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In the context of increasing global uncertainty and climate-related challenges,
low carbon transformation is crucial for China to achieve its “carbon peak and
carbon neutrality” objectives. This initiative also serves as a vital approach to
bolster ecological capacity and maintain ecosystem stability. This study aims to
systematically evaluate the policy effects of LCC pilot initiatives on enhancing
urban ecological resilience, thereby providing scientific evidence for refining low-
carbon development policies. To this end, the research employs a difference-in-
differences (DID) model to examine the effects of low carbon transformation on
ecological resilience (ERS) from 2005 to 2022, utilizing China’s LCC pilot policies
as a quasi-natural experiment. The findings indicate that the low carbon
transformation markedly enhances ERS, with this conclusion holding strong
across multiple assessments. Mechanistic analysis further reveals that LCC
construction enhances ERS by promoting industrial restructuring and
upgrading of industrial structure (UIS), as well as reducing energy
consumption intensity (ECI). Additionally, government-enforced environmental
regulations (ERGs) act as an external force, amplifying the positive effects of LCC
pilot initiatives on ERS. This study is the first to systematically examine the impact
mechanisms of LCC pilot policies on ERS, filling a critical gap in policy evaluation
and urban sustainable development research. The findings not only provide
empirical evidence for low-carbon city construction but also offer important
insights for policy optimization in global urban green transitions.
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1 Introduction

In light of the interconnected issues posed by global climate change and swift industrial
development, the establishment of low-carbon cities (LCCs) has emerged as a vital approach
for countries striving to attain ecological sustainability (Liu et al., 2022). Ecological
resilience (ERS) denotes the capacity of urban ecosystems to maintain their critical
functions and infrastructure in the face of external disturbances and risks. China has
achieved significant advancements in the realm of ecological environmental protection;
however, the entrenched economic growth model poses challenges to immediate
transformation, thereby impeding initiatives aimed at reducing ecological stress and
enhancing ecological carrying capacity (Li et al., 2020). As a major contributor to
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global carbon emissions, China has been implementing LCC pilot
projects since 2010. These initiatives focus on mitigating carbon
emissions by fostering industrial transformation, optimizing energy
use, and improving resource efficiency, ultimately aiming to
enhance the nation’s ERS (Liu and Xu, 2022; Tang and Zhang, 2023).

A growing body of independent research focuses on the
relationship between LCCs and ERS. Based on the theory of
composite ecosystems, some scholars have developed a
progressive strategy that integrates “industrial low-carbon
transformation, energy cleanliness, and governance synergy,”
emphasizing the role of social organization in policy
implementation. This strategy moves away from traditional
technology-centered approaches and highlights the importance of
stimulating residents’ behavioral change through mechanisms such
as community carbon accounts (Zhu and Li, 2024).

In the evaluation of policy effects, most scholars have utilized the
quasi-natural experiment framework of LCC construction to
establish difference-in-differences (DID) models, creating a
research framework that examines the impact of low-carbon city
pilot programs on overall urban resilience (Zhang S. et al., 2024;
Zhang Z. et al., 2024). Additionally, some studies have investigated
the effects of low-carbon city development on urban environmental
quality and ecological efficiency (Hu et al., 2025; Ma and Sun, 2025).
Research findings indicate that LCC initiatives can effectively
enhance overall urban environmental quality, although their
specific impacts on urban ecological efficiency demonstrates
significant heterogeneous characteristics. The effectiveness of
these policies is influenced by regional resource endowments and
institutional environments. Cities with strong industrial foundations
are more likely to achieve emission reductions and efficiency
improvements through technological innovation, while resource-
based cities require cross-regional ecological compensation
mechanisms to balance economic and environmental goals (Pan
et al., 2022)

Regarding the differentiated characteristics of urban ecological
risks, some scholars have integrated the DPSIR framework and
ecological network analysis model to comprehensively assess the
ecosystem resilience of 35 cities in China. They found that resource-
dependent cities face greater risks of ecosystem collapse due to their
single industrial structure and accumulated ecological liabilities
(Zhao et al., 2021). Other scholars have enhanced the “stress-
sensitivity-resilience” framework, identified spatial distribution
patterns of high carbon emission-sensitive areas, and proposed
adaptive planning approaches based on natural solutions. These
include limiting the expansion of high-energy-consuming industries
in ecologically sensitive zones, restoring slope ecosystems through
vertical greening and terraced field agriculture, and balancing
carbon sequestration with disaster prevention functions to
enhance ecosystem carrying capacity (Ghosh et al., 2022). In the
coordinated development of Beijing, Tianjin, and Hebei, the
ecological carrying capacity of their urban agglomeration has
significantly decreased. Many scholars, both domestic and
international, have identified key driving factors of ERS using the
“stress-state-response” model. Research indicates that intensive l
and use can be alleviated through strategies such as three-
dimensional greening, mixed-function development, and cross-
administrative corridor planning to connect ecological networks
and reduce stress on ecological spaces (Shi et al., 2022).

While comprehensive analyses have been conducted on the
effects of LCC construction and ERS, most studies focus either
on LCC construction or ERS independently, lacking a systematic
analysis of the complex socio-ecological interactions in the rapid
urbanization process of developing countries. Meanwhile, existing
studies predominantly focus on examining the relationship between
low-carbon cities and urban resilience at an aggregate level, with
limited granular analysis of their impact on ERS specifically.
Although some research addresses urban environmental quality
or ecological efficiency, these works primarily concentrate on
ecological carrying or resistance capacity, failing to
comprehensively assess how LCC development influences the
integrated system of ERS encompassing resistance, recovery, and
adaptive response capabilities - an oversight that may compromise
the systematic and scientific rigor of ecological decision-making.
Against this backdrop, our study specifically investigates the impact
of LCC construction on urban ecological resilience, the innovation
of this study lies in integrating LCC policies and ERS within a unified
analytical framework, this study systematically reveals the intrinsic
relationship between policy interventions and ecosystem stability,
providing a novel theoretical perspective for interdisciplinary
research on urban sustainable development. The potential
marginal contributions are as follows: First, this integration not
only addresses the theoretical fragmentation in current literature but
also expands the academic boundaries of urban environmental
governance. Second, by exploring transmission mechanisms
through industrial structure upgrading, energy consumption
intensity, and environmental regulation, we establish concrete
pathways between policy implementation and resilience
enhancement, these findings offer a scientific basis for
policymakers to design targeted policy toolkits, providing direct
guidance for optimizing the allocation of policy resources. Third, by
analyzing the heterogeneous effects of LCC on ERS across cities with
varying geographical locations, resource endowments, and
population scales, the study challenges the validity of a “one-size-
fits-all” governance approach. The empirical evidence supports the
formulation of regionally differentiated policies, offering universally
applicable insights for global urban green transitions.

The study is structured in the following manner: Section 2
outlines the theoretical framework and the hypotheses guiding
the research; Section 3 details the design of the study; Section 4
provides a comprehensive report on the key findings, including
benchmark regression results, endogeneity assessments, robustness
evaluations, and analyses of underlying mechanisms; Section 5
investigates the results related to heterogeneity; and Section 6
wraps up with implications for policy. Figure 1 provides the
research framework.

2 Theoretical analysis and research
hypothesis

2.1 The direct impact of low carbon
transformation on ERS

In recent years, the concept of green and sustainable
development has attracted considerable interest, especially with
the emergence of the “dual carbon” goal. The conventional
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approach of prioritizing swift economic expansion while neglecting
environmental conservation st and s in stark contrast to China’s
modernization trajectory, which advocates for a balanced
relationship between humanity and the natural world (Zhou and
Gao, 2025). The LCC pilot policy is fundamentally an institutional
strategy aimed at improving the ecological environment by
encouraging cleaner production practices and sustainable
lifestyles. As key contributors to carbon pollution, companies
bear significant responsibility for reducing pollution, carbon
emissions, and exp and ing green spaces. This responsibility is
driven both by the internal green awareness of management and
external pressure from stakeholders such as the government, media,
and the public (Liao and Xiao, 2025; Xiao et al., 2024).

The government assumes dual responsibilities, acting as both
a facilitator and a regulator. In its role as the chief architect of
LCC construction, it promotes the integration of low-carbon
technologies via initiatives focused on environmental
conservation, strategic policy direction, and advancements in
institutional frameworks (Zhao et al., 2023). It promotes a shift
for enterprises away from energy-intensive production
techniques, advocating for a harmonious balance between
immediate economic benefits and enduring sustainability.
Furthermore, the government functions as an external
regulatory entity. For instance, composite carbon policies—like
carbon trading and carbon taxes—can efficiently restrict
corporate carbon emissions by raising market transaction
costs and pollution-related expenses (Gu et al., 2024; Lan
et al., 2024), thus reducing ecological pressure. During the
construction of the LCC, certain companies synchronize their
operations with national policies, actively participating in energy
conservation and emission reduction initiatives to improve their
corporate reputation, subsequently drawing in potential
investors (Zameer et al., 2024). Based on the above analysis,
the first hypothesis of this study is proposed:

Hypothesis 1: Low carbon transformation contributes to
enhancing ERS.

2.2 The indirect impact of low carbon
transformation on ERS

In the context of China’s swift urban development and industrial
growth, high-carbon industries have played a pivotal role in the
national economy, acting as the main contributor to carbon dioxide
emissions (Zheng et al., 2021). The creation of pilot LCCs serves as a
strategic instrument for governmental planning, applying
considerable external pressure that facilitates the rigorous
regulation of high-pollution enterprises. Porter’s innovation
hypothesis suggests that thoughtfully crafted government-
enforced ERGs can stimulate innovation compensation effects for
businesses, aiding in the mitigation of compliance costs. The
implementation of these regulations encourages the advancement
of environmentally friendly technologies (Porter and Linde, 1995;
Wang S. S. et al., 2024), facilitating a transition towards more
sustainable corporate practices and supporting the enhancement
of industrial frameworks to attain reduced energy usage and
increased value-added output. The alteration of industries
characterized by high energy consumption, significant pollution,
and elevated carbon emissions plays a crucial role in directly
decreasing carbon emissions and alleviating the ecological strain
on urban environments resulting from conventional production
techniques (Zhang et al., 2023). Simultaneously, the incremental
rehabilitation of the ecological l and scape will bolster ecosystem
resilience and improve overall stability. Moreover, the
advancements in technology associated with LCC construction
offer powerful instruments for environmental observation and
risk prediction, which enhance urban areas’ ability to respond to
external environmental influences (Shao et al., 2024), thus

FIGURE 1
Research framework.
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improving overall ERS. Based on the above analysis, the second
hypothesis of this study is proposed:

Hypothesis 2: Low carbon transformation enhances ERS by
promoting UIS.

Energy is a fundamental resource for human survival and social
progress. In response to energy poverty resulting from the
accelerated consumption of fossil fuels, initiatives like the “Kyoto
Protocol” and the “Paris Agreement” have significantly boosted
global renewable energy consumption, effectively addressing climate
issues and alleviating energy poverty (Dong et al., 2021; Kim and
Kakinaka, 2019). LCC construction not only encourages individuals
to adopt low-carbon lifestyles at the micro level but also promotes
clean energy usage and reduces overall energy consumption (Shen
and Sun, 2023), while facilitating industrial structure upgrades at the
macro level. On 1 h and, the LCC pilot policy requires local
governments in designated cities to implement rigorous energy-
saving evaluations, thereby enhancing their accountability for
energy conservation and the reduction of emissions (Xu et al.,
2022). In pursuit of regional objectives related to energy
conservation and the reduction of emissions, governmental
efforts are focused on executing environmental protection
initiatives and educational outreach. These programs aim to
encourage the public to adopt clean energy practices, promote
sustainable consumption habits, and develop a lifestyle that
prioritizes energy efficiency and environmental stewardship
throughout the community (Zhang and Zheng, 2023). On the
other h and, the global ecological crisis’s enormous impact on
the functioning of society has led people to recognize the
importance of a healthy ecological environment for human
health and the survival and development of future generations
(Wang C. et al., 2024; Wu et al., 2024). Therefore, during the
construction of LCCs, most members of society actively respond
to government ecological policies, consciously adopting low-carbon
lifestyles, improving the energy consumption structure in daily life,
and reducing ECI (Liu and Xu, 2022; Yang and Liu, 2025). The
inhibitory effect of LCC construction on total energy consumption
indirectly promotes improved energy efficiency, reduces ECI, and
lessens pollution to the ecological environment, providing favorable
conditions for maintaining the ecosystem and enhancing ERS. Based
on the above analysis, the third hypothesis of this study is proposed:

Hypothesis 3: Low carbon transformation can reduce ECI and
enhance ERS.

LCC construction, as a regional pilot policy under national
ecological planning, is fundamentally an environmental
intervention mechanism led by the government (Yan and Jie,
2024). To engage diverse social stakeholders in the development
of LCCs, the Chinese government has consistently highlighted
principles of environmental stewardship, including pollution
mitigation, emission control, green initiatives, and energy
efficiency. The government has implemented a variety of
policies that integrate beneficial incentives with restrictive
measures, employing mechanisms such as tax incentives, green
finance, and obligatory penalties (Chen et al., 2024; Shafi et al.,
2023; Wang et al., 2023). These policies promote or necessitate
the rapid transition to alternative energy sources, the innovation
of processes, the implementation of sustainable technologies, and

the reduction of pollutant emissions (Huang et al., 2021; Zhou
et al., 2023). The synergistic application of diverse environmental
regulatory policy instruments can significantly enhance policy
oversight, establishing a robust deterrent to carbon emissions
from corporations. This contributes to the mitigation of
pollutants originating from coal-based energy systems,
enhances the advancement and application of renewable
energy technologies, and encourages the adjustment and
optimization of energy structures (Li and Taeihagh, 2020).
Additionally, ERGs possess dynamic adaptability, such as
carbon emissions trading systems that guide resources toward
low-carbon areas via market mechanisms, enhancing the
buffering capacity of ecosystems against climate impacts
(Zhang Y. F. et al., 2020). ERGs issued by the government not
only contribute to spreading the ecological benefits of LCC
construction but also help establish a comprehensive ERS
strengthening mechanism of “emission reduction from sources
+ process control + end restoration” through external
institutional constraints, thereby improving urban ecological
status and response resilience (Kim and Kakinaka, 2019).
Based on the above analysis, the final hypothesis of this study
is proposed:

Hypothesis 4: ERGs enhance the role of low carbon
transformation in enhancing ERS.

3 Research design

3.1 Model settings

3.1.1 Benchmark model
A DID model, based on quasi-natural experiments of LCC pilot

policies, was developed to estimate the impact of LCC construction
on ERS. The model is specified as follows:

Eco resilienceit � α + βDIDit + λControlsit + μi + ]t + εit (1)

Where, i and t denote the urban location and the corresponding
year, respectively. Eco resilienceit denotes the ERS of city i in the
year of t. DIDit is the policy dummy variable, indicating whether
city i is a pilot LCC in year i. Controlsit denotes a collection of
regulatory factors, encompassing economic advancement, industrial
composition, urbanization degree, external engagement, and
demographic concentration. μi is the fixed effect of a city. ]t is
time fixed effects. εit is the r and om error term. The estimated
coefficient serves as the central element of this investigation,
indicating both the direction and magnitude of the influence
exerted by LCC construction on ERS.

3.1.2 Mechanism model
This research investigates the roles of industrial structure

upgrading and ECI as mediating variables, with ERG functioning
as a moderating variable, to analyze their effects on the relationship
between LCC construction and ERS. The precise configuration
parameters are outlined below:

Mit � α0 + α1DIDit + χControlsit + μi + ]t + εit (2)
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Eco resilienceit � β0 + β1DIDit + β2Mit + ωControlsit + μi + ]t + εit

(3)
Eco resilienceit � θ0 + θ1DIDit + θ2envit + θ3DIDit × envit

+ ρControlsit + μi + ]t + εit
(4)

Formulas 2, 3 represent models for the mediating effects of
industrial structure upgrading and ECI, withMit and serving as the
mediating variables. Formula 4 depicts the model for the regulatory
effect of ERG, where envit denotes the ERG variable. All other
variables remain consistent with Formula 1.

3.2 Variable selection

3.2.1 Explained variable: ERS (Eco_resilience)
The concept of “resilience” pertains to an organism’s

capacity to withst and, adjust to, and recuperate from
external disturbances. Based on the conceptual understanding
of resilience and ecological principles, an evaluation index
system for ecological resilience was constructed from three
dimensions: state resilience, pressure resilience, and response
resilience. State resilience reflects the self-organizing capacity of
urban ecosystems to withstand persistent external disturbances,
representing their inherent characteristics. This dimension
includes positive indicators such as per capita water
resources, green coverage rate in built-up areas, per capita
park green space, and per capita built-up area. Pressure
resilience captures the adverse shocks experienced by urban
ecosystems, measuring their carrying capacity through
indicators including per capita industrial wastewater
discharge, per capita industrial sulfur dioxide emissions, per
capita industrial soot emissions, per capita carbon emissions,
and annual average PM2.5 concentration. Response resilience

represents the proactive measures taken by ecosystems to
counteract adverse shocks, reflecting their adaptability and
recovery potential. The complete index system is presented in
Table 1. This study employs the entropy weight method to
objectively assign weights to each indicator. The method’s
core principle involves calculating the information entropy of
indicators to quantify data variability. According to information
theory, indicators showing significant variation across samples
(with low entropy) contain more discriminative information and
thus receive higher weights, while indicators with homogeneous
values (high entropy) are assigned lower weights. The
comprehensive ecological resilience index is then calculated
using weighted averaging.

3.2.2 Explanatory variable: LCC pilot policy (DID)
By the year 2022, China had launched three distinct cohorts of

LCC pilot projects in the years 2010, 2012, and 2017. In this
investigation, the dummy variable representing the LCC pilot
policy functions as the explanatory variable, where the year of
policy implementation and the following years are designated a
value of 1, while all other years are assigned a value of 0. In instances
where pilot cities exhibit overlap across various years, the earliest
year designated for the pilot is utilized as the year of policy
implementation.

3.2.3 Mechanism variables
3.2.3.1 Mediating variables

The upgrading of industrial structure (UIS) and ECI. The
implementation of LCC pilot policies fosters adaptations in
production and lifestyle, facilitating the restructuring of
industries. The overall industrial structure upgrade is assessed
through the ratio of primary, secondary, and tertiary industries,
as illustrated in Formula 5.

TABLE 1 ERS evaluation index system.

Grade 1 Indicator Grade 2 Indicator Grade 3 Indicator Indicator Attribute

ERS State_resilience Per capita water resource amount (cubic meters/person) +

Green coverage rate of a built-up area (%) +

Per capita park green area (hectares/10,000 people) +

Per capita built-up area (square kilometers/10,000 people) +

Stress_resilience Per capita industrial wastewater discharge (ton/person) -

Per capita industrial sulfur dioxide emissions (tons/person) -

Per capita industrial smoke and dust emissions (tons/person) -

Per capita carbon emissions (tons/person) -

Annual average concentration of PM2.5 (mg/m3) -

Response_resilience Industrial sulfur dioxide removal rate (%) +

Industrial smoke and dust removal rate (%) +

Harmless treatment rate of household waste (%) +

Centralized treatment rate of sewage plant (%) +

Comprehensive utilization rate of industrial solid waste (%) +

Frontiers in Environmental Science frontiersin.org05

Song and Wang 10.3389/fenvs.2025.1646478

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2025.1646478


Indup � The primary industry/GDP × 1

+ The secondary industry/GDP × 2

+ The tertiary industry/GDP × 3 (5)

LCC construction provides residents with a cleaner and more
visually appealing living environment, which fosters an intrinsic
motivation among society members to actively preserve and protect
this environment. Driven by heightened environmental awareness,
individuals may reduce energy consumption, improve energy
efficiency, and accelerate the adoption of energy conservation and
emission reduction practices. Accordingly, ECI is quantified by per
capita energy consumption. A lower ECI indicates higher energy
utilization efficiency and reduced marginal environmental pollution.

3.2.3.2 Moderating Variable
The government, as the main entity tasked with safeguarding the

environment, plays a crucial role in the strategic planning anddirection of
LCC development. The intricate balance between human activity and
natural ecosystems is a fundamental aspect of China’s approach to
modernization. For decades, the Chinese government has focused on
achieving a harmonious relationship between economic development
and ecological preservation, producing a variety of policy documents to
guide efforts in environmental conservation. Table 2 shows environment-
related keywords extracted from local government work reports, the
assessment of ERG is quantified by the ratio of terms associated with
environmental matters found within these reports (Chen et al., 2018).

3.2.4 Control variables
The ecosystem is shaped by numerous interacting factors. In this

investigation, various control variables such as economic development,
industrial structure, urbanization level, openness to external influences,
and population density were integrated to assess the net impact of LCC
policies on ERS. The natural logarithm of per capita regional GDP serves
as an indicator of economic development. The industrial structure is
quantified by the proportion of the tertiary sector relative to the
secondary sector. Urbanization is assessed by the ratio of the urban
populace to the overall population. Openness is measured as the natural
logarithm of foreign direct investment. Population density is quantified
through the natural logarithm of the l and area available per individual.

3.3 Data source

This investigation encompasses the timeframe from 2005 to
2022, concentrating on prefecture-level cities within China. The
primary source of data was the “China Urban Statistical Yearbook.”

A sample comprising 260 cities was meticulously chosen, omitting
those with considerable data deficiencies, while absent values were
addressed using linear interpolation techniques. Table 3 presents the
descriptive statistics for each variable analyzed. The st and ard
deviation of ERS is 0.070, while the mean is 0.094, suggesting
considerable variability among cities.

4 Empirical results

4.1 Analysis of the characteristics and facts
of ERS

The ERS is a vital component for the sustainable advancement of
human communities and ecological systems. China has consistently
emphasized the importance of ecological balance, enacting policies
aimed at regulating both production and consumption, promoting
sustainable practices, and minimizing energy usage. These initiatives
seek to augment the resilience of urban ecosystems and optimize
ERS. Using the evaluation index system presented in Table 1, the
overall level of ERS in China from 2005 to 2022, along with the sub-
dimensions of state resilience, stress resilience, and response
resilience, was calculated and their temporal evolution plotted.
Figure 2 shows the temporal evolution of overall ERS, revealing a
significant and sustained growth trend, indicating the success of
China’s urban ecological governance. Figure 3 shows the temporal
evolution of state resilience, stress resilience, and response resilience.
Response resilience exhibits the most noticeable growth, suggesting

TABLE 2 Vocabulary related to government environmental protection.

Environmental dimension Environmental vocabulary

Environmental objectives Environmental protection, green, clean, low-carbon, blue sky, green water, green mountains

Environmental factors Ecology, air, climate

Environmental pollution Pollution, sulfur dioxide, chemical oxygen dem and, haze, particulate matter, carbon dioxide, ECI consumption, loose coal, coal
combustion, pollution

Environmental protection measures ECI saving, emission reduction, desulfurization, and denitrification

TABLE 3 Descriptive statistical results.

Variable N mean sd min max

Eco_resilience 4680 0.094 0.070 0.029 0.865

State_resilience 4680 0.060 0.070 0.004 0.831

Pre_resilience 4680 0.009 0.000 0.004 0.010

Res_resilience 4680 0.026 0.002 0.011 0.034

DID 4680 0.378 0.485 0.000 1.000

eco 4680 10.837 0.564 9.007 13.056

ind 4680 1.085 0.590 0.130 5.650

urb 4680 0.570 0.143 0.182 1.000

open 4680 4.697 2.098 −2.303 10.099

pop 4680 5.798 0.899 1.609 7.882
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positive development in the ecological responsiveness of Chinese
cities. State resilience also shows an upward trend, but not
significantly, and urban ecological stress has not decreased over
time. This may be due to the inadequacy of traditional
environmental governance methods to address emerging
pollution types, such as persistent organic pollutants (POPs),
endocrine disruptors (EDCs), and microplastics, which are not
easily detected by conventional monitoring methods and remain
unregulated in current policies (Zhang X. M. et al., 2020).

To investigate the spatial differentiation of ERS in China at
different time points, this study utilized ArcGIS 10.2 to conduct
spatial visualization analysis of ERS and its sub-dimensions for
2005 and 2022 using the natural breaks method (Figures 4, 5). In
2005, most cities had moderate or lower levels of ERS, with notable
spatial imbalances, particularly along the eastern coast. By 2022, the
distribution of ERS had become more balanced, with fewer regions
showing extreme polarization. This shift reflects China’s transition
from fragmented ecological governance to more systematic and
holistic governance, helping to reduce the ERS gap between cities
and improving overall ecological governance efficiency.

Figure 5 illustrates the spatial distribution of the sub-
dimensions of ERS in Chinese cities for 2005 and 2022. In
2005, the spatial distribution of state resilience and stress
resilience across cities was relatively balanced, but spatial
differences in response resilience were more pronounced,
particularly in North China, where ecological response
resilience was significantly higher. By 2022, ERS showed a slight
shift in spatial distribution, still maintaining balance. ERS in most
cities increased significantly to a higher level, with more evenly
distributed spatial patterns. The spatial polarization effect of urban
ecological response resilience weakened, showing an overall
increase with a more moderate level.

4.2 Benchmark regression

The development of LCCs signifies a crucial strategic initiative
by China to address carbon pollution, resonating with the principle
that “Lucid waters and lush mountains are invaluable assets” in this
contemporary context. Although the immediate advantages of LCC
construction on the ecological environment might be constrained, it
is crucial to investigate whether this results in the long-term
improvement of ERS. Table 4 illustrates the benchmark
regression outcomes for LCC pilot policies concerning ERS. The
first column displays the results of a univariate regression without
controlling for additional variables. The DID coefficient is positive
and statistically significant at the 1% level, indicating that LCC pilot
policies positively influence ERS. To account for potential
confounding variables, a set of control variables was
implemented. The findings presented in column (2) of Table 4
indicate that the DID coefficient continues to exhibit a positive value
and maintains statistical significance at the 1% level, thereby
reinforcing the beneficial influence of LCC pilot policies on ERS.
The initial verification of Hypothesis 1 has been achieved. This
empirical finding aligns with and extends previous research on the
carbon-reduction effects of low-carbon cities. The results
demonstrate that low-carbon city initiatives not only effectively
enhance public awareness of ecological protection and reduce
urban carbon emissions (Xu and Liu, 2025), but also contribute
to improving the resilience level of entire ecosystems and elevating
overall environmental quality. Additionally, the results in columns
(3) to (5) of Table 4 reveal that LCC construction significantly affects
urban ecological state and stress resilience. Specifically, the
coefficient for ecological state resilience is positive, while the
coefficient for stress resilience is negative, suggesting that LCC
policies enhance ecological state resilience and reduce ecological
stress resilience. The results in column (5) suggest that LCC
construction positively impacts ecological response resilience, but
this effect is not statistically significant, indicating that LCC
construction does not significantly improve the response capacity
to ecological environmental crises. From a theoretical perspective,
these findings significantly extend ecological modernization theory
by not only validating the effectiveness of the “prevention-
improvement” pathway but also revealing the existence of policy
blind spots, thereby providing new empirical evidence for refining
urban climate governance frameworks. It is particularly noteworthy
that these results simultaneously reflect how current policies
emphasize front-end prevention over emergency response

FIGURE 2
Temporal evolution diagram of ERS

FIGURE 3
Temporal evolution of sub-dimensions of ERS
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capacity building, which substantially constrains the efficiency of
ecological crisis response.

4.3 Endogeneity test

To mitigate issues related to endogeneity, the lagged term of the
LCC pilot policy was employed as an instrumental variable in the two-
stage least squares (2SLS) estimation process. The findings presented
in Table 5 demonstrate that the Kleibergen-Paap rk LM statistic

successfully met the significance threshold at the 1% level, thereby
affirming the suitability of the instrumental variables employed. The
Kleibergen-Paap rk Wald F statistic exceeds the critical value (16.38)
of the Stock-Yogo 10% st and ard, indicating no weak instrument
problem. The first-stage estimated coefficient of the instrumental
variable is significant at the 1% level, and the second-stage regression
coefficient of the explanatory variable is significantly positive,
suggesting that after accounting for endogeneity, the effect of low-
carbon city development on ERS remains unchanged, further
confirming the robustness of the study’s conclusions.

FIGURE 4
Spatial Distribution of ERS in Chinese Cities in 2005 and 2022. Note: Based on the standard map (Approval No. GS (2022) 1873) from the Ministry of
Natural Resources’ Standard Map Service, unmodified.

FIGURE 5
Spatial Distribution of Sub-dimensions of ERS in Chinese Cities in 2005 and 2022. Note: Based on the standard map (Approval No. GS (2022) 1873)
from the Ministry of Natural Resources’ Standard Map Service, unmodified.
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4.4 Robustness test

4.4.1 Parallel trend test
Parallel trend test is a prerequisite for conducting unbiased DID

estimation. A parallel trend testing model was set up as shown in
Formula 6 to exclude alternative explanations for the results based
on prior trends.

Eco resilienceit � α + ∑
5

n�−5
βnDIDin + λControlsit + μi + ]t + εit (6)

Where, n is the time distance between the sample year and
the year of digital impact on the supply chain, and DIDin is the
year n in which low-carbon pilot cities implemented this policy
is specified. Considering the relatively long period of time
before and after the implementation of low-carbon city pilot
policies, in this paper, the years before the 5 years before policy
implementation was merged into the - 5, and the year after the
first 5 years of policy implementation was merged into the 5. To
mitigate the effects of multicollinearity, the prior year (n = −1)
of the pilot program was chosen as the baseline for evaluating
the policy’s impact across the 5 years before and after the pilot’s
implementation. The findings from the parallel trend test
(Figure 6) demonstrate that, before the commencement of
the LCC pilot projects, there were no notable differences in
the ERS between pilot and non-pilot cities, as the values
remained within the 95% confidence interval (CI), thereby
reinforcing the parallel trend hypothesis. The coefficient for
the year following policy implementation was significantly
positive, indicating that LCC construction can significantly
enhance ERS. The policy’s effectiveness has been
preliminarily verified.

4.4.2 Placebo test
A placebo test was conducted by r and omly selecting a sample of

cities, matching the number of the treatment group in the baseline
regression, and treating this sample as the new treatment
group. This process was repeated 1,000 times, followed by re-
regression. Figure 7 illustrates the distribution of the kernel
density coefficient and p-values for LCC pilot policies following
the process of r and om sampling. The average estimated coefficient

TABLE 5 Endogenous test.

Variable First Second

DID 0.0050*** (0.0013)

L.DID 0.7902*** (0.0023)

eco −7.9601*** (1.1621) 1.7819 (4.7201)

ind 0.0077** (0.0036) 0.0018 (0.0013)

urb 0.1113*** (0.0303) 0.0991*** (0.0096)

open 0.0001 (0.0001) 0.0000 (0.0000)

pop −0.0085 (0.0158) −0.0031 (0.0066)

City Yes Yes

Time Yes Yes

Kleibergen-Paap rk wald F 427.556

Kleibergen-Paap rk LM 169.525***

Obs 4420 4420

R2 0.948 0.102

TABLE 4 Benchmark regression results.

Variable (1)
ERS

(2)
ERS

(3)
State_resilience

(4)
Stress_resilience

(5)
Response_resilience

DID 0.0126***
(0.0010)

0.0045***
(0.0010)

0.0041***
(0.0010)

−0.0010***
(0.0001)

0.0003
(0.0002)

eco 0.0226
(0.0518)

0.0291
(0.0513)

0.0071
(0.0066)

0.0572
(0.0551)

ind 0.0032**
(0.0013)

0.0016
(0.0012)

0.0004***
(0.0001)

0.0014***
(0.0001)

urb 0.0977**
(0.0082)

0.0836***
(0.0080)

0.0018***
(0.0001)

0.0123***
(0.0008)

open 0.0002
(0.0004)

0.0002
(0.0003)

0.0003
(0.0004)

−0.0004
(0.0010)

pop −0.0005
(0.0021)

−0.0011
(0.0021)

−0.0246***
(0.0002)

0.0006***
(0.0002)

Constant 0.0897***
(0.0005)

0.0368**
(0.0147)

0.0158
(0.0147)

0.0073***
(0.0001)

0.0137***
(0.0013)

City Yes Yes Yes Yes Yes

Time Yes Yes Yes Yes Yes

Obs 4680 4680 4680 4680 4680

R2 0.9355 0.9414 0.9425 0.7844 0.6404

Note: Cluster-Robust standard error in parentheses. ***, **, and * are significant at the level 1%, 5%, and 10%, respectively, following tables are the same.
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approaches zero and adheres to a normal distribution pattern. The
predominant p-values are above 0.1, indicating that unmeasured
variables likely do not have a significant impact on the ERS
enhancements resulting from LCC policies, thus reinforcing the
reliability of the findings.

4.4.3 Excluding interference from other policies
In areas facing considerable ecological decline, the incorporation

of various environmental policies greatly improves ERS efforts.
From 2005 to 2022, China implemented a range of policies
focused on environmental conservation, such as the ecological
civilization demonstration zones pilot policy introduced in
2013 and the new energy demonstration cities policy launched in
2014. To mitigate the potential confounding effects of these policies
throughout the study duration, dummy variables were designated a
value of 1 for the years in which these policies were enacted and the
following years, while being assigned a value of 0 for all other years.
The baseline regression model was enhanced by the inclusion of
these dummy variables, with the results presented in Table 6.
Policy1 pertains to the pilot initiative for ecological civilization
demonstration zones, whereas Policy2 relates to the policy for
new energy demonstration cities. The findings presented in
Table 6 indicate that, upon controlling for these two policies, the
DID coefficient continues to exhibit a significantly positive value.
This suggests that the influence of other policies does not notably
disrupt the efficacy of LCC policies. This validates the consistency of
the benchmark regression findings.

4.4.4 PSM-DID
PSM-DID serves as a robust approach to address selection bias

through the creation of propensity score matching between
the treatment and control groups, thereby forming a novel
treatment group. Control variables were utilized as matching

features, and a 1:1 nearest neighbor matching technique was
applied for the regression analysis. The findings presented in
column (1) of Table 7 indicate that the influence of low-carbon
city pilot policies on ERS continues to exhibit a significantly positive
effect, with both the magnitude of the coefficient and its significance
aligning with the benchmark regression outcomes. This validates the
results obtained from the benchmark regression analysis.

4.4.5 Time sensitivity test
Specific implementation plans for low-carbon pilot cities are

typically developed after policy approval, with a preparation period
for implementation. Before actual policy implementation, local
governments may adjust behavior under the guise of piloting,
leading to potential confusion between nominal and actual policy
effects. To achieve a more precise evaluation of the actual effects of
the policy, data from the years of implementation (2012, 2010 and

FIGURE 6
Parallel trend test.

FIGURE 7
Placebo test.
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2017) were omitted for the purpose of re-regression analysis. The
findings presented in column (2) of Table 7 reveal that the estimated
coefficient for LCC pilot policies is both positive and significant at
the 1% level. This indicates that the observed impact on ERS is not
merely a consequence of short-term effects during the policy
implementation years, thereby reinforcing the robustness of
the results.

Due to the significant disturbances induced by the COVID-19
p and emic in 2020, which presumably impacted the efficiency of
ecological governance, the observations from that year were
omitted from the analysis. Therefore, this study excludes the
sample observations from 2020 and re-examines the remaining
samples. The results, shown in column (3) of Table 7, indicate that
the DID estimate and its significance have not changed
significantly, suggesting that the COVID-19 p and emic did
not have a substantial impact on the effectiveness of LCC pilot
policies in enhancing ERS. This underscores the dependability of
the results concerning the efficacy of LCC construction in
improving ERS.

4.5 Mechanism test

The benchmark regression results above confirm the effectiveness
of LCC construction in enhancing ERS, but further exploration is
needed to identify the transmission mechanisms.

From a production perspective, the excessive pursuit of
economic gains through environmentally detrimental practices

significantly contributes to ecological degradation. The
government-led construction of LCCs imposes constraints on
environmentally harmful practices, encouraging companies to
upgrade their industrial structures and adopt cleaner, greener
methods. Industrial structure upgrading was used as a mediating
variable to test whether this pathway holds true. The results in
columns (1) and (2) of Table 8 show a significantly positive DID
coefficient, indicating that LCC construction is positively correlated
with industrial structure upgrading. The results in column (2)
further demonstrate that both the DID coefficient and the
industrial structure upgrading coefficient are positive and
statistically significant at the 5% level, indicating that LCC
construction enhances ERS by promoting industrial structure
upgrading, thus confirming Hypothesis 2.

LCC construction provides a cleaner living environment,
motivating individuals to actively engage in environmental
protection efforts aimed at maintaining a healthy ecological
environment. Among these efforts, energy consumption plays
a crucial role in daily life, as it directly reflects energy use
intensity, which in turn reflects the negative impacts on the
ecological environment. In this study, ECI is used as a
mediating variable to test whether it acts as a “bridge” in the
relationship between LCC construction and ERS. The results in
columns (3) and (4) of Table 8 show that LCC construction has a
significantly negative effect on ECI, suggesting that LCC
construction helps to reduce ECI. The results in column (4)
show that the DID estimate is positive and the coefficient for ECI
is negative, with both passing the 1% significance test, meaning
that LCC construction enhances ERS by reducing ECI,
confirming Hypothesis 3.

While LCC policies are predominantly influenced by
governmental directives, profit-driven enterprises frequently
engage in unlawful pollutant discharges during their
execution. ERG serves as a vital mechanism in curbing such
behaviors, acting as an external influence. To clarify the role of
ERG, this section introduces an interaction term between LCC
policies and ERG into the baseline regression model. The results
in column (5) of Table 8 show that the interaction term has a
positive coefficient and is statistically significant at the 10% level,
indicating that ERG positively moderates the relationship
between LCC construction and ERS, thereby strengthening the
impact of LCC construction on ERS, confirming Hypothesis 4.
The mechanism analysis results partially align with the findings
of K. Chen et al., further validating the positive role of industrial
structure upgrading and environmental regulation in urban
pollution reduction, carbon mitigation, and other ecological
effects (Chen et al., 2022). These findings provide valuable
references for governments when formulating environmental
and industrial policies.

5 Heterogeneity test

5.1 Heterogeneity of urban locations

Variations in economic foundations, industrial structures,
resource endowments, and policy interventions among
different regions can lead to differing effectiveness of LCC

TABLE 6 Excludes interference from other policies.

Variable (1) (2) (3)

Did 0.0037***
(0.0011)

0.0045***
(0.0010)

0.0037***
(0.0011)

Policy1 0.0074***
(0.0020)

0.0075***
(0.0021)

Policy2 0.0009
(0.0027)

−0.0003
(0.0028)

eco 0.0843
(0.0536)

0.0241
(0.0519)

0.0792
(0.0537)

ind 0.0022
(0.0014)

0.0031**
(0.0012)

0.0022
(0.0013)

urb 0.0821***
(0.0078)

0.0970***
(0.0090)

0.0823***
(0.0085)

open 0.0352***
(0.0002)

0.0221
(0.0208)

0.0351
(0.0199)

pop −0.0007
(0.0021)

−0.0005
(0.0021)

−0.0007
(0.0021)

Constant 0.0460***
(0.0130)

0.0373***
(0.0146)

0.0459***
(0.0130)

City Yes Yes Yes

Time Yes Yes Yes

Obs 4680 4680 4680

R2 0.9423 0.9414 0.9423
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pilot policies and their subsequent influence on ERS. A regression
analysis was performed on sub-samples from eastern, central,
and western China to investigate the impacts of LCC
construction on ERS in these areas. The Fisher combination
test, utilizing a 500-sample Bootstrap method, was employed
to evaluate the disparities in coefficients across different groups.
The findings presented in Table 9 indicate that the differences in
coefficients among regions are statistically significant at the 1%
level, suggesting that the influence of LCC construction on ERS
exhibits considerable variation across different regions. The
estimated coefficients for LCC pilot policies across all three
regions were positive, indicating that LCC construction plays a
role in enhancing ERS. However, further examination indicated
that the DID coefficients for the eastern and western regions were
statistically significant, with the western region showing
relatively larger DID values. The DID coefficient for the
central region did not reach significance, indicating that the
construction of LCC had a notable positive impact on ERS in
both the eastern and western regions, while the central region did
not exhibit such an effect. This phenomenon can be linked to the
central region’s diminished capacity for scientific and
technological innovation. According to the China Statistical
Yearbook on Science and Technology 2023 and the China
Industrial Economic Development Report 2021, in 2022, the

R&D expenditure intensity in China’s central region reached
only 1.6%, below the national average. Meanwhile, the region has
disproportionately absorbed the “three-high” industries (high-
energy-consumption, high-pollution, high-emission) from
eastern coastal areas. From 2015 to 2020, the output value
share of energy-intensive industries in the region exceeded the
national average by 6.2 percentage points, with traditional high-
energy-consumption sectors such as cement and steel witnessing
an average annual growth rate of 12.5% in transferred production
capacity. This reliance leads to conflicts over resources and the
environment, which obstruct the development of LCCs and
diminish their impact on ERS.

5.2 Heterogeneity of resource
characteristics

In cities rich in natural resources, excessive dependence on
these resources for economic growth leads to ecological
degradation, creating long-term challenges such as the “carbon
curse” and “resource curse” (Peng et al., 2025; Zhou et al., 2022).
In the framework of the “dual carbon” objective, it is crucial to
analyze the impact of LCC construction on ERS in urban
environments with diverse resource attributes. A comparative

TABLE 7 PSM-DID and time sensitivity test.

Test for time sensitivity

Variable (1)
PSM-
DID

(2)
Exclude samples from the year of policy
implementation

(3)
Exclude the impact of the COVID-19 p and
emic

Did 0.0045*** 0.0044*** 0.0045***

(0.0019) (0.0011) (0.0011)

eco 0.0030 0.0406*** 0.0604***

(0.0010) (0.0006) (0.0479)

ind 0.0061*** 0.0017 0.0036***

(0.0013) (0.0014) (0.0014)

urb 0.0834 *** 0.1007*** 0.0994***

(0.0100) (0.0100) (0.0087)

open 0.0027*** 0.0287 0.0136

(0.0002) (0.0281) (0.0208)

pop 0.0211 −0.0029 −0.0004

(0.0232) (0.0065) (0.0020)

Constant −0.0556 0.0524 0.0346**

(0.1376) (0.0425) (0.0137)

City Yes Yes Yes

Time Yes Yes Yes

Obs 2072 3900 4420

R2 0.9493 0.9532 0.9393
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analysis was performed between cities classified as resource-
based and those identified as non-resource-based, utilizing the
framework established by the “National Sustainable
Development Plan for Resource-Based Cities (2013–2020)”
released by the State Council of China in 2013. The findings
presented in columns (1) and (2) of Table 10 demonstrate that the
Fisher combination test, utilizing 500 sampling iterations,
produces a significant p-value at the 1% level. This suggests a
notable difference in the impact of LCC construction on ERS
between resource-based and non-resource-based cities.
Specifically, LCC policies have a beneficial impact on ERS in
both categories of cities, yet the estimated DID coefficient is
markedly greater in resource-based cities. These findings are
inherently consistent with existing research on ecological
resilience in resource-based cities (Peng et al., 2025). The
underlying rationale may be that resource-based cities tend to
concentrate numerous energy-intensive, high-emission, and
polluting industries to enhance resource extraction and
utilization efficiency. This industrial clustering gradually

pushes urban ecological carrying capacity toward its threshold
while continuously intensifying environmental pressures. LCC
policies emphasize sustainable resource utilization and
environmental protection. They facilitate widespread adoption
of decarbonization through low-carbon technologies while
improving energy structures and carbon efficiency to promote
ecosystem recovery (Zeng et al., 2023). Through
multidimensional reforms, low-carbon pilot initiatives have
increased investments in clean energy, green technologies, and
sustainable industries. Simultaneously, they have progressively
phased out outdated and highly polluting production capacities,
fostering coordinated industrial development. These measures
collectively enhance the overall ecological resilience of resource-
dependent cities (Li et al., 2024).

This indicates that the enhancement effect of LCC policies on
ERS is particularly significant in resource-based cities, which
experience elevated energy consumption, emissions, and pollution
that strain their ecological carrying capacity, resulting in heightened
ecological stress. In these scenarios, the application of LCC policies

TABLE 8 Mechanism test results.

Variable (1)
Indup

(2)
Eco_resilience

(3) ECI (4)
Eco_resilience

(5)
Eco_resilience

Did 0.0371*** 0.0039*** −0.0924*** 0.0040*** 0.0077***

(0.0035) (0.0010) (0.0237) (0.0010) (0.0020)

Indup 0.0178** (0.0074)

ECI −0.0062*** (0.0012)

env 0.1652

(0.2231)

DID*env 0.8623*

(0.4922)

eco 0.0492** 0.0139 −0.0236 0.0212 0.0226

(0.0216) (0.0491) (0.0381) (0.0556) (0.0516)

ind 0.1209*** 0.0010 −0.0573* 0.0028** 0.0031**

(0.0062) (0.0011) (0.0307) (0.0013) (0.0013)

urb 0.3564*** 0.0914*** −1.1220 0.0908*** 0.0973***

(0.0265) (0.0097) (0.1592) (0.0082) (0.0083)

open 0.0001 0.0192 −0.0006 0.0183 0.0211

(0.0001) (0.0191) (0.0023) (0.0239) (0.0205)

pop 0.0097 −0.0007 −0.0830* −0.0010 −0.0047**

(0.0059) (0.0022) (0.0452) (0.0021) (0.0021)

Constant 1.9063*** 0.0028 2.0012*** 0.0492*** 0.0364**

(0.0394) (0.0145) (0.3000) (0.1367) (0.0147)

City Yes Yes Yes Yes Yes

Time Yes Yes Yes Yes Yes

Obs 4680 4680 4680 4680 4680

R2 0.9121 0.9355 0.6632 0.9418 0.9415
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exerts a direct and considerable influence on ERS, leading to notable
enhancements in the urban ecological environment.

5.3 Heterogeneity of urban size

Cities of different sizes demonstrate significant variations in
resource aggregation, industrial absorption, policy response, and
infrastructure development, all of which influence the
effectiveness of LCC policies in promoting ERS. The “Notice
on Adjusting the Urban Size Classification St and ards” released
by the State Council of China in 2014 delineates that urban areas
with populations exceeding 1 million are categorized as large
cities, whereas those with populations below this threshold are
identified as small and medium-sized cities. Regression tests were
conducted on two sub-samples, with the findings displayed in
columns (3) and (4) of Table 10. The inter-group coefficient
difference, evaluated through the Fisher combination test with
500 sample iterations, indicates a notable distinction between the
two groups. Moreover, the policies implemented by LCC pilots
demonstrate a notable positive impact on emergency response
in both large urban areas and smaller to medium-sized
municipalities. Nonetheless, an analysis of the DID coefficients

indicates that LCC policies exert a markedly more pronounced
influence on ERS in urban areas of considerable size. This
suggests that larger urban areas, equipped with enhanced
resources and stronger policy backing, are more adept at
harnessing the advantages of LCC construction, resulting in
more pronounced enhancements in ERS relative to smaller
urban centers.

6 Conclusion and policy
recommendations

The ERS functions as a crucial “protective barrier” that
ecosystems depend on to endure external shocks. China is
presently undergoing a pivotal stage in the development of its
ecological civilization, striving to create a “beautiful China” while
pursuing national rejuvenation. Enhancing urban ecosystems has
emerged as a pivotal goal in this contemporary phase of ecological
advancement. In the quest for achieving the “dual carbon” objective,
the advancement of low-carbon technologies offers a substantial
opportunity to enhance low-carbon sectors, refine energy
frameworks, and elevate environmental st and ards. Nevertheless,
the degree to which LCC construction can significantly improve
overall urban ecosystem resilience necessitates additional research.
This research utilizes a DID model to investigate the effects,
underlying mechanisms, and variability of LCC construction on
ERS, considering LCC pilot policies as a quasi-natural experiment.
The examination centers on 260 prefecture-level cities in China over
the period from 2005 to 2022. The findings suggest that LCC
construction plays a crucial role in augmenting urban ecosystem
resilience, and this assertion holds strong even after tackling
endogeneity issues and conducting various robustness
assessments. The analysis of mechanisms indicates that the
construction of LCC plays a significant role in enhancing
environmental resilience by facilitating industrial restructuring,
lowering ECI, and leveraging robust ERGs that support
environmental resilience in low-carbon urban areas. The analysis
of heterogeneity uncovers notable differences in the impacts of LCC
construction on ERS among various cities, influenced by factors
such as geographical location, resource attributes, and urban scale.
Specifically, the policies implemented by LCC pilots exhibit a more
significant influence on ERS in urban areas situated in eastern and
western China, as well as in resource-dependent cities and larger
metropolitan regions. The fundamental reason why LCC policies
significantly enhance ERS lies in China’s distinctive policy pilot
program model. Through the two-way interaction between central
environmental inspections and local innovations, a unique
“pressure-response” mechanism has been formed. The gradual
replacement of high-energy-consumption and high-pollution
industries with emerging industries has effectively provided cities
with a healthier “hematopoietic system.” Meanwhile, the increased
proportion of clean energy is equivalent to installing a more efficient
“cardiopulmonary function” for cities. The enabling role of
environmental regulations has strengthened the “immune
system” of urban ecology, forcing enterprises to pursue green
transformation by increasing the cost of environmental
violations. Notably, the variability in policy effectiveness reflects
the uneven regional development in China and provides valuable

TABLE 9 Heterogeneity results of urban locations.

Variable (1)
East

(2)
Central

(3)
West

DID 0.0063*** 0.0012 0.0076**

(0.0015) (0.0009) (0.0031)

eco −0.0958 −0.0025*** −0.0043***

(0.0607) (0.0007) (0.0012)

ind 0.0054 0.0080*** 0.0065***

(0.0046) (0.0010) (0.0021)

urb 0.0814*** 0.0989*** 0.1240***

(0.0213) (0.0105) (0.0154)

open −0.0271 0.0643*** −0.0004

(0.0194) (0.0019) (0.0032)

pop 0.0031 0.0173* −0.1229***

(0.0025) (0.0100) (0.0363)

Constant 0.0231 0.0611 0.7544***

(0.0248) (0.0592) (0.2032)

City Yes Yes Yes

Time Yes Yes Yes

Obs 1620 1638 1422

R2 0.9287 0.9590 0.9622

East-Central Fisher’s Combination Test 0.005***

Central-West Fisher’s Combination Test 0.007***

East-West Fisher’s Combination Test 0.001***
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references for tailoring differentiated policy solutions to
different cities.

In light of these observations, this study proposes the following
policy recommendations for China and other countries respectively.

For China, it is firstly to broaden the scope of LCC pilot projects
while simultaneously improving the quality of construction. In the
realm of regional coordinated development, it is essential to expedite
the transition from pilot programs to large-scale implementation.
This will promote the development of LCC clusters, establish a
network for LCC advancement, and enable the complete realization
of the potential of LCCs in enhancing urban environmental
resilience. Second, it is essential to modify the industrial
framework to facilitate the ecological transition of various sectors.
Enhancing and refining industrial frameworks is essential for
improving urban emergency response. In the course of executing
LCC pilots, urban areas ought to focus on reorganizing their
industrial frameworks, substituting conventional production
techniques with advanced digital and intelligent technologies,
promoting the adoption of clean energy sources, improving
energy efficiency, and transitioning towards more sustainable and
digitally-oriented industrial paradigms. This will contribute to the
decrease of emissions of pollutants including carbon dioxide and
sulfur dioxide. Third, it is essential to fortify governmental ERGs to
promote greater external empowerment. Local governments should

assume a pivotal role in fostering ecological and environmental
protection through the provision of policy guidance and
intervention. They need to actively promote green and low-
carbon lifestyles while implementing a range of incentives
designed to stimulate both public and corporate engagement in
low-carbon development initiatives. Moreover, it is essential for
regulatory bodies to enhance their scrutiny of companies that exhibit
high energy consumption and significant pollution levels. Stricter
penalties for unlawful emissions should be enforced, and businesses
must be m and ated to implement more sustainable production
methods and energy frameworks. Fourth, the construction of LCC
should be adapted to the unique environmental and contextual
factors present in each urban area. The influence of LCC
construction on ERS exhibits variability among cities, attributable
to differences in resource availability, geographic positioning, and
urban scale. Consequently, the advancement of LCC should be
encouraged in a flexible manner, with strategies customized to
the distinct traits of each urban environment. Adapting strategies
to local conditions is crucial, utilizing the beneficial impacts of LCC
construction to improve ERS across various regions.

For other countries, they should selectively draw on China’s
advanced experience in low-carbon city initiatives based on their
national conditions to enhance global ecological resilience.
Developing countries may focus on China’s integrated

TABLE 10 Heterogeneity results of resource characteristics and urban size.

Variable Resource-based City City Size

(1)
Yes

(2)
No

(3)
Big

(4)
Small and medium

DID 0.0051*** 0.0032*** 0.1423*** 0.0042***

(0.0010) (0.0012) (0.0276) (0.0010)

eco 0.0606 −0.0015 −0.0065 0.0882

(0.0423) (0.2324) (0.0293) (0.0059)

ind −0.0015 0.0061 0.0027 0.0033***

(0.0012) (0.0019) (0.0193) (0.0009)

urb 0.1052*** 0.0878 0.1282 0.0961***

(0.0111) (0.0108) (0.1038) (0.0071)

open 0.0288 −0.0672 −0.0047** 0.0395**

(0.0175) (0.0276) (0.0021) (0.0197)

pop −0.0019 0.0281 0.3237 −0.0035

(0.0015) (0.3743) (0.2237) (0.0025)

Constant 0.0432*** −0.1048 −1.7739 0.0543***

(0.0110) (0.2123) (1.3767) (0.0156)

City Yes Yes Yes Yes

Time Yes Yes Yes Yes

Obs 1818 2862 306 4374

R2 0.9596 0.9380 0.9199 0.9552

Fisher’s Combination Test 0.008*** 0.038***
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technological and policy innovations in areas such as large-scale
renewable energy adoption and transit-oriented development, while
developed economies could learn from China’s practices in
leveraging digital technologies for environmental governance.
Additionally, South-South cooperation and climate aid
mechanisms should be utilized to combine China’s experience
with localized innovations, thereby systematically strengthening
global ecological resilience.

While this study employs quantitative analysis to preliminarily
validate the impact of low-carbon city development on urban ecological
resilience, several limitations should be acknowledged. First, as China’s
low-carbon city initiative was implemented through a batch-by-batch
pilot approach, this study has not accounted for the potential spatial
spillover effects from early-adopted pilot cities on their neighboring
areas. Second, although robustness checks were conducted to control
for interference from concurrent policies to examine the net effect of
this single policy, the synergistic effects of multiple policy combinations
on urban ecological resilience remain an important area for future
research. Third, this study primarily focuses on ecological resilience at
China’s city level, lacking comparative research on low-carbon
development and ecological resilience across countries globally - a
critical direction for future breakthroughs.
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