exchange between
nations. Second, Python was used to calculate the relative frequency of these keywords in
the annual reports of listed companies in relevant sectors in Shandong Province, thereby
measuring the level of technological environmental uncertainty perceived by individual
firms. Finally, the annual averages of the technological uncertainty indices for all sam-
ple firms within the same city were aggregated to derive a technological environmental
uncertainty indicator at the city level.

3.2.3. System Functionality Level

The level of system functionality serves as a core variable for measuring the operational
status and output performance of the construction industry ecosystem, while industry
scale and market output capacity provide a direct and comprehensive reflection of its
health and vitality. As an aggregate indicator reflecting the final outcomes of production
activities in the regional construction industry over a specific period, the total output value
of the construction industry encompasses the monetized gross output of all construction
enterprises within the region. It serves as a key metric for assessing the regional economic
standing of the industry and for mapping the market responsiveness, resource integration,
and project execution efficiency of the industrial ecosystem. Its stable growth or fluctuations
can reflect the functional state of the system. Therefore, this study used the annual total
output value of the construction industry in each city as a proxy variable for system
functional level.

3.3. Multistage Analysis Methods: Cusp Catastrophe Model and fsQCA

This paper employs a two-stage mixed-methods approach that integrates the strengths
and focal points of both the cusp catastrophe model and fsQCA, thereby achieving method-
ological complementarity between nonlinear research and configuration recognition. The
cusp catastrophe model is used to identify the evolutionary processes of nonlinear muta-
tions in systems. It captures complex nonlinear relationships among variables and clarifies
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the overall evolutionary patterns of the system. Meanwhile, fsQCA can parse the complex
mechanisms underlying resilience, external shocks, and system functionality, and explain
joint causal effects [44]. The combination of these two methods enables bidirectional valida-
tion of evolutionary characteristics and driving mechanisms, achieving cross-validation at
the methodological level, and better accommodates the complex nature of the construction
industry ecosystem and its multi-path equivalence system attributes.

In the first stage, the cusp catastrophe model was introduced to investigate the non-
linear evolution of state variables that undergo abrupt changes during the continuous
variation in control variables; the theoretical model is shown in Figure 4 [45]. Every sys-
tem has a tendency to maintain its own equilibrium state; when it transitions from one
equilibrium state to another, a mutation phenomenon occurs. The overall form of this
transition process can be described by a smooth equilibrium surface. This equilibrium
surface manifests as a three-dimensional surface structure comprising three regions: the
upper leaf, the middle leaf, and the lower leaf. The upper leaf corresponds to the system’s
benign stable state, the lower leaf corresponds to its malignant stable state, and the middle
leaf represents the transition region where the mutation occurs.

Figure 4. Theoretical model of the cusp catastrophe model.

The potential function for a point mutation can generally be described by the following
equation:

F(x) = x4 + ux2 + vx (1)

Here, x is the state variable of the construction industry ecosystem, and u and v are
the control variables, respectively.

Equation (1) represents the steady-state model of the construction industry ecosys-
tem, and taking the first derivative yields the equation for the equilibrium surface of the
potential function:

DxF(x) = 4x3 + 2ux + v (2)

Taking the second derivative of Equation (1) yields the equation for the set of singular-
ities of the potential function:

detDxF(x) = 12x2 + 2u (3)

By combining Equations (2) and (3) and eliminating the state variable x, the branching
set equation can be derived:

∆ = 8u3 + 27v2 (4)

The projection of the edges of the curved fold onto the control variable plane forms the
bifurcation set, which is the set of control variables that can cause a sudden jump in x [46].
The bifurcation set serves as the boundary determining whether a system undergoes a
sudden change. Only when ∆ ≤ 0 does the system have the potential to cross the bifurcation
set and undergo a sudden change. Therefore, ∆ ≤ 0 is the condition for determining whether
a system undergoes a sudden change. The magnitude of the value can be interpreted as the
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distance between the system’s evolving state and its critical state; this is referred to as the
bifurcation eigenvalue. The smaller the value, the more likely a sudden change is to occur.

In the second stage, configuration analysis was performed using the fsQCA method.
Following the analytical procedure proposed by Ragin [47], all outcome variables and
condition variables were calibrated and converted into fuzzy set membership scores. Next,
a necessity analysis was conducted to determine whether any single condition constitutes
a necessary condition for the outcome. Subsequently, truth tables were constructed and
simplified using Boolean algebra algorithms to identify the condition configurations that
lead to either high or low system functionality.

4. Analysis of Results
4.1. Resilience Evaluation Results

(1) Resilience Value

After calculating the weighting ratios of the indicators using a game-theoretic com-
bined weighting method that incorporates the CRITIC method and the entropy-weighted
method, the resilience values of construction industry ecosystems in each city of Shandong
Province for the period 2015–2023 were determined using the composite index method, as
shown in Table 2.

Table 2. Resilience value of the construction industry ecosystem in Shandong Province, 2015–2023.

City 2015 2016 2017 2018 2019 2020 2021 2022 2023

Jinan City 0.2641 0.2815 0.3099 0.3240 0.4500 0.4575 0.5400 0.5692 0.6003
Qingdao City 0.3148 0.3273 0.3744 0.3549 0.4147 0.4116 0.4618 0.4901 0.4925

Zibo City 0.2523 0.2647 0.2626 0.2414 0.2319 0.2422 0.2701 0.2508 0.2712
Zaozhaung City 0.1637 0.1574 0.1885 0.1746 0.1794 0.1906 0.2060 0.1852 0.1969
Dongying City 0.1272 0.1288 0.1341 0.0931 0.0998 0.1177 0.1159 0.1202 0.1223

Yantai City 0.2502 0.2592 0.2666 0.2540 0.2688 0.2841 0.2993 0.3129 0.3204
Weifang City 0.2887 0.2983 0.3225 0.3274 0.3347 0.3705 0.3813 0.3737 0.3650

Jining City 0.2296 0.2827 0.2444 0.2361 0.2495 0.2627 0.2877 0.2951 0.3146
Tai’an City 0.1667 0.1845 0.1971 0.2049 0.2369 0.1969 0.2230 0.2443 0.2553
Weihai City 0.1400 0.1400 0.1531 0.1192 0.1277 0.1268 0.1466 0.1486 0.1464
Rizhao City 0.1363 0.1566 0.1591 0.1427 0.1596 0.1649 0.1732 0.1776 0.1682
Linyi City 0.2720 0.2857 0.3037 0.2835 0.2855 0.299 0.3274 0.3320 0.3381

Dezhou City 0.1737 0.1649 0.1891 0.1928 0.1795 0.2003 0.2077 0.2290 0.2396
Liaocheng City 0.1592 0.1506 0.1726 0.1742 0.1628 0.1879 0.2163 0.2284 0.2262
Binzhou City 0.1429 0.1428 0.1938 0.1738 0.1953 0.1991 0.2358 0.2162 0.2054

Heze City 0.2375 0.2409 0.2232 0.2064 0.2046 0.2368 0.2287 0.2364 0.2493

(2) Trends Over Time

Figure 5 shows the trends in resilience values across cities in Shandong Province.
Based on an analysis of these trends over time, the development of construction industry
ecosystem resilience in these cities can be categorized into three distinct trajectories. The
first category is characterized by a sustained upward trend, represented by cities such
as Jinan, Qingdao, Yantai, Weifang, Jining, and Tai’an. The resilience curves of these
cities generally exhibited a steady upward trend, with the upward momentum becoming
particularly pronounced after 2020. It is worth noting that Jinan, Qingdao, and Tai’an
all experienced a brief dip in resilience scores in 2020, reflecting their high sensitivity to
sudden shocks such as the pandemic. However, they rebounded rapidly and continued
to strengthen, demonstrating strong system recovery capabilities and the potential for
resilience regeneration through dynamic adjustment.

https://doi.org/10.3390/buildings16122376

https://doi.org/10.3390/buildings16122376


Buildings 2026, 16, 2376 12 of 27

Figure 5. Trends in resilience value for cities in Shandong Province.

The second category consists of cities exhibiting fluctuating adjustments. For exam-
ple, Zaozhuang saw a slight decline after reaching its peak in 2021, while the resilience
trajectories of Zibo and Weihai displayed “W”-shaped fluctuations, reflecting the phased
growing pains and profound adjustments that traditional industrial cities undergo dur-
ing industrial restructuring; meanwhile, the resilience values of Binzhou, Rizhao, and
Dongying have fluctuated within a narrow range at relatively low levels over the long term,
indicating strong stability in the development of their construction industry ecosystems.
However, these cities faced bottlenecks in improving their overall resilience, and their
growth potential remains untapped.

The third category is the “steady development” type, which includes the four cities of
Linyi, Dezhou, Liaocheng, and Heze. In terms of trends in resilience values, these four cities
generally exhibited a slow, fluctuating upward trajectory, though the rate of growth was
relatively limited, reflecting a relative lack of endogenous growth momentum within their
construction industry ecosystems. Specifically, the resilience value of Linyi has remained
on a steady upward trend, gradually rising from 0.2720 in 2015 to 0.3381 in 2023. While
there were occasional fluctuations during this period, the overall growth has been relatively
robust. Dezhou and Liaocheng started from a lower baseline; although their resilience
values rebounded in some years, overall growth remained slow, and Liaocheng even
experienced a slight decline in 2023. The resilience value of Heze continued to fluctuate
slightly between 0.20 and 0.25, lacking a sustained upward trend. Overall, these cities
demonstrated a degree of systemic stability amid changes in the external environment and
policy impacts. However, they have not yet established a sustained, robust mechanism
for resilience growth. The development of their construction industries continues to face
challenges such as slow structural transformation and insufficient growth momentum.

(3) Patterns of Resilient Spatial Change

The development of resilience exhibits a differentiated pattern characterized by dual-
core leadership, relative strength in the east and weakness in the west, and localized
catch-up. Using 2015, 2019, and 2023 as reference points, ArcGIS 10.8 software was em-
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ployed to visualize the spatial distribution of resilience within the construction industry
ecosystem [48]. The results are shown in Figure 6. From a spatial distribution perspective,
the resilience of the construction industry ecosystem in Shandong Province exhibits dis-
tinct spatial variations, with an overall pattern of “the east leading and the central and
western regions lagging behind”. Furthermore, over time, regional disparities have shown
a dynamic evolution, first widening and then narrowing.

(a) 

(b) 

Figure 6. Cont.
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(c) 

Figure 6. Spatial distribution of the resilience of the construction industry ecosystem across 16 cities
in Shandong Province: 2015 (a); 2019 (b); 2023 (c).

In 2015, regions with high resilience were primarily concentrated in core cities such as
Jinan and Qingdao, while central Shandong and the Jiaodong region began to show signs of
clustering. In contrast, most cities in western and northern Shandong remained at medium-
to-low resilience levels, revealing a distinct spatial gradient. By 2019, the spatial resilience
pattern had further solidified. The leading positions of Jinan and Qingdao continued to
strengthen, and the resilience of cities in the Jiaodong region, such as Yantai and Weifang,
steadily improved. However, some cities in northwestern Shandong, such as Dezhou and
Liaocheng, remained in the lower resilience range, and the disparity between the east and
west widened somewhat. By 2023, the spatial structure of resilience exhibited a pattern of
both localized optimization and overall coordination. Jinan and Qingdao continued to play
a driving role as the “dual cores”, while cities in southern Shandong, such as Linyi and
Jining, saw significant improvements in resilience, thus gradually narrowing the gap with
the eastern regions. However, some cities in northern and southwestern Shandong, such as
Binzhou and Heze, remain at low levels of resilience, and the issue of uneven development
within the region remains prominent.

A closer examination of the spatial evolution reveals that the resilient development of
the construction industry in Shandong Province exhibits a distinct core-periphery struc-
ture. High-resilience regions centered on Jinan and Qingdao continue to radiate outward,
driving the coordinated improvement of resilience in surrounding cities. The two cities
have maintained high resilience due to the convergence of multiple structural factors. First,
they possess significant institutional and policy advantages. As the provincial capital
and a separately planned city, respectively, Jinan and Qingdao enjoy priority in resource
allocation, policy pilot programs, and the deployment of major projects, thereby establish-
ing institutionalized risk resilience. Second, the industrial ecosystems are highly diverse
and sophisticated. Qingdao leverages cross-sectoral synergy between construction and
manufacturing, while Jinan possesses a complete industrial chain, effectively diversifying
risks from external shocks. Third, as the region’s dual economic hubs, Jinan and Qingdao
not only drive growth in surrounding cities but also strengthen their own resilience through
the aggregation of economic factors. The central and southern regions of Shandong are
gradually integrating into the high-resilience network under the impetus of policies and
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regional collaboration. Meanwhile, due to factors such as a monolithic industrial structure
and resource constraints, resilience growth in parts of northern and western Shandong
remains slow, becoming a weak link in the coordinated development of regional resilience.

4.2. Results of Applying Cusp Catastrophe Model
4.2.1. Analysis of Evolutionary State

In the cusp catastrophe model, the functional level x of the construction industry
ecosystem is taken as the state variable because it directly reflects the system’s state and
may undergo discontinuous transitions in response to external disturbances. It is co-
driven by two control variables, namely the external shocks intensity u and the systemic
resilience value v, and evolves along the equilibrium surface of the system. The external
shocks u acts as a bifurcation factor, determining whether the control system enters a
bimodal region (points where ∆ ≤ 0), and thus, whether a sudden change is likely to
occur. The system’s resilience value v acts as a normalizing factor, driving the system to
transition between the high-functionality and low-functionality branches. Under the inter-
action of the two variables, the systemic evolution presents nonlinear and discontinuous
catastrophe characteristics.

The critical threshold is determined by taking the median of catastrophe eigenvalues
with ∆ > 0. The classification of upward leaf transition, downward leaf transition, and
catastrophe is determined by the changing trend in the comprehensive score of each city
across consecutive years. On this basis, the evolutionary states of the system are divided
into three categories: (1) When ∆ > 0 and the value exceeds the critical threshold, the
construction industry ecosystem maintains a benign steady state, corresponding to the
upper leaf area of the equilibrium surface. In this state, the system possesses strong
resilience and robust maintenance capacity, enabling it to effectively resist external shocks
and sustain high operational efficiency and synergy. (2) When ∆ > 0 and the value falls
below the critical threshold, the construction industry ecosystem falls into a non-benign
steady state, corresponding to the lower leaf area of the equilibrium surface. In this state,
the system exhibits a low functional level and insufficient resilience, making it difficult to
cope with severe external disturbances. (3) When ∆ ≤ 0, the system enters the catastrophic
state of the middle leaf on the equilibrium surface, acting as a critical transition zone
for system evolution. Any minor disturbance may trigger drastic functional changes.
This state can be further divided into positive and negative catastrophes. A positive
catastrophe means that, with structural optimization, resilience improvement, or external
support, the long-term accumulated resilience potential is activated by moderate external
shocks. The system integrates internal resilience factors, breaks through critical points,
and transitions to the upper leaf, thereby enabling collaborative restructuring of structure,
function, and institutions, as well as the nonlinear leap of overall functions. By contrast,
negative catastrophe stems from excessive shock intensity or inadequate resilience. Even if
the system is initially in a benign steady state, rigid resilience mechanisms or unexpected
extreme shocks may lead to failure of the resilience framework, causing a cliff-side decline
in system functions and a collapse toward the lower leaf.

The core characteristics of the middle leaf state lie in bidirectional evolutionary possi-
bility and inherent instability. Faced with shocks of similar intensity, an identical construc-
tion industry ecosystem may develop completely different evolutionary directions due to
discrepancies in resilience response mechanisms and response timing. Accordingly, the
middle leaf state is not only a high-risk stage but also a strategic opportunity period for the
industry ecosystem.
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4.2.2. Determination of Evolutionary State

First, the entropy weighting method [44] is adopted to assign objective weights and
conduct a comprehensive evaluation of two dimensions: namely, economic policy uncer-
tainty and technological environment uncertainty. A composite index is further constructed
to reflect the external shock intensity exerted on the construction industry ecosystems
of each city. Second, to eliminate the effects of differing units among variables, enhance
explanatory power, and satisfy model assumptions. The external shocks u and the system’s
resilience value v were processed using the Z-score standardization method [49]. This
accurately reflects the potential abrupt change behavior of the system under the interaction
of shocks and resilience. Use the discriminant ∆ = 8u3 + 27v2 to check whether the sample
covers the bimodal region (points where ∆ ≤ 0), ensuring that the model can capture muta-
tion behavior. Finally, using R 4.2.3, the evolutionary state of the system was quantitatively
characterized. Table 3 presents the calculated values of the mutation eigenvalues for the
samples, while Figure 7 illustrates the distribution of various regions in Shandong Province
within the shock–resilience two-dimensional coordinate system and their relative positions
with respect to the bifurcation set boundary. It provides a visual indication of whether the
system is in a critical state of mutation.

Table 3. Catastrophe characteristic values of the construction industry ecosystem in 16 cities of
Shandong Province from 2015 to 2023.

City 2015 2016 2017 2018 2019 2020 2021 2022 2023

Jinan City 3.63 8.94 13.42 12.14 123.80 136.47 260.56 317.80 379.56
Qingdao City 15.79 21.05 55.76 37.55 87.45 102.05 146.20 180.49 198.62

Zibo City −14.59 0.48 −11.59 −6.54 −44.11 −39.90 −54.94 −2.02 11.65
Zaozhaung City 17.95 21.22 28.56 13.60 11.76 1.06 4.87 −34.27 6.19
Dongying City 41.44 33.72 37.22 55.05 60.29 45.62 46.52 19.06 42.32

Yantai City −79.74 −14.27 2.16 1.14 2.38 −1.09 10.09 30.70 30.83
Weifang City 11.79 9.15 18.49 40.38 23.90 −142.56 23.47 52.83 69.85

Jining City 0.50 4.54 −0.72 21.57 0.13 1.19 10.19 27.53 17.09
Tai’an City 18.95 −237.81 27.61 4.16 0.04 5.05 1.17 0.92 5.20
Weihai City 30.07 30.60 17.53 43.22 38.61 39.42 27.19 29.26 43.07
Rizhao City 19.88 28.18 20.85 −3.46 20.36 17.84 44.36 12.73 29.83
Linyi City 24.23 −12.27 8.84 −3.31 −21.78 3.95 26.86 26.85 49.78

Dezhou City −75.91 19.29 8.46 24.07 13.65 9.22 −11.45 0.55 0.86
Liaocheng City 20.55 27.92 19.84 13.83 18.67 −248.78 −3.52 0.23 3.97
Binzhou City 30.73 31.21 6.79 0.42 7.07 4.80 17.77 24.95 20.17

Heze City −9.52 5.22 9.43 10.43 −3.37 0.19 0.82 3.87 3.53

Figure 7. Bifurcation and dispersion plot of the evolution of the construction industry ecosystem.
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Overall, the province exhibits a development pattern characterized by steady-state
evolution with localized fluctuations. In terms of the distribution of ∆ values, as much
as 83.33% of the samples were in a stable state of system evolution (∆ > 0), indicating
that the system possessed strong structural stability and functional continuity during the
vast majority of the period. Among these, more than half of the stable samples were
concentrated in regions with moderate shocks and high resilience. This indicates a distinct
positive evolutionary trend of the construction industry ecosystem, driven by the evolving
external environment and the continuous enhancement of system resilience. Only 16.67%
of the samples fell into the critical state of abrupt change (∆ ≤ 0), with these samples
primarily occurring in years when certain cities faced short-term shocks and had relatively
weak resilience-building capabilities. Overall, the evolution of the construction industry
ecosystem in Shandong Province exhibits distinct hierarchical characteristics and path
dependence. High-resilience core cities continue to play a leading and stabilizing role,
while some peripheral cities exhibit dynamic adjustment characteristics in the interplay
between shocks and resilience.

Looking at typical cities at different stages of development, cities such as Jinan and
Qingdao have ∆ values that are significantly higher than the critical threshold; their system
functions continue to improve, demonstrating the positive characteristics of high resilience
and adaptability. Cities such as Tai’an, Dezhou, Binzhou, and Heze have consistently
low ∆ values, with slow growth in system functions, and are located on the lower lobe of
the equilibrium surface, reflecting insufficient resilience capacity and unstable adaptive
capabilities in response to shocks. Cities such as Yantai and Linyi exhibit an evolutionary
state characterized by a sudden shift to the upper leaf in certain years. In the early stages of
the study period, they entered a critical phase of system evolution due to the combination
of insufficient resilience and external shocks. However, as resilience strengthened and
shocks subsided, the system gradually transitioned to a high-functionality steady state,
demonstrating the developmental potential for structural optimization in systems with
insufficient resilience as they progressively build resilience capacity and enhance their
adaptability to shocks. In contrast, cities such as Zibo and Liaocheng exhibited negative ∆
values in certain years, with the system remaining in the lower-leaf state for several subse-
quent years. These areas represent typical cases of downward leaf transitions, indicating
that, under the combined effects of severe shocks and low resilience, the system faces risks
of functional degradation and instability, which require close attention.

4.3. Analysis of Fuzzy-Set Qualitative Comparative Analysis (fsQCA)
4.3.1. Variable Calibration

Variable calibration is a fundamental step in configurational studies such as fuzzy set
qualitative comparative analysis (fsQCA), providing a standardized basis for subsequent
analyses of necessary and sufficient conditions. Following the approach in Fiss [50], the 75th,
50th, and 25th percentiles of the sample data are set as the thresholds for full membership
points, crossover points, and full non-membership points, respectively. It better captures
both the extreme values and the central tendency of the variables, thereby enhancing
the objectivity of the calibration process. Furthermore, the quartile method significantly
mitigates the bias arising from the subjective selection of anchor points, rendering it
particularly suitable for scenarios where clear external benchmarks are unavailable. This
method relies on the statistical characteristics of the sample data to set anchor points,
ensuring strong robustness. The variable calibration anchor points and descriptive statistics
are presented in Table 4.
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Table 4. Variable calibration and descriptive statistics.

Variables

Anchors Descriptive Statistics

Complete
Membership Intersection Complete

Non-Membership Mean Standard
Deviation

System functionality 0.181 0.092 0.031 0.152 0.199
Resistance 0.410 0.351 0.233 0.339 0.173
Recovery 0.416 0.317 0.168 0.325 0.192

Regeneration 0.314 0.202 0.131 0.259 0.201
Economic policy

uncertainty 0.849 0.729 0.577 0.708 0.213

Technological
environmental uncertainty 0.945 0.902 0.832 0.871 0.141

4.3.2. Analysis of Necessary Conditions

Before conducting a configuration analysis, it is necessary to perform a necessity test
on each conditional variable to ensure that no single conditional variable is a necessary
condition for the outcome variable. The results of the necessity analysis for the conditional
variables are shown in Table 5. As can be seen, the consistency of each condition is less than
0.9, indicating that none of the conditions are necessary factors for the outcome variable,
which is consistent with the expected results.

Table 5. Results of the analysis of the necessity of prerequisites for the functionality of the construction
industry ecosystem.

Conditional Variables
High System Functionality Low System Functionality

Consistency Coverage Consistency Coverage

Resistance 0.835 0.790 0.291 0.299
~Resistance 0.259 0.252 0.796 0.840

Recovery 0.891 0.868 0.218 0.231
~Recovery 0.210 0.198 0.875 0.897

Regeneration 0.755 0.733 0.337 0.356
~Regeneration 0.337 0.319 0.747 0.768

Economic policy uncertainty 0.593 0.543 0.532 0.530
~Economic policy uncertainty 0.486 0.489 0.541 0.591

Technological environmental uncertainty 0.463 0.446 0.608 0.637
~Technological environmental uncertainty 0.623 0.594 0.471 0.488

4.3.3. Results of fsQCA Analysis

This paper employed fsQCA for configuration analysis. First, based on sample size
considerations, the case frequency threshold was set to 2. This setting ensures that the
configurations included in the analysis are sufficiently supported by empirical evidence
and aligns with the principle that at least 75% of the sample cases must be included in
configuration analysis, thereby effectively eliminating accidental configurations that occur
in only a very small number of cases. Second, the consistency threshold was set to 0.8 to
ensure the minimum standard for the adequacy of the outcome variable in the conditional
configurations. Additionally, to further prevent situations where both the conditional
and outcome variables are absent from affecting the analysis results, the PRI consistency
threshold was set to 0.75, thereby excluding configurations where the subset relationships
may be ambiguous.

(1) Configurations for High System Functionality

https://doi.org/10.3390/buildings16122376

https://doi.org/10.3390/buildings16122376


Buildings 2026, 16, 2376 19 of 27

As shown in Table 6, the overall consistency is 0.9314, which exceeds the threshold of
0.8, indicating that this combination of conditions is sufficient for high system functionality.
The overall coverage is 0.7945, meaning that the three configuration conditions cover 79.45%
of the sample cities exhibiting high system functionality, demonstrating high explanatory
power. Through an analysis of the characteristics of the core and marginal conditions within
each configuration, the three configuration conditions (H1, H2, and H3) are systematically
categorized into three typical paths.

Table 6. Ecosystem configurations for the construction industry that support high-level and low-level
system functionality.

High System Functionality Low System Functionality

Conditional Variables H1 H2 H3 H4 H5 H6 H7

Resistance • ⊗ ⊗ ⊗
Recovery ● ● ● ⊗ ⊗ ⊗ ⊗

Regeneration ● ● ⊗ ⊗
Economic policy uncertainty ⊗ • ⊗ ●

Technological environmental uncertainty ⊗ ⊗ ⊗
Consistency 0.9405 0.9666 0.9404 0.9339 0.9481 0.9481 0.9332

Original coverage 0.3778 0.6583 0.3404 0.3464 0.4435 0.4435 0.5756
Unique coverage 0.0935 0.1467 0.0428 0.0492 0.0609 0.0609 0.1380

Consistency of solution 0.9314 0.9422
Coverage of solution 0.7945 0.7371

Note:● indicates that the core condition is present, • indicates that the edge condition is present, ⊗ indicates that
the core condition is absent, ⊗ indicates that the edge condition is absent, and “blank” indicates that the condition
in the configuration may or may not occur.

Configuration H1: The “Resilience Accumulation” Path. This path indicates that a con-
struction industry ecosystem with high resistance, high recovery, and low economic policy
uncertainty as the core conditions can generate high system functionality. Under a relatively
stable external economic policy environment, the construction industry ecosystem relies
on its systemic resilience to absorb shocks and disperse risks, thereby maintaining stable
development and achieving a steady level of functionality. Tight-knit yet heterogeneous
network relationships function through a dual mechanism, forming the first layer of buffer
against system disturbances; a robust and extensive ecological chain network serves as the
second mechanism in response to disturbances. Through its deep-rooted trust networks, it
repairs disconnected nodes and maintains the smooth flow of information, materials, and
other resources within the system. The high resistance and high recovery of the system
embodied in these two-stage processes serve as the core prerequisites for this path. They
constitute the primary driving force, enabling the construction industry ecosystem to main-
tain high-level functional development when the external economic policy environment is
relatively stable.

Configuration H2: The “Resilience Synergy” Path. This path indicates that the de-
velopment state of the construction industry ecosystem, which takes high recovery and
high regeneration as core conditions and complementary high resistance as a peripheral
condition, can yield high system functionality. The coupling and synergy of these three-
dimensional capabilities form the system’s high resilience. This path reflects the synergistic
resonance of the construction industry ecosystem’s three-dimensional resilience, encom-
passing resistance, recovery, and regeneration, which facilitates a capability transition from
passive disaster response to proactive evolutionary development. This path corresponds
to a three-stage parallel and iterative process of resilience. The shock absorption repre-
sented by resistance, the shock adaptation represented by recovery, and the renewal and
reconstruction embodied by regeneration do not progress linearly but rather intertwine
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and synergize across temporal and spatial dimensions. While the organizational network
disperses instantaneous loads, the redundant pathways within the ecological chain are
already in a state of readiness for activation. Self-organizing capabilities enable the system
to monitor the external environment continuously and adjust its structural configuration.
This synergistic coupling of three-dimensional capabilities allows the system to maintain
dynamic equilibrium amid continuous disturbances, converting part of the disturbance
energy into the driving force for achieving structural diversity.

Configuration H3: The “Resilience Transition” Path. This path reveals that the con-
struction industry ecosystem, with high recovery and high regeneration as core conditions,
and intense economic policy uncertainty, as well as low technological environmental uncer-
tainty as peripheral conditions, can achieve high system functionality. This path illustrates
the evolutionary logic of the construction industry ecosystem: under a relatively stable
technological development environment, and in the face of intense economic policy pres-
sures, the system can fully mobilize its resilience capabilities. Through the interaction
between resilience and external shocks, it achieves structural reorganization and a leap in
functional capacity.

(2) Configurations of Low System Functionality

To comprehensively reveal the evolutionary mechanisms underlying the functional
levels of the construction industry ecosystem, this study further analyzed the condition
configurations leading to low system functionality. The results indicated the existence
of four configurations associated with low system functionality (H4, H5, H6, and H7),
each revealing different types of causes for low system functionality. According to Table 6,
the overall consistency is 0.9422, which exceeds the threshold of 0.8, indicating that the
condition configurations are sufficient for low system functionality. The overall coverage is
0.7371, meaning that the four configuration conditions cover 73.71% of the sample cities
exhibiting low system functionality, demonstrating high explanatory power. Through an
analysis of the characteristics of the core and marginal conditions within each configuration,
the four configuration conditions were systematically categorized into three typical paths.

Configurations H4 and H5: The “Low Resilience–Low Shocks Dependency” Path.
This path indicates that a construction industry ecosystem characterized by neither high
resistance nor high recovery as core conditions, and where either a lack of high-impact
economic policy uncertainty or a lack of high-impact technological environmental uncer-
tainty serves as a peripheral condition, results in low system functionality. These two
configurations account for 34.64% and 44.35% of the cases, respectively. This path reveals
the path-dependence dilemma arising from the dual absence of resilience capabilities
and external shocks. From the perspective of system evolution, the absence of high resis-
tance and high recovery implies that the system has lost its fundamental capabilities for
shock absorption and adaptation. At the same time, the absence of significant economic
policy uncertainty and technological environmental uncertainty implies that the system
remains in a prolonged state of “policy stagnation” and “technological silence”, lacking
the triggering conditions for structural upgrading driven by external pressure. When both
endogenous momentum and external pressure are absent, the system lacks the capacity
for self-evolution and the impetus for forced transformation. Industrial development thus
follows a low-level trajectory over the long term, falling into a “double-low” lock-in state
where it “lacks both the ability to change and the pressure to change”.

Configuration H6: The “Low-Resilience, Fixed-State” Path. This path demonstrates
that the development state of the construction industry ecosystem, in which neither high
resistance nor high recovery acts as a core condition, nor does high regeneration function
as a peripheral condition, results in low system functionality. This configuration accounts
for 57.56% of the cases. The core of this path lies in the fact that a comprehensive lack of
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resilience is the key factor leading to low system functionality. Resistance and recovery,
the foundational defenses of resilience, undertake the core functions of shock absorption
and shock adaptation. When both of these defenses fail simultaneously, even momentary
disturbances can trigger node failure; fractured relationships become difficult to mend,
and the system loses the foundation necessary to maintain basic functional output. At
this point, even if regeneration has not been completely lost, it cannot compensate for
the structural collapse at the foundational level, and investments in innovative elements
struggle to achieve their intended effectiveness. This confirms the underlying logic of
resilience-building: without a solid foundation in resistance and recovery, investments in
regeneration are nothing more than a castle in the air.

Configuration H7: The “Low Resilience–High Impact Imbalance” Path. This path
indicates that a construction industry ecosystem characterized by low recovery, low regen-
eration, high economic policy uncertainty, and high technological environment uncertainty
results in low system functionality. This configuration accounts for 16.04% of the cases.
This path reveals the dual, vicious impact of internal resilience shortcomings compounded
by external environmental turbulence. In terms of configuration, the system is under
intense pressure from high economic policy shocks. Low recovery implies that the system
lacks the ability to adapt to policy changes rapidly and maintain short-term operational
order. Low regeneration means the system struggles to transform policy pressure into
innovation momentum, failing to align with policy directions or to seize the initiative
through technological innovation and model upgrades. When internal weaknesses collide
with external pressures, the system is unable to cushion short-term shocks to stabilize
its position, nor can it leverage the momentum to transform and upgrade for long-term
sustainability. Ultimately, caught in the combined resonance of “internal and external
crises”, the system’s functionality remains at a persistently low level.

By synthesizing the six configurations that integrate high-level and low-level system
functions, a core principle running throughout can be distilled: the fundamental conditions
for recovery are the key determinants that distinguish between high and low levels of
system functionality. Within the theoretical framework of evolutionary resilience, resilience
is no longer simply defined as a system’s ability to resist external disturbances, but rather as
a process through which a system continuously adapts, learns, and reorganizes itself within
a complex and dynamic environment [51]. Among these aspects, recovery as opposed to
mere resistance or regeneration, more directly reflects a system’s core ability to maintain
critical functions and rapidly return to normal operations after deviating from its standard
state [52]. For the construction industry ecosystem, completely resisting disturbances
caused by economic fluctuations, policy adjustments, or market shocks is both unrealistic
and costly [53]. What truly determines the system’s long-term survival and evolution is its
ability to efficiently integrate resources, restore production order after a shock, and evolve
from a damaged state toward a higher level of stability. This finding reveals the pivotal role
of recovery within the resilience framework of the construction industry ecosystem. As
the intermediate link connecting shock absorption and renewal, recovery fulfills the core
function of rapidly repairing fractured nodes and maintaining basic system order during
disturbances. It also provides a stable operational foundation and a space for trial and error
to support the innovative leaps of regeneration. For local governments, the primary task
in enhancing the functionality of the construction industry ecosystem is to prioritize the
cultivation of recovery.

4.3.4. Robustness Tests

This study further conducted robustness tests on the fsQCA results by adjusting the
consistency threshold to ensure the reliability and stability of the conclusions. The original
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threshold of 0.8 was raised to 0.85, and adequacy analyses were re-conducted separately for
the high-system-functionality and low-system-functionality configurations. The test results
are shown in Table 7. There were no substantial changes in the configuration analysis
results for either the high-system-functionality or low-system-functionality configurations.
In terms of fit parameters, the consistency of each path and the overall consistency remained
above 0.85 after the adjustment, and the overall coverage was largely consistent with the
baseline analysis results, indicating that the model possesses good explanatory power.

Table 7. Robustness test results of increasing the consistency threshold.

High System Functionality Low System Functionality

Conditional Variables H1 H2 H3 H4 H5 H6 H7

Resistance ● • ⊗ ⊗ ⊗
Recovery ● ● ● ⊗ ⊗ ⊗ ⊗

Regeneration ● ● ⊗ ⊗
Economic policy uncertainty ⊗ • ⊗ ●

Technological environmental uncertainty ⊗ ⊗ ⊗
Consistency 0.9405 0.9666 0.9404 0.9339 0.9481 0.9481 0.9332

Original coverage 0.3778 0.6583 0.3404 0.3464 0.4435 0.4435 0.5756
Unique coverage 0.0935 0.1467 0.0428 0.0492 0.0609 0.0609 0.1380

Consistency of solution 0.9314 0.9422
Coverage of solution 0.7945 0.7371

Note:● indicates that the core condition is present, • indicates that the edge condition is present, ⊗ indicates that
the core condition is absent, ⊗ indicates that the edge condition is absent, and “blank” indicates that the condition
in the configuration may or may not occur.

5. Discussion
5.1. Cities with High System Functionality

“Resilience accumulation” cities rely on the synergistic effects of high system resistance
and high recovery to maintain system stability under low-intensity external shocks. This
corresponds to the stages of engineering resilience and equilibrium stability in ecosystem
resilience, with the core mechanism involving heterogeneous networks within the industry,
trust mechanisms, and redundancy in the industrial ecosystem to absorb external distur-
bances, thereby ensuring the smooth operation of information and material flows [54]. This
conclusion aligns with the view in existing research that the resilience of infrastructure sys-
tems is primarily manifested in damage resistance and rapid recovery capabilities [55], and
it is consistent with the developmental characteristics of industries that maintain functional
stability by relying on existing resource allocation and cooperative relationships in a stable
environment [56]. For cities aiming to achieve high system functionality along this path,
there is no need for large-scale capacity restructuring at the policy level. The core focus
should be on consolidating the industry’s existing developmental advantages, improving
industry credit evaluation and incentive–disincentive mechanisms, and solidifying the
foundation of the industrial trust network. At the same time, moderate and appropriate
investment in industry–academia–research innovation should be maintained, focusing
on the implementation and deepening of mature technologies such as BIM and project
management platforms. Incremental innovation should be promoted to avoid resource mis-
allocation caused by blind technological leaps, thereby maintaining a dynamic equilibrium
in the system’s resilience.

“Resilience synergy” cities have advanced systemic resilience from passive defense to
active adaptation. Centered on high recovery and regeneration capabilities and supported
by high resistance, they have formed an evolutionary model characterized by the dynamic
coupling of “resistance-recovery-regeneration” capabilities. This aligns with the core tenets
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of evolutionary resilience theory, which posits that systems achieve resilience upgrades
through learning-based adaptation and self-organization [57]. This study further confirms
that industrial resilience is not merely the sum of individual capabilities [58], but rather
the spatiotemporal synergy and resonance of multidimensional resilience capabilities. It
can transform external shocks into opportunities to optimize industrial structures, achieve
dynamic, balanced development by activating redundant pathways within the industrial
ecosystem, optimize supply chain layouts, and innovate industrial cooperation models.
This pathway represents the core development trajectory for most high-functionality cities.
For such cities, in addition to consolidating the existing foundation of industrial resilience,
it is essential to prioritize expanding the openness of the industrial innovation ecosystem.
They should actively participate in international construction technology cooperation and
the formulation of industry standards, empowering industrial upgrading through cross-
border technology learning. Simultaneously, they should strengthen the industrial spillover
and driving role of core cities on surrounding regions to build a regionally coordinated
construction industry resilience community.

“Resilience transition” cities that are driven externally by intense economic policy
shocks and rely on the system’s high regeneration to achieve structural transformation
and a leap in industrial capabilities [59], validate the applicability of the theory of creative
destruction to the evolution of industrial ecosystems [14,60]. Existing research on the
resilience of regional innovation ecosystems indicates that higher-order dynamic capa-
bilities can propel systems past critical development thresholds and achieve qualitative
upgrades [61]. This study further refines the application of this theory to the construction
industry, confirming that digital technologies, internal innovation, and process reengineer-
ing are the industry’s core levers to break through inherent developmental constraints and
achieve a resilience-driven leap. By integrating data elements and reshaping industrial
production relations, industry can complete the transition from “shock absorption” to
“shock-driven regeneration.” For high-system-functionality cities on this trajectory, high-
intensity external shocks are not obstacles to development but rather “pressure engines”
that compel industrial upgrading. Local governments must accurately identify the win-
dow of opportunity presented by such shocks, establish routine industrial emergency
buffer mechanisms, and solidify the transformation support system by setting up special
transformation funds, building contingency supply chains, and improving coordination
mechanisms among government, banks, and enterprises. At the same time, they should
proactively leverage external shocks to drive industrial innovation, overcome technological
bottlenecks through technology introduction and joint research efforts, and propel the
urban construction industry to make a qualitative leap from a “large-scale industrial city”
focused on expansion to a “strong industrial city” centered on quality upgrading.

5.2. Cities with Low System Functionality

First, a dual-track approach of strengthening fundamentals and providing stimulus to
break out of path lock-in should be considered. For dependent and stagnant cities, policy
should focus on simultaneously activating endogenous momentum and leveraging external
pressures. The former involves solidifying foundations by attracting leading enterprises
and securing support from higher-level authorities; the latter involves stabilizing enter-
prises through credit relief and risk buffers, prioritizing the cultivation of niche markets
and collaborative networks, and introducing advanced innovation factors only after basic
absorption capacity has been established to avoid the idling of resources. Second, correct-
ing misalignments to resolve internal and external cross-cutting dilemmas should also be
considered. For cities characterized by low resilience and high-impact imbalances, priority
must be given to activating emergency buffer mechanisms for recovery. While relying on

https://doi.org/10.3390/buildings16122376

https://doi.org/10.3390/buildings16122376


Buildings 2026, 16, 2376 24 of 27

government–bank–enterprise collaboration to provide liquidity support, an emergency
collaboration network for equipment sharing and personnel deployment should be estab-
lished to stabilize core operations. Simultaneously, enterprises should be guided to seize
policy windows, leverage transformation funds, build external partnerships, and cultivate
specialized, refined, distinctive, and innovative enterprises to capture policy dividends,
thereby transforming pressure into momentum. Once the impact subsides, emergency
response nodes should be transformed into industrial hubs, temporary funding into regular
credit, and emergency trust into long-term contracts, thereby completing the restructuring
of capabilities through the process of responding to the shock.

6. Conclusions and Limitations
6.1. Conclusions

(1) Theoretical Contributions

This study systematically revealed the evolutionary patterns of the construction indus-
try ecosystem under the dual influence of external shocks and internal resilience. And it
overcame the limitations of traditional static assessments by exploring the intrinsic logic of
its adaptation and transformation from a dynamic, nonlinear perspective. First, a theoreti-
cal analytical framework was constructed that integrated the formation and mechanisms of
resilience. By integrating industrial ecosystem theory with resilience theory, this study elu-
cidated the constitutive characteristics of the construction industry ecosystem, clarified the
transmission pathways of external shocks, and explained how the system accumulated and
released resilience through organizational relationships, ecological chain redundancy, and
self-organizing capabilities. Building on this foundation, this study advances theoretical
understanding from “what resilience is” to “how resilience operates and evolves.” Second,
this study revealed the nonlinear evolutionary patterns of the construction industry ecosys-
tem under the dual influence of shocks and resilience. By introducing the cusp catastrophe
model, this study identified critical states of system evolution and accurately diagnosed
the differentiated evolutionary states exhibited by different regions under the interaction
of external shocks and internal resilience. Third, this study analyzed the differentiated
configuration paths driving the functional evolution of the construction industry ecosystem.
By employing the fsQCA method, it investigated how specific combinations of external
shocks and internal resilience across various dimensions lead to the emergence of high or
low system functionality, identifying multiple equivalent paths.

(2) Practical Implications

The findings of this study hold dual practical value for enhancing resilience and
promoting high-quality development in Shandong Province. From the perspective of
government governance, this study provided scientific support for differentiated and
refined policy regulation of the construction industry. By implementing tailored measures
for cities with different resilience characteristics, it can effectively move away from a one-
size-fits-all governance model and precisely address the shortcomings in the construction
industry’s ability to withstand shocks across various regions. From the perspective of
construction industry development, this study clarified that resilience is the core factor
determining the functionality of the construction industry system, thereby providing
important guidance for enterprises in managing shocks and transforming their operations.

6.2. Limitations and Future Directions

This study has some limitations that could be addressed in future research. First,
although Shandong Province ranks among the top in the country in terms of the scale of
its construction industry and can represent the development trajectory of the construction
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industry in most regions of China, further verification is needed to determine whether the
study’s conclusions also apply to provinces or countries with different economic structures.
Provinces or countries with different economic structures exhibit differences in terms
of economic development levels, industrial structures, and policy environments, and
the patterns of resilience evolution exhibit certain regional characteristics. In the future,
the scope of the study could be expanded to all provinces across the country and to
other nations, broadening the research to the regional level and conducting cross-regional
comparative studies to identify common patterns in the evolution of resilience.

Second, while some of the variables in this study rely on the annual reports of listed
companies, which ensure the authority, availability, and standardization of the data, this
approach overlooks the actual data from unlisted small- and medium-sized enterprises. To
some extent, this limits the representative value of the study’s conclusions for the entire
industry. In the future, questionnaire surveys or interviews targeting small- and medium-
sized enterprises could be conducted to supplement the corporate data, thereby validating
and enriching the conclusions of this study.

Third, this study spans a total of nine years (2015–2023), allowing it to reflect the evo-
lutionary characteristics of Shandong Province’s construction industry ecosystem during
this period. However, the accumulation and release of resilience in economic systems are
often long-term processes, and a nine-year timeline may not be sufficient to fully capture
the entire process from technological investment to functional transformation. In the future,
the study period could be extended to conduct phased comparative analyses, observing
the accumulation of resilience and shifts in evolutionary trajectories as the system un-
dergoes multiple rounds of shocks across different time periods, thereby gaining a more
comprehensive understanding of the long-term patterns of resilience evolution.
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