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Abstract

Using panel data from 282 prefecture-level and above cities in China, this study employs a
difference-in-differences (DID) model to examine the impact of the National Sustainable
Development Plan for Resource-Based Cities on carbon emission efficiency, as well as its
underlying mechanisms and heterogeneous effects. The results indicate that the imple-
mentation of the Plan significantly improves carbon emission efficiency. This conclusion
remains robust after a series of robustness tests, including the propensity score matching
difference-in-differences (PSM-DID) approach. Mechanism analysis further reveals that
technological innovation, industrial upgrading, and reductions in energy consumption con-
stitute the primary channels through which the Plan enhances carbon emission efficiency.
In addition, economic growth pressure and the degree of marketization exert negative
and positive moderating effects, respectively, on the relationship between the Plan and
carbon emission efficiency. Heterogeneity analysis shows that the positive effect of the
Plan is significant only in resource-based cities located in eastern China, southern China, or
southeast of the Hu Huanyong Line. In terms of city size, the positive effect is observed
only in medium-sized cities and Type II large cities.

Keywords: resource-based cities; Sustainable Development Plan; carbon emission efficiency;
difference-in-differences model

1. Introduction
At present, China faces dual pressures: maintaining steady economic growth and

achieving carbon reduction targets. Whether the country can simultaneously sustain
growth and continue reducing carbon emissions largely depends on improvements in
carbon emission efficiency. Enhancing the carbon emission efficiency of resource-based
cities is a crucial step for China to fulfill its dual-carbon commitments and pursue high-
quality development. Resource-based cities, which account for approximately 40% of all
Chinese cities, have long faced challenges such as industrial distortion, resource depletion,
and environmental degradation.

In response, the State Council issued the National Sustainable Development Plan
for Resource-Based Cities (hereafter referred to as the Plan) in 2013. The Plan aims to
guide policy-making and planning in resource-based cities nationwide, exploring a path
for sustainable urban development with Chinese characteristics. The policy has been
in effect for over eight years and has attracted considerable attention in the academic
community. However, despite being a guiding framework for sustainable development
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across resource-based cities, the Plan’s impact on carbon emission efficiency has not yet been
systematically studied.

This raises an urgent question: has the implementation of the Plan improved carbon
emission efficiency in resource-based cities? What mechanisms drive this effect, and how
do these effects vary across different contexts? Addressing these questions is critical not
only for shaping the future policy direction of resource-based cities but also for defin-
ing concrete pathways toward China’s dual-carbon goals. To explore these issues, this
study uses panel data from 282 prefecture-level and above cities in China and employs a
difference-in-differences (DID) model to analyze the impact of the Plan on carbon emission
efficiency in depth.

The literature closely related to this study can be grouped into two strands. First,
studies on green and low-carbon development in resource-based cities have mainly focused
on the transformation of resource-dependent economies, regional industrial upgrading,
environmental regulation, and improvements in carbon emission efficiency. Existing stud-
ies suggest that resource dependence can easily create path lock-in toward high-carbon
development [1]. By contrast, industrial upgrading and green technological innovation
provide important pathways for breaking this lock-in and driving the green transforma-
tion of resource-based regions [2]. Meanwhile, environmental regulation instruments,
such as carbon emissions trading, pollutant discharge fees, and administrative penalties
for environmental protection, can effectively improve carbon emission efficiency [3,4].
In addition, just transition theory emphasizes that green transformation should account
for economic efficiency, environmental performance, and social equity [5–7]. This per-
spective offers a new theoretical lens for the sustainable development of resource-based
regions. Second, regarding the policy effects of the Plan for Resource-Based Cities, ex-
isting studies suggest that the Plan has significantly promoted the green transformation
of resource-based cities. However, its effect on the sustainable use of resources has not
yet fully emerged [8,9]. Further evidence shows that the implementation of the Plan
can effectively promote the evolution of industrial structure toward a more advanced
form [10]. However, it may also exert a certain inhibitory effect on GDP growth [11]. At
the same time, the Plan can significantly reduce carbon emissions [12–14] and pollutant
emissions [15–17], thereby achieving coordinated governance of pollution reduction and
carbon mitigation.

Overall, the existing literature provides an important foundation for understanding
how the Plan affects carbon emission efficiency. However, several areas remain open for
further investigation. First, existing studies on the environmental effects of the Plan have
mainly focused on total emissions. Insufficient attention has been paid to carbon emission
efficiency, which accounts for both economic output and environmental performance. It
should be noted that total carbon emissions reflect the absolute scale of emissions. Carbon
emission intensity measures the level of emissions per unit of output. Carbon emission
efficiency, by contrast, comprehensively captures the relationship among inputs, outputs,
and carbon emissions. Therefore, it better reflects the synergy between economic growth
and carbon reduction. Second, existing research on green and low-carbon transformation
has mostly focused on identifying policy outcomes. The pathway through which the
Plan produces its effects remains insufficiently examined. Third, previous studies on
industrial structure adjustment have mainly examined how the Plan affects changes in the
shares of secondary and tertiary industries. Few studies have further explored whether
industrial upgrading can be translated into improvements in carbon emission efficiency. It
also remains unclear whether this policy effect differs across institutional environments
and city types.
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Based on these gaps, this study makes the following marginal contributions. First,
in terms of research perspective, this study differs from prior literature that mainly ex-
amines the impact of the Plan on total emissions. It takes carbon emission efficiency
as the core object of analysis and emphasizes the synergy between economic growth
and carbon reduction. In doing so, it expands the research scope of environmental
effect assessments of sustainable development policies for resource-based cities. Sec-
ond, in terms of mechanism identification, this study differs from existing research
that focuses on industrial structure adjustment or carbon reduction outcomes. It re-
veals the internal mechanisms through which the Plan improves carbon emission effi-
ciency from three dimensions: technological innovation, industrial upgrading, and en-
ergy reduction. This further deepens the understanding of the green and low-carbon
transformation process in resource-based cities. Third, in terms of boundary conditions,
this study incorporates economic growth pressure and the degree of marketization into
the analytical framework. It examines the moderating roles of government target con-
straints and market mechanisms in shaping policy effects. It also identifies differences
in policy effects across city locations and city sizes. These analyses provide empirical
evidence for resource-based cities to improve carbon emission efficiency and promote
sustainable development.

2. Theoretical Analysis and Research Hypotheses
2.1. Direct Impact of the Plan on Carbon Emission Efficiency

Based on the Plan’s fundamental principles, implementation goals, and development
mechanisms, this study posits that its implementation can effectively mitigate the ten-
sion between economic growth and carbon reduction, thereby positively affecting carbon
emission efficiency. This effect mainly arises from two channels: policy constraints and
policy guidance.

First, regarding policy constraints, the Plan emphasizes environmental governance
and ecological protection and sets quantitative targets for energy consumption reduc-
tion and major pollutant abatement, thereby strengthening regional environmental reg-
ulations. Existing studies provide two contrasting views on the impact of environmen-
tal regulation on carbon emission efficiency, based on the “innovation compensation”
and “compliance cost” theories. The former suggests that environmental regulations
stimulate corporate innovation, promoting clean energy and environmental technolo-
gies, which improves resource utilization and economic performance, thereby enhanc-
ing carbon emission efficiency. The latter argues that increased compliance costs may
offset these benefits, inhibiting efficiency [4]. In practice, firms under strict environ-
mental regulation often respond to the dual pressure of emission reduction and cost
control by pursuing technological innovation to enhance competitiveness. This process
can improve industry-wide productivity and carbon emission efficiency [18]. Moreover,
as the conflict between economic development and environmental protection intensi-
fies and environmental performance gains prominence in officials’ performance evalua-
tions, the dominant effect of environmental regulation in China has been the “innovation
compensation” effect [12].

Second, regarding policy guidance, the Plan calls for major industrial projects to
favor resource-based cities, establishes mechanisms for stable fiscal growth, and directs
production factors toward alternative industries. These measures provide effective policy
guidance for improving carbon emission efficiency. Under the Plan, existing resource
endowments and infrastructure support the development of high-tech and alternative
industries. The emergence and growth of these industries enhance knowledge spillovers
and scale economies, accelerate the decoupling of carbon emissions from economic growth,
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and reduce dependence on natural resources, mitigating their negative impact on carbon
emission efficiency [19]. In addition, active government support reduces the risks of
corporate innovation and investment, encouraging environmentally friendly practices that
improve economic performance, further promoting carbon emission efficiency. Overall,
the Plan achieves a dual win for economic growth and carbon reduction through effective
policy constraints and guidance.

H1. The implementation of the Plan improves carbon emission efficiency in resource-based cities.

2.2. Mechanisms Through Which the Plan Influences Carbon Emission Efficiency

The Plan may affect carbon emission efficiency through three intrinsic mechanisms:
technological innovation, industrial upgrading, and reductions in energy consumption.

First, the technological innovation effect. The Plan seeks to drive sustainable develop-
ment through technological progress and management innovation. By enhancing talent
development, innovation platforms, and fiscal support, it creates a favorable environment
for innovation. Under the Plan, both traditional resource extraction and clean technologies
benefit from high-quality incubation, which supports the transformation of production
processes and energy-saving, low-carbon practices. Advances in these technologies not
only reduce carbon emissions by replacing outdated methods but also increase productivity
and economic gains, thereby enhancing carbon emission efficiency [20,21].

Second, the industrial upgrading effect. Economic restructuring focuses on optimizing
industrial composition. Accordingly, the Plan promotes deep processing of resource-based
industries, cultivates alternative industries, and develops specialized services. These
strategies guide the upgrading of traditional industries and stimulate the growth of clean
industrial and service sectors, leading to a more diversified economic structure. Industrial
upgrading facilitates a win-win between carbon reduction and economic growth, providing
a fundamental basis for improving carbon emission efficiency [21].

Third, the energy reduction effect. The Plan prioritizes energy conservation and
emission reduction. Measures such as restraining high-energy-consumption industries,
scaling up energy-efficient products, and promoting low-carbon technologies enhance the
efficient use of materials and energy. Reducing energy intensity is a primary driver of
emission mitigation and an important pathway to improving carbon emission efficiency
while promoting sustainable economic and social development [22].

H2. The Plan improves carbon emission efficiency through technological innovation, industrial
upgrading, and energy reduction effects.

2.3. Moderating Effects of Economic Growth Pressure and Marketization

Sustainable development in resource-based cities requires coordinated roles of govern-
ment and market mechanisms. On the government side, setting economic growth targets
serves as a leading tool but also introduces growth pressures.

First, when market conditions cannot meet expected goals, governments may increase
resource extraction, the share of secondary industries, and fixed asset investment to boost
short-term output [23,24]. Second, such interventions can distort fiscal allocations and
crowd out investments in innovation and environmental governance [25]. Third, higher
growth targets may weaken environmental regulations to attract high-pollution indus-
tries [26]. In resource-based cities with weak economic bases and single-industry structures,
these actions may achieve limited growth but substantially increase carbon emissions. Thus,
economic growth pressure can reduce the effectiveness of government guidance, weaken
the Plan’s impact on technological innovation and industrial upgrading, and diminish its
positive effect on carbon emission efficiency.
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On the market side, higher marketization can enhance the Plan’s effect on carbon
emission efficiency. Many resource-based cities in China face state-owned enterprises
crowding out private and individual economic activity, limiting non-state sector growth.
Marketization helps break this rigidity, increasing private sector participation, promoting
competitive production services, and overcoming low-end industrial lock-in [26]. Addi-
tionally, it strengthens the survival-of-the-fittest mechanism, accelerates the exit of un-
productive firms, and promotes industrial upgrading. Under competitive market condi-
tions and the Plan’s low-carbon orientation, firms are motivated to innovate, optimize
resource allocation, and reduce costs, leading to more energy-saving technologies [27].
A robust market system also encourages investment from domestic and foreign actors,
creating jobs, improving living standards, and preventing polluting firms from enter-
ing [12]. Thus, higher marketization aligns with sustainability goals and reinforces the
Plan’s effects on industrial upgrading and energy reduction, further enhancing carbon
emission efficiency.

H3a. Economic growth pressure negatively moderates the effect of the Plan on carbon emission
efficiency.

H3b. Marketization positively moderates the effect of the Plan on carbon emission efficiency.

3. Empirical Strategy
3.1. Model Specification

This study treats the issuance of the Plan for Resource-Based Cities in November 2013
as a quasi-natural experiment and employs a DID model to evaluate its impact on carbon
emission efficiency. The baseline regression model is specified as follows:

ln Ceeit = α0 + α1didit + ∑ αkcontrolit + µi + λt + εit (1)

In Equation (1), i denotes the city and t denotes the year, while α0 represents the con-
stant term. Carbon emission efficiency (lnCeeit) is the dependent variable. The interaction
term between the implementation period of the Plan and the designation of resource-based
cities (didit) serves as the core explanatory variable. controlit represents a series of control
variables. µi and λt denote city-fixed effects and time-fixed effects, respectively, and εit is
the random error term.

In addition, the DID method requires the parallel trends assumption to hold. That
is, before policy implementation, the treatment and control groups should exhibit similar
trends in carbon emission efficiency. To test this assumption, this study follows the event-
study approach and constructs the following model:

ln Ceeit = φ0 + ∑k=6
k=−8 φkDk

it + ∑ ρcontrolit + µi + λt + εit (2)

In Equation (2), In the equation, Dk
it denotes a set of dummy variables. These variables

cover observations from eight years before a city was designated as a pilot city, the year
of designation, and six years after designation. For non-pilot cities, all dummy variables
are set to 0. The value of Dk

it is assigned as follows. Let n denote the implementation year
of the Plan, where (n = 2014). The study period covers 2006 to 2020. If t − n = k, Dk

it is
assigned a value of 1 for pilot cities and 0 otherwise. In addition, this study excludes the year
immediately before policy implementation as the benchmark year to avoid multicollinearity.
The parameter φk is the key parameter of interest in this section. It represents the difference
in carbon emission efficiency between the treatment and control groups in the kth year of
the Plan’s implementation.
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3.2. Variable Description
3.2.1. Dependent Variable

Carbon emission efficiency (lnCee). From the perspective of inputs and outputs,
this study measures carbon emission efficiency using the super-efficiency SBM model
in MATLAB (R2021a (MathWorks, Natick, MA, USA) under the assumption of constant
returns to scale. This model not only incorporates undesirable outputs and adjusts slack
variables, but also overcomes a limitation of the conventional SBM model. Specifically,
the conventional SBM model often produces many efficiency scores equal to 1. As a
result, the super-efficiency SBM model substantially improves both accuracy and practical
applicability [28]. The model is expressed as follows:

Minρ =
1
m

m
∑

i=1

xi
xi0

/[
1

S1 + S2

(
S1
∑

q=1

yw
q

yw
q0

+
S2
∑

q=1

yb
q

yb
q0

)]

s.t.


x ≥ ∑n

j=1,j ̸=k θjxj

yw ≤ ∑n
j=1,j ̸=k θjyw

j

yb ≥ ∑n
j=1,j ̸=k θjyb

j

x ≥ x0, 0 ≤ yw ≤ yw
0 , yb ≥ yb

0, θ ≥ 0

(3)

In Equation (3), ρ denotes the target efficiency score. A larger value indicates higher
efficiency for the decision-making unit. θ denotes the weight vector. xi0, yw

q0, and yb
q0

represent the input indicators, desirable output, and undesirable output, respectively.
xi, yw

q , and yb
q represent their corresponding slack variables. m, S1, S2, and n denote the

number of input indicators, desirable outputs, undesirable outputs, and decision-making
units, respectively. In this study, the input indicators used to measure carbon emission
efficiency include capital, labor, and energy. These are represented by fixed capital stock,
the number of employed persons, and energy consumption, respectively. The output
indicators include both desirable and undesirable outputs. Real regional GDP is used to
measure desirable output, while carbon emissions are used to measure undesirable output.
The specific indicators are reported in Table 1.

In addition, following previous research [29], carbon emissions are calculated compre-
hensively based on natural gas, liquefied petroleum gas, total electricity consumption, and
total heat supply, including steam and hot water. The formula is as follows:

CO2it = τGCit + υLCit + ψPCit + κ

(
ω

χ
HCit

)
(4)

In Equation (4), CO2it denotes the total carbon emissions of city i in period t.
GCit denotes natural gas consumption, and τ is the carbon emission conversion coeffi-
cient for natural gas, with a value of 2.1622 kg/m3. LCit denotes liquefied petroleum gas
consumption, and υ is the carbon emission conversion coefficient for liquefied petroleum
gas, with a value of 3.1013 kg/kg. PCit denotes total electricity consumption, and ψ is
the carbon emission conversion coefficient for electricity, with a value of 0.7119 t/MWh.
HCit denotes total heat supply. Since raw coal is the main fuel used for heat supply, the
amount of raw coal consumed for thermal energy can be used to indirectly calculate the
carbon emissions generated by heat supply. ω denotes the thermal efficiency value, which
is set at 70%. χ denotes the average low calorific value coefficient of raw coal, with a value
of 20,908 kJ/kg. κ denotes the carbon emission conversion coefficient for raw coal, with a
value of 1.9003 kg/kJ.
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Table 1. Input–Output Indicators and Definitions of Carbon Emission Efficiency.

Primary Indicator Secondary
Indicator

Tertiary
Indicator Definition

Carbon emission
efficiency

Input
indicators

Capital
input

Fixed capital stock, calculated using the perpetual
inventory method [30] and adjusted to constant 2006 prices

Labor
input

Total number of employed persons, including employees
in urban units and private and self-employed workers

Energy
input

Energy consumption, measured by converting natural gas,
liquefied petroleum gas, and annual electricity

consumption into standard coal equivalents [21]

Output
indicators

Desirable output Regional GDP, adjusted to constant 2006 prices

Undesirable output Carbon emissions, calculated based on direct and indirect
energy consumption following related studies [29]

3.2.2. Core Explanatory Variable

By treating the Plan as a quasi-natural experiment, this study uses the interaction term
between the implementation period and the designation of resource-based cities (did) as
the core explanatory variable. Since the Plan was issued in November 2013 and policy
implementation may exhibit lagged effects, the starting year is set as 2014. Specifically,
from 2014 onward, the policy variable (did) is assigned a value of 1 for all resource-based
cities and 0 otherwise.

3.2.3. Control Variables

To more accurately identify the impact of the Plan on carbon emission efficiency,
this study incorporates the following control variables based on prior literature [21,28]:
1⃝ Economic development level (Pgdp): measured by real GDP per capita, using 2006 as

the base year. 2⃝ Environmental regulation (Er): measured using a composite index of
urban pollutant emissions [31]. 3⃝ Urbanization level (Ur): measured by the ratio of urban
population to total population. 4⃝ Industrial structure (Ind): measured by the proportion
of secondary industry output in GDP. 5⃝ Foreign direct investment dependence (FDI):
measured by the ratio of actual utilized foreign direct investment to GDP. 6⃝ Population
density (Pop): measured by the ratio of resident population to administrative land area.
7⃝ Human capital (Hum): measured by the number of university students per 10,000 people.
8⃝ Infrastructure (Inf ): measured by per capita paved road area.

3.3. Data Description

This study uses panel data from 282 prefecture-level and above cities in China from
2006 to 2020 to examine the impact of the Plan on carbon emission efficiency. Based on
the 126 prefecture-level resource-based administrative regions identified in the Plan, this
study excludes two autonomous prefectures, eight prefectures, Bijie City, and Laiwu
City, which was abolished in 2019, due to severe data deficiencies. The remaining
114 resource-based cities constitute the treatment group, while the other 168 cities form the
control group.

It should be noted that using non-resource-based cities as the control group is fully
reasonable in this study. First, both types of cities operate within the same national macroe-
conomic and environmental governance context. They face similar economic development
trends, climatic conditions, and industry-level emission reduction regulations. Therefore,
external policy shocks are highly comparable, which helps satisfy the parallel trends as-
sumption required by the DID model. Second, resource-based cities have formed distinctive
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industrial structures, energy consumption patterns, and carbon emission characteristics
based on their resource endowments. Their policy implementation needs and emission
reduction potential differ substantially from those of non-resource-based cities. Therefore,
the group classification is clear and objective, and the differences between the two groups
are relatively distinct. Third, non-resource-based cities were not subject to the policy in-
tervention of the Plan. This satisfies the sample grouping principle that the treatment
group is exposed to the policy shock, whereas the control group is not. This design helps
effectively remove interference from confounding factors beyond the policy itself. It also
enables a more accurate identification of the net policy effect and ensures that the model
identification logic is rigorous and reliable.

The original data are obtained from official sources, including the China City Statis-
tical Yearbook, government work reports, statistical bulletins on national economic and
social development, and the EPS database. Missing values in the original dataset are
supplemented using the average growth rate method. In addition, to mitigate potential
heteroskedasticity, all continuous variables are logarithmically transformed in the empirical
analysis. Descriptive statistics of the main variables are reported in Table 2.

Table 2. Descriptive Statistics of Main Variables.

Variables
Full Sample (N = 4230) Treatment Group (N = 1710) Control Group (N = 2520)

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

did 0.189 0.391 0.467 0.499 0.000 0.000
lnCee −0.664 0.398 −0.686 0.381 −0.650 0.409

lnPgdp 10.304 0.700 10.211 0.699 10.367 0.695
lnEr −2.924 1.690 −2.180 1.436 −3.429 1.663
lnUr −0.696 0.316 −0.743 0.320 −0.664 0.309
lnInd −0.782 0.263 −0.744 0.282 −0.807 0.246
lnFDI 0.018 0.019 0.014 0.016 0.020 0.020
lnPop 5.726 0.968 5.348 0.922 5.982 0.913

lnHum 0.016 0.019 0.010 0.008 0.020 0.022
lnInf 1.098 0.822 0.993 0.866 1.170 0.783

4. Baseline Regression and Robustness Checks
4.1. Parallel Trend Test

A key assumption for the validity of the DID model is the parallel trend assumption.
This requires that, prior to the implementation of the Plan, carbon emission efficiency
in resource-based cities and non-resource-based cities followed similar trends. To this
end, following existing research [12], this study uses the year immediately before policy
implementation as the base period for the test.

The results in Table 3 show that, before policy implementation, the estimated coeffi-
cients of the relative-time dummy variables are all statistically insignificant. This indicates
that, prior to 2014, there were no systematic differences in carbon emission efficiency be-
tween the treatment and control groups, satisfying the parallel trend assumption. Two
years after the Plan’s implementation, the estimated coefficients turn positive and remain
significant, suggesting that the Plan substantially improves carbon emission efficiency in
resource-based cities. However, the effect exhibits a certain time lag.
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Table 3. Results of the Parallel Trends Test.

Variables lnCee Variables lnCee Variables lnCee

pre_8 −0.0149
(−0.43) pre_3 0.0218

(0.63) post_3 0.0872 ***
(2.51)

pre_7 0.0192
(0.55) pre_2 0.0572

(1.65) post_4 0.0711 **
(2.05)

pre_6 −0.0013
(−0.04) current 0.0379

(1.09) post_5 0.0711 **
(2.05)

pre_5 0.0190
(0.54) post_1 0.0344

(0.99) post_6 0.0691 **
(1.99)

pre_4 0.0309
(0.89) post_2 0.0774 **

(2.23)
Note: pre_ denotes the period before policy implementation, while post_ denotes the period after policy implemen-
tation. *** and ** indicate statistical significance at the 1% and 5% levels, respectively. The values in parentheses
are t-statistics calculated based on city-level clustered robust standard errors. The same applies below.

4.2. Baseline Regression

Table 4 presents the estimation results of the baseline regression models.
Columns (1), (2), and (3) report models with year-fixed effects, city-fixed effects, and
two-way fixed effects, respectively. The estimated coefficient of the core explanatory vari-
able (did) is consistently positive and statistically significant at the 1% level across all
specifications. This provides initial empirical support for Hypothesis H1, indicating that
the Plan effectively improves carbon emission efficiency. Using the results in Column (3)
as the baseline, the implementation of the Plan increases carbon emission efficiency in
resource-based cities by an average of 5.34% (=[exp(0.052) − 1)] × 100%) compared with
non-resource-based cities.

Table 4. Baseline Regression Results.

Variables (1) lnCee (2) lnCee (3) lnCee

did 0.052 ***
(4.17)

0.061 ***
(5.20)

0.052 ***
(4.14)

lnPgdp 0.271 ***
(9.35)

−0.011
(−0.65)

0.088 **
(1.98)

lnEr −0.014 ***
(−3.95)

−0.011 ***
(−3.09)

−0.011 ***
(−2.98)

lnUr −0.403 ***
(−11.77)

−0.464 ***
(−12.86)

−0.428 ***
(−11.77)

lnInd −0.222 ***
(−7.31)

0.024
(0.95)

−0.128 ***
(−3.88)

lnFDI −0.378
(−1.36)

−0.101
(−0.36)

−0.150
(−0.53)

lnPop −0.003
(−0.19)

−0.180 ***
(−3.82)

−0.116 **
(−2.16)

lnHum −1.444 **
(−2.18)

1.161
(1.40)

0.542
(0.66)

lnInf −0.047 ***
(−3.78)

−0.059 ***
(−4.55)

−0.043 ***
(−3.30)

_cons −3.675 ***
(−11.99)

0.178
(0.57)

−1.246 **
(−1.97)

City fixed effects No Yes Yes
Year fixed effects Yes No Yes

Sample size 4230 4230 4230
R2 0.167 0.146 0.172

Note: *** and ** denote statistical significance at the 1% and 5% levels, respectively. Values in parentheses
are t-statistics.
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4.3. Robustness Checks
4.3.1. PSM-DID Estimation

To mitigate the potential influence of sample selection bias on the baseline regression
results, this study conducts a robustness check using the PSM-DID method. Specifically,
the control variables in the baseline regression are selected as covariates. A Logit model
is then constructed to estimate propensity scores. Based on these scores, kernel matching
with a bandwidth of 0.05 is applied under the common support restriction. This procedure
matches each treated observation with control observations that have the most similar
characteristics. Before matching, the full sample contains 4230 observations. After matching,
228 observations that fail to satisfy the common support condition are excluded. The final
matched sample contains 4002 valid observations. The sample loss rate is only 5.39%,
which falls within a reasonable range.

The balance test results in Table 5 show that, after matching, the absolute values of the
standardized bias for all covariates decrease to below 10%. In addition, the t-test results
are statistically insignificant for all covariates. Figure 1, which presents the standardized
bias plot, visually shows the changes in covariate bias before and after matching. The
standardized bias of all variables clearly converges toward zero after matching. Figure 2,
which compares the kernel density distributions of propensity scores, further confirms the
matching quality. Before matching, the propensity score distributions of the treatment and
control groups already show some overlap. After matching, the degree of overlap between
the two groups increases markedly, indicating good matching quality. The model is then
re-estimated using the matched sample. As shown in Column (1) of Table 6, the coefficient
of the Plan remains highly significant at the 1% level after applying the PSM-DID method.
This result confirms that the baseline regression findings are robust.

Table 5. Balance Test for Propensity Score Matching.

Covariate
Mean

Standardized
Bias (%)

Reduction in
Standardized Bias

(%)

T-text

Treatment
Group

Control
Group t p

lnPgdp Before matching 10.553 10.246 47.7 11.35 0.000
After matching 10.553 10.564 −1.7 96.5 −0.34 0.735

lnEr
Before matching −2.260 −3.078 52.3 12.55 0.000
After matching −2.260 −2.286 1.7 96.8 0.33 0.742

lnUr
Before matching −0.632 −0.711 27.0 6.40 0.000
After matching −0.632 −0.642 3.6 86.6 0.74 0.457

lnInd
Before matching −0.837 −0.769 −25.1 −6.63 0.000
After matching −0.837 −0.820 −6.1 75.5 −1.09 0.276

lnFDI
Before matching 0.0138 0.019 −27.3 −6.67 0.000
After matching 0.0138 0.014 −0.1 99.8 −0.01 0.988

lnPop Before matching 5.348 5.814 −49.4 −12.45 0.000
After matching 5.348 5.380 −3.4 93.2 −0.58 0.561

lnHum
Before matching 0.0114 0.017 −36.5 −7.75 0.000
After matching 0.0114 0.011 0.1 99.8 0.03 0.980

lnInf Before matching 1.261 1.061 25.0 6.21 0.000
After matching 1.261 1.270 −1.2 95.4 −0.23 0.815
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Figure 1. Standardized Bias Before and After Matching.
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Figure 2. Propensity Score Distributions of the Treatment and Control Groups Before and After PSM.

Table 6. Robustness Checks Results (1–3).

Variable (1) PSM-DID (2) Winsorization (3) Remeasured Carbon
Emission Efficiency, 2006–2017

(4) Remeasured Carbon
Emission Efficiency, 2006–2020

did 0.059 ***
(4.56)

0.053 ***
(4.26)

0.046 ***
(3.60)

0.049 ***
(3.42)

_cons −1.020
(−1.55)

−1.565 ***
(−2.73)

−1.181 **
(−1.99)

−0.594
(−0.83)

Control variables Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes

Sample size 4002 4230 3666 4230
R2 0.175 0.176 0.137 0.204

Note: *** and ** denote statistical significance at the 1% and 5% levels, respectively. Values in parentheses
are t-statistics. Since the county-level carbon emission data released by CEADs are available only up to 2017,
Column (3) uses the original carbon emission data from 2006 to 2017 to remeasure carbon emission efficiency and
conduct the regression. Column (4) extrapolates the CEADs carbon emission data to 2018–2020 based on their
average growth rate. Carbon emission efficiency is then remeasured to retain the same time span as the baseline
regression. The results show no obvious differences in the magnitude or significance levels of the two sets of
regression coefficients.

https://doi.org/10.3390/su18136854

https://doi.org/10.3390/su18136854


Sustainability 2026, 18, 6854 12 of 22

4.3.2. Bilateral Winsorization of Variables

Given the large amount of data involved in this study, extreme values may affect the
estimation results. To address this issue, all major continuous variables are winsorized at
the 1% level on both tails. The corresponding regression results are reported in Column (3)
of Table 6. After excluding the influence of extreme observations, the Plan still significantly
promotes carbon emission efficiency in resource-based cities, indicating that the main
conclusions remain robust.

4.3.3. Remeasuring Carbon Emission Efficiency Using Alternative Carbon Emission Data

At present, no consensus has been reached regarding the measurement of carbon
emissions. In Table 1 and the baseline regression, this study follows existing research [29]
by calculating carbon emissions based on both direct carbon sources, such as natural gas
and liquefied petroleum gas, and indirect carbon sources, such as electricity consumption.
In addition to this approach, the China Emission Accounts and Datasets (CEADs) database
provides county-level carbon emission data for 2735 counties in China based on DMSP/OLS
and NPP/VIIRS nighttime light data. This dataset has been widely adopted in recent
studies [32,33]. Accordingly, this study aggregates county-level emissions to the city level
and replaces the original carbon emission data in Table 1 to recalculate carbon emission
efficiency. As shown in Column (3) and (4) of Table 6, the Plan continues to exhibit a
significantly positive effect on carbon emission efficiency in resource-based cities, further
supporting the robustness of the empirical findings.

4.3.4. Controlling for Other Policy Effects

To effectively identify and isolate the impact of the Plan, this study incorporates three
additional policy dummy variables into the baseline regression: the low-carbon pilot policy
(didLcp) [34], the carbon emission trading pilot policy (didCet) [3], and the innovative city
pilot policy (didInn) [35]. Columns (1)–(3) of Table 7 present the estimation results. Even
after controlling for these three policy interventions separately, the positive effect of the Plan
on carbon emission efficiency remains significant. This indicates that the implementation of
other policies does not confound the Plan’s effectiveness, further supporting the robustness
of the previous findings.

Table 7. Robustness Checks Results (4–5).

Variable (1) Low-Carbon
Pilot

(2) Carbon
Trading

(3) Innovative
Cities

(4) Placebo
2006–2012

(5) Placebo
2015–2020

did 0.053 ***
(4.18)

0.052 ***
(4.04)

0.057 ***
(4.53)

0.015
(1.27)

0.016
(0.82)

didLcp 0.009
(0.71)

didCet −0.007
(−0.39)

didInn 0.064 ***
(4.19)

_cons −1.193 *
(−1.88)

−1.264 **
(−2.00)

−1.029
(−1.63)

−5.502 ***
(−5.58)

7.056 ***
(4.51)

Control variables Yes Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes

Sample size 4230 4230 4230 1974 1692
R2 0.172 0.172 0.176 0.104 0.145

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively. Values in parentheses
are t-statistics.
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4.3.5. Placebo Test

A placebo test is conducted by artificially assigning alternative implementation years
for the Plan [36,37]. Specifically, two periods are considered: 2006–2012 and 2015–2020, with
2009 and 2017 set as hypothetical policy start years, respectively. If the estimated coefficients
are not significant, it suggests that the observed improvement in carbon emission efficiency
in resource-based cities is indeed attributable to the Plan; otherwise, the results would be
unstable. Columns (4) and (5) of Table 7 show that when the policy start year is artificially
altered, the coefficient of the core explanatory variable becomes statistically insignificant.
This provides additional evidence for the robustness of the baseline regression results.

5. Testing the Intrinsic Mechanisms and Moderating Effects
5.1. Testing the Intrinsic Mechanisms

Theoretical analysis above suggests that the Plan may affect carbon emission efficiency
through technological innovation, industrial upgrading, and energy reduction effects.
To verify these mechanisms while addressing potential endogeneity issues in traditional
mediation models, this study follows related research [38,39] and conducts the analysis in
two steps.

First, the mechanism variables are used as dependent variables, with did serving as the
core explanatory variable. Second, the effects of the mediating variables on the dependent
variable are further examined separately using a fixed effects model. This additional test
is based on existing theories and literature, and it helps strengthen the reliability of the
conclusions. The specific model is specified as follows:

Mit = β0 + β1didit + ∑ βkcontrolit + µi + λt + εit (5)

ln Ceeit = κ0 + κ1Mit + ∑ κkcontrolit + µi + λt + εit (6)

In Equations (5) and (6), Mit represents the variables measuring the intrinsic mecha-
nisms: 1⃝ Technological innovation effect (lnInn): measured by the logarithm of domestic
patents granted per 10,000 people. 2⃝ Industrial upgrading effect: measured by the in-
dustrial structure advancement index (AInd), measured as the ratio of tertiary industry
output to secondary industry output, and the industrial structure rationalization index
(Rind), calculated based on the industrial structure deviation index following Han et al. [40].

3⃝ Energy reduction effect (Econ): measured by the logarithm of energy consumption
per unit of GDP. Following previous research [21], energy consumption is calculated by
combining direct energy consumption generated from natural gas and liquefied petroleum
gas with indirect energy consumption generated from electricity consumption. All other
variables are consistent with those in Equation (1).

Table 8 reports the regression results of the internal mechanism tests. First, the
estimation results in Columns (1) and (2) show that the Plan has a significantly positive
effect on technological innovation, and that technological innovation also has a significantly
positive effect on carbon emission efficiency. This finding is consistent with the theoretical
expectations discussed above. By providing comprehensive support in terms of human,
material, and financial resources, the Plan creates a favorable environment for technological
innovation. This further contributes to the improvement of carbon emission efficiency.
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Table 8. Intrinsic Mechanism Tests Results.

Variable (1) lnInn (2) lnCee (3) AInd (4) lnCee (5) Rind (6) lnCee (7) Econ (8) lnCee

did 0.053 **
(2.32)

0.031 ***
(6.32)

0.119 ***
(9.48)

−0.068 ***
(−2.68)

lnInn 0.007 *
(1.67)

AInd 0.103 ***
(4.03)

Rind 0.287 ***
(8.17)

Econ −0.111 ***
(−13.24)

_cons −5.210 ***
(−6.93)

2.515 ***
(7.71)

−2.091 ***
(−8.61)

2.142 *
(1.72)

2.405 ***
(3.85)

0.008
(0.01)

5.774 ***
(6.96)

0.560
(0.97)

Control variables Yes Yes Yes Yes Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Sample size 4230 4230 4230 4230 4230 4230 4230 4230
R2 0.886 0.617 0.939 0.378 0.136 0.386 0.423 0.171

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively. Values in parentheses
are t-statistics.

Second, the estimation results in Columns (3) and (4), as well as Columns (5) and (6),
show that the Plan significantly promotes the advancement and rationalization of industrial
structure at the 1% level. Meanwhile, both industrial structure advancement and industrial
structure rationalization have significantly positive effects on carbon emission efficiency.
Through a series of measures, such as promoting the transformation of traditional industries
and guiding and supporting the development of emerging industries, the Plan generates a
significant industrial upgrading effect. This effect serves as one of the key mechanisms for
improving carbon emission efficiency.

Finally, the estimation results in Columns (7) and (8) indicate a significantly negative
relationship between the Plan and energy consumption per unit of GDP. The estimated
coefficient is highly significant at the 1% level. In addition, the relationship between energy
consumption and carbon emission efficiency is also significantly negative. This objectively
indicates that the implementation of the Plan generates a strong energy reduction effect.
It is therefore conducive to improving both energy use efficiency and carbon emission
efficiency. In summary, the Plan improves carbon emission efficiency through technological
innovation, industrial upgrading, and energy reduction effects. Thus, theoretical hypothesis
H2 is verified.

5.2. Testing the Moderating Effects

According to the theoretical hypotheses, the positive effect of the Plan on car-
bon emission efficiency may be moderated by economic growth pressure and the de-
gree of marketization. Specifically, higher economic growth pressure weakens this ef-
fect, while higher marketization strengthens it. To test these hypotheses, the following
model is constructed:

ln Ceeit = γ0 + γ1didit + γ2didit Adit + γ3 Adit + ∑ γkXit + µi + λt + εit (7)

In Equation (7), Adit represents the moderating variable, either economic growth
pressure or marketization. The interaction term diditAdit is the key coefficient of interest.
Economic growth pressure (lnTarget) is measured by the logarithm of the annual GDP
growth target reported in each prefecture-level city’s government work report. Higher
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targets indicate greater economic growth pressure. Marketization (lnMar) is measured by
the logarithm of private and self-employed persons per 10,000 people.

Table 9 presents the results of the moderating effect tests for economic growth pressure
and marketization. Columns (1) and (3) report the regressions without control variables,
while Columns (2) and (4) include control variables. First, regarding economic growth
pressure, the coefficient of the interaction term didlnTarget is significantly negative at
the 5% level after including control variables. This indicates that higher economic growth
pressure weakens the positive effect of the Plan on carbon emission efficiency. As suggested
in the theoretical analysis, elevated growth pressure may lead to excessive expansion of the
secondary industry, reducing the government’s ability to regulate and guide development,
which in turn limits the Plan’s effectiveness.

Table 9. Moderating Effects Test Results.

Variable
Moderating Effect of Economic Growth Pressure Moderating Effect of Marketization

(1) lnCee (2) lnCee (3) lnCee (4) lnCee

didlnTarget −0.013 ***
(−2.76)

−0.011 **
(−2.13)

lnTarget −0.003 *
(−1.86)

−0.000
(−0.12)

didlnMar 0.097 ***
(7.51)

0.080 ***
(6.19)

lnMar −0.242 ***
(−27.72)

−0.230 ***
(−26.39)

did 0.153 ***
(3.75)

0.137 ***
(3.27)

0.027 **
(2.36)

0.035 ***
(2.92)

_cons −0.538 ***
(−20.53)

−1.571 **
(−2.42)

−0.176 ***
(−9.70)

−1.576 ***
(−2.72)

Control variables No Yes No Yes
City fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes

Sample size 4230 4230 4230 4230
R2 0.132 0.173 0.274 0.302

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively. Values in parentheses
are t-statistics.

Second, regarding marketization, the coefficient of the interaction term didlnMar
remains significantly positive at the 1% level regardless of whether control variables are
included. This suggests that a higher degree of marketization strengthens the Plan’s effect
on improving carbon emission efficiency. This result is intuitive: stronger marketization not
only helps overcome low-end lock-in in industrial structures but also fosters the emergence
of more energy-saving and emission-reducing technologies, effectively supporting the
implementation of the Plan. In summary, economic growth pressure and marketization
exert negative and positive moderating effects, respectively, on the Plan’s impact on carbon
emission efficiency, providing empirical support for Hypothesis H3.

6. Heterogeneity Analysis
6.1. Regional Heterogeneity

First, based on economic regional differences, the sample is divided into two categories:
eastern and central-western regions. Generally, the eastern region has stronger economic
development conditions, while the central-western region possesses richer natural resource
endowments. Columns (1) and (2) of Table 10 present the regression results for this
heterogeneity dimension. For resource-based cities in the eastern region, the coefficient
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of the Plan is 0.134 and significant at the 1% level. In contrast, the coefficient for the
central-western region is only 0.019 and not significant. Moreover, the between-group
coefficient difference test is significant at the 5% level. This indicates that the Plan’s
positive effect on carbon emission efficiency exists primarily in eastern resource-based
cities and is relatively strong. This may be because eastern resource-based cities have a
stronger economic foundation, better industrial supporting systems, and a more favorable
market environment. These conditions allow the industrial restructuring, technological
upgrading, and energy efficiency improvement requirements advocated by the Plan to
be integrated into existing development systems within a relatively short period. As
a result, resource-based industries in these cities can extend toward high value-added
manufacturing segments and green, low-carbon industries, thereby improving carbon
emission efficiency. By contrast, resource-based cities in the central and western regions are
more deeply dependent on resources. Their industrial systems are concentrated mainly in
energy extraction, raw material production, and heavy chemical industries. In addition,
insufficient cultivation of alternative industries, weak innovation capacity, and stronger
short-term growth pressure make it difficult for the Plan to fully release its effect on
improving carbon emission efficiency.

Table 10. Regional Heterogeneity Results.

Variable (1)
Eastern

(2)
Central-Western

(3)
Southern

(4)
Northern

(5) Southeast of Hu
Huanyong Line

(6) Northwest of Hu
Huanyong Line

did 0.134 ***
(6.08)

0.019
(1.17)

0.039 **
(2.26)

0.029
(1.52)

0.060 ***
(4.57)

−0.055
(−1.11)

_cons 3.058 **
(2.22)

−2.427 ***
(−3.39)

−4.300 ***
(−5.27)

2.032 *
(1.92)

−1.003
(−1.51)

−3.825
(−1.36)

Control variables Yes Yes Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes

Sample size 1500 2730 2295 1935 3870 360
R2 0.185 0.199 0.237 0.147 0.170 0.263

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively. Values in parentheses
are t-statistics. The p-values from the Chow tests for between-group coefficient differences are 0.024 for eastern
cities vs. central–western cities, 0.000 for southern cities vs. northern cities, and 0.006 for cities on the southeastern
side vs. northwestern side of the Hu Huanyong Line. All are significant at least at the 5% level, indicating that the
estimated policy effects differ significantly across different groupings.

Second, from a geographic perspective, natural conditions and production-living
patterns differ notably on the two sides of the Qinling-Huaihe Line, leading to different
policy responses. Accordingly, the sample cities are divided into southern and north-
ern regions. Columns (3) and (4) of Table 10 report the corresponding regression results.
The Plan’s positive effect on carbon emission efficiency is only significant in southern
resource-based cities (coefficient significant at 5%), while it is not significant in north-
ern cities. Meanwhile, the between-group coefficient difference test is significant at
the 1% level. This may be because southern resource-based cities have a relatively mild
climate and lower demand for centralized winter heating. Therefore, they are less depen-
dent on traditional fossil fuels such as coal. At the same time, a more developed industrial
system and market environment provide a favorable basis for the Plan to exert its industrial
guidance and energy-saving constraint effects. These conditions make it easier for the Plan
to improve carbon emission efficiency through industrial restructuring and the low-carbon
transformation of production modes. By contrast, northern resource-based cities have long
relied on heavy industrial sectors such as coal, steel, and petrochemicals. Their economic
growth is more deeply tied to high-carbon energy consumption. In addition, the rigid
energy demand generated by winter heating further reinforces the inertia of high-carbon
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development. As a result, the carbon emission efficiency-enhancing effect of the Plan is
difficult to fully realize in these cities.

Finally, the Hu Huanyong Line serves as a demarcation of economic development
levels and population distribution in China, with a clear difference in resource concentration
on its two sides. Columns (5) and (6) of Table 10 show the regression results based
on this criterion. The Plan significantly improves carbon emission efficiency in cities
located southeast of the Hu Huanyong Line (coefficient significant at 1%), but its effect is
insignificant and negative in cities northwest of the line. Meanwhile, the between-group
coefficient difference test is significant at the 1% level. This indicates that the Plan improves
carbon emission efficiency only in resource-based cities located on the southeastern side
of the Hu Huanyong Line. This may be because population, capital, technology, and
market demand are more concentrated on the southeastern side of the Hu Huanyong
Line. In this region, industrial chain supporting systems and innovation systems are
also relatively well developed. These conditions provide a practical foundation for the
Plan to exert its effects through industrial guidance, innovation incentives, and energy-
saving constraints. As a result, resource-based industries are more likely to extend toward
diversified, low-carbon, and high value-added development, thereby improving carbon
emission efficiency. By contrast, resource-based cities on the northwestern side of the Hu
Huanyong Line have limited market size. Their industrial development relies more heavily
on resource extraction and primary processing. They also face weaker ecological carrying
capacity, insufficient infrastructure, and limited innovation resources. These constraints
create a substantial gap between the policy objectives of the Plan and local transformation
capacity. As a result, its effect on improving carbon emission efficiency is not significant
in these cities.

6.2. Scale Heterogeneity

The preceding analysis indicates that the effect of the Plan on carbon emission effi-
ciency exhibits significant heterogeneity across different regions. From the perspective of
city size, it is important to examine whether the Plan’s positive effect exists consistently
across cities of different scales. Generally, larger cities benefit from economic agglomera-
tion, talent concentration, and abundant research resources, which provide advantages in
implementing the Plan and promoting a low-carbon economic transition. However, the
continuous expansion of city size also brings challenges such as resource scarcity, environ-
mental pollution, and traffic congestion, which may hinder sustained carbon reduction and
high-quality economic development.

To explore the heterogeneity of the Plan’s impact on carbon emission efficiency across
city sizes, the sample cities are categorized into five groups based on the permanent
population in urban areas, following the 2014 State Council notice on adjusting urban scale
classification: small cities, medium-sized cities, Type II large cities, Type I large cities, and
mega cities and above. Table 11 reports the corresponding regression results. It can be seen
that the Plan’s coefficient is significantly positive for medium-sized cities and Type II large
cities, passing the 1% and 10% significance tests, respectively. In contrast, the coefficients
for other city size categories are not significant. Meanwhile, the between-group coefficient
difference tests are all significant at least at the 5% level. This indicates that the Plan’s
positive effect on carbon emission efficiency is significant only in medium-sized and Type
II large cities. Moreover, the effect is stronger in medium-sized cities, with a coefficient
of 0.106, substantially higher than 0.028 in Type II large cities.
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Table 11. Scale Heterogeneity Results.

Variable
(1)

Small Cities
0–0.5 Million

(2)
Medium Cities
0.5–1 Million

(3) Type II Large
Cities

1–3 Million

(4) Type I
Large Cities
3–5 Million

(5) Mega Cities
≥5 Million

did −0.005
(−0.05)

0.106 ***
(3.20)

0.028 *
(1.65)

0.046
(1.19)

−0.059
(−0.35)

_cons −0.612
(−0.27)

2.441 *
(1.90)

−1.550 *
(−1.65)

−3.573
(−1.47)

−23.546 ***
(−7.44)

Control variables Yes Yes Yes Yes Yes
City fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes

Sample size 145 864 2273 585 363
R2 0.218 0.089 0.208 0.223 0.290

Note: *** and * denote statistical significance at the 1% and 10% levels, respectively. Values in parentheses are
t-statistics. The p-values from the Chow tests for between-group coefficient differences are 0.023 for medium-sized
cities vs. small cities, 0.031 for medium-sized cities vs. Type II large cities, 0.018 for medium-sized cities vs. Type
I large cities, and 0.009 for medium-sized cities vs. megacities and above. The p-values are 0.000 for Type II
large cities vs. small cities, 0.001 for Type II large cities vs. Type I large cities, and 0.006 for Type II large cities
vs. megacities and above. All of these values are significant at least at the 5% level, indicating that the estimated
policy effects differ significantly across different groupings.

These patterns arise because the policy effect of the Plan is jointly shaped by the
resource agglomeration capacity and governance carrying capacity associated with city
size. For small cities, population, capital, technology, and public service resources are
insufficiently concentrated. Their industrial foundations are also relatively weak. As a
result, small cities find it difficult to effectively meet the requirements of the Plan regarding
industrial substitution, technological innovation, energy conservation, and consumption
reduction. Therefore, the policy effect is not significant. Medium-sized cities and Type II
large cities fall within a more suitable size range. They have a certain industrial foundation,
market demand, and talent agglomeration capacity. At the same time, they have not yet
faced excessive pressure from traffic congestion, environmental pollution, or resource
constraints. Under these conditions, the industrial upgrading, technological innovation,
and energy consumption reduction effects of the Plan can be more easily released. Therefore,
its effect on improving carbon emission efficiency is more evident in these cities. As city
size continues to expand, Type I large cities and megacities and above have stronger
factor agglomeration capacity. However, they also face problems such as expanding total
energy consumption, increasing carbon emissions from transportation and buildings, and
rising environmental governance costs. These urban problems may offset the low-carbon
transformation effect of the Plan, resulting in an insignificant policy impact. Therefore,
the carbon emission efficiency-enhancing effect of the Plan does not increase linearly
with city size. Instead, it depends on the balance between factor agglomeration effects
and urban governance costs.

7. Conclusions and Policy Recommendations
Based on panel data from 282 prefecture-level and above cities in China, this study

employs a DID model to empirically examine the effect, underlying mechanisms, and
heterogeneity of the Plan for Resource-Based Cities on carbon emission efficiency. The
results show that the Plan significantly improves carbon emission efficiency. A series of
robustness checks, including PSM-DID, controlling for other policies, and placebo tests,
support these conclusions. Mechanism analysis indicates that the Plan enhances carbon
emission efficiency through technological innovation, industrial upgrading, and energy
reduction effects. Further, economic growth pressure and the degree of marketization
exert negative and positive moderating effects, respectively, on the Plan’s impact. Hetero-
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geneity analysis shows that the Plan’s policy effects vary significantly across city location
and size. Specifically, in terms of location, the Plan’s positive effect on carbon emission
efficiency is significant only in eastern cities, southern cities, and cities southeast of the Hu
Huanyong Line. Regarding city size, the positive effect is significant only in medium-sized
and Type II large cities.

Based on these findings, the following policy recommendations are proposed:
First, the support policies for the sustainable development of resource-based cities

should be continuously improved, with a stronger goal orientation toward enhancing
carbon emission efficiency. The empirical results show that the Plan significantly improves
carbon emission efficiency in resource-based cities. This indicates that comprehensive
sustainable development planning plays a positive role in coordinating economic growth
and carbon reduction. Therefore, based on the implementation experience of the Plan, the
policy system for the sustainable development of resource-based cities should be further
improved. Indicators such as carbon emission efficiency, energy utilization efficiency, and
industrial transformation performance should be incorporated into the policy evaluation
framework. This would help resource-based cities shift from focusing only on the scale of
emission reduction to placing greater emphasis on the quality of green development.

Second, policy implementation should focus more closely on technological innovation,
industrial upgrading, and energy consumption reduction. The mechanism tests show
that, after the implementation of the Plan, resource-based cities experienced significant
improvements in technological innovation, industrial upgrading, and energy consumption
reduction. These findings provide supporting evidence that these factors may serve as
channels through which the policy affects carbon emission efficiency. Therefore, follow-
up policies should continue to strengthen support for the research, development, and
diffusion of green technologies. They should guide traditional resource-based industries
toward high-tech, high value-added, and low-emission development. At the same time,
efforts should be made to promote modern services, the digital economy, and alternative
industries. This would reduce the dependence of economic growth on resource extraction
and energy-intensive industries. In addition, energy consumption per unit of output should
be continuously reduced through the application of energy-saving technologies, optimized
energy management, and resource recycling.

Third, economic growth targets should be set in a reasonable manner, and market-
oriented reform should be continuously advanced. The moderating effect results show that
economic growth pressure weakens the carbon emission efficiency-enhancing effect of the
Plan, whereas a higher degree of marketization strengthens this policy effect. Therefore,
resource-based cities should reduce the importance of GDP growth in the performance
evaluation of local officials. They should also increase the weight of ecological and environ-
mental indicators, such as carbon reduction performance, in the evaluation system. This
would encourage governments to set economic growth targets in a scientific and reasonable
way in line with the requirements of sustainable development. At the same time, the busi-
ness environment should be continuously improved. Reforms to streamline administration,
delegate power, improve regulation, and upgrade services should be further deepened. A
sound mechanism for cultivating, attracting, and supporting market entities should also be
established. By combining an effective market with a proactive government, the carbon
emission efficiency-enhancing effect of the Plan can be further strengthened.

Fourth, differentiated governance should be implemented according to differences
in city location and city size. The heterogeneity analysis shows that the carbon emission
efficiency-enhancing effect of the Plan is mainly significant in eastern cities, southern
cities, cities on the southeastern side of the Hu Huanyong Line, medium-sized cities, and
Type II large cities. However, this effect is not evident in central–western cities, northern
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cities, cities on the northwestern side of the Hu Huanyong Line, and some small and very
large cities. Therefore, for resource-based cities in the central and western regions, northern
China, and the northwestern side of the Hu Huanyong Line, policy efforts should focus on
improving the capacity to cultivate alternative industries, support green technologies, and
optimize the energy structure. These measures would help alleviate resource dependence
and high-carbon industrial lock-in. For small cities, industrial undertaking capacity and
public service capacity should be strengthened. For Type I large cities and megacities
and above, greater attention should be paid to the carbon emission pressure caused by
the expansion of transportation, buildings, and energy consumption. These cities should
improve urban governance efficiency and prevent urban problems from weakening the
effectiveness of low-carbon transformation.

8. Research Deficiencies and Prospects
Although this study systematically evaluates the impact of the Plan on carbon emission

efficiency and its underlying mechanisms using a DID model, and confirms the reliability of
the findings through the parallel trends test and other robustness checks, several limitations
remain and should be further addressed in future research.

First, the validity of the DID method depends on the parallel trends assumption
between the treatment and control groups and on the exogeneity of policy assignment. Al-
though the parallel trends test in this study supports the former condition, resource-based
cities and non-resource-based cities have long-standing inherent differences in economic
development stages, industrial structure inertia, and energy consumption patterns. These
structural differences may cause the DID estimator to capture both the policy effect and
the effects of regional structural transformation to some extent. The model can control
for observable factors only through city and year fixed effects. It cannot completely elim-
inate endogeneity bias arising from unobservable long-standing inherent differences or
nonrandom policy assignment. Future research could seek strictly exogenous instrumental
variables to mitigate selection bias. It could also adopt a regression discontinuity design to
further improve the validity of causal identification.

Second, the measurement of carbon emission efficiency relies on macro-level statistical
data. Such data may not fully capture the emission reduction behavior of micro-level
agents. Measurement errors in the data may also affect the accuracy of the results. Future
research could combine multi-source data to construct more precise indicators.

Third, the conclusions of this study are based on a sample of resource-based cities in
China. They are shaped by contextual factors such as China’s institutional environment and
industrial structure. Whether these findings can be extended to other emerging economies
requires further examination through cross-country comparative research.

Fourth, during the study period, several environmental policies were implemented
simultaneously, including low-carbon city policies and carbon emissions trading schemes.
This study does not identify the synergistic or crowding-out effects of policy combinations.
Future research could construct multi-policy interaction models to examine these effects in
greater depth.
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