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Abstract

As China pursues its Dual Carbon Goals, understanding the environmental effects of
the Belt and Road Initiative (BRI) is of critical importance. Employing panel data from
282 prefecture-level cities in China over the period 20032023, this study adopts a difference-
in-differences (DID) approach to systematically assess the impact of the BRI on carbon
emission intensity (CEI). The empirical results show that the BRI significantly reduces CEI
in Chinese cities along its corridors, a finding that proves robust across multiple robustness
checks and after addressing potential endogeneity concerns. Mechanism analysis reveals
that the BRI reduces CEI by promoting industrial structure optimization, lowering energy
intensity, and alleviating market fragmentation. Moderating effect tests indicate that
government intervention strengthens the CEI reduction effect of the BRL. Heterogeneity
analysis suggests that the CEI reduction effect is more pronounced in central-western cities,
key environmental protection cities, old industrial base cities, and non-logistics hub cities.

Keywords: belt and road initiative (BRI); carbon emission intensity (CEI); difference-
in-differences (DID)

1. Introduction

The overwhelming scientific consensus holds that human-generated carbon emissions
are the primary driver of greenhouse gas accumulation, placing them at the center of efforts
to address escalating climate change [1]. Consequently, a country’s proactive response
to climate change and effective control of its carbon emissions not only demonstrates its
commitment to global responsibilities but also serves as an essential driver for transitioning
to high-quality development. Recently, China has demonstrated strong determination in
climate governance and achieved significant reductions in carbon emissions. The national
strategy focuses on transitioning to green and low-carbon energy, accelerating emission
reductions in critical industries, and enhancing ecological carbon sink capacity. However,
challenges remain in further lowering the carbon emission intensity (CEI) [2]. Thus, a
pressing issue for China is how to reduce CEI, accelerate emission reductions, and ultimately
achieve carbon neutrality.

As a cornerstone of China’s strategy to advance comprehensive opening-up and
deepen global connectivity, the Belt and Road Initiative (BRI) has, since its launch in
2013, substantially boosted economic collaboration and infrastructure building between
China and participating countries [3]. In this process, Chinese cities along the BRI routes
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have emerged as vital hubs for exporting production capacity and logistics, while also
gaining opportunities to reduce their CEI [4]. Figure 1 illustrates a pronounced green
transition trend among Chinese BRI cities from 2003 to 2023. This trend is characterized by
simultaneous growth in total carbon emissions and economic output alongside a continuous
decline in CEL. Specifically, total CO; emissions in these cities rose from approximately
951 million tons to 2.459 billion tons, representing an increase of about 159%. Over the same
period, aggregate GDP expanded from 4.69 trillion yuan to 44.68 trillion yuan. Despite
the increase in absolute emissions, CEI declined steadily throughout. The most notable
reduction occurred between 2013 and 2023, when average CEI fell from 0.97 to 0.55, marking
a decrease of 43.3%. This phase of accelerated decarbonization closely aligns with the BRI's

implementation timeline.
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Figure 1. Carbon emission intensity in cities along the route in China, 2003-2023. (Source: EDGAR
database, China City Statistical Yearbook).

With the continued evolution of global climate governance, CEI has emerged as a
critical research focus in environmental economics and sustainable development, with
a steadily expanding body of literature. The Environmental Kuznets Curve (EKC), in-
troduced by Grossman and Krueger (1995) [5], posits that with economic advancement,
environmental degradation follows an initial upward trajectory which later reverses, re-
sulting in the characteristic inverted U-shaped curve. This hypothesis thus establishes a
foundational analytical framework, which guides and structures the subsequent inves-
tigation into the dynamic relationship between CEI and economic growth. Subsequent
empirical studies have identified multiple factors influencing CEI, including industrial
structure evolution [6], energy mix [7], technological innovation [8], and trade integration
into global value chains [9]. A substantial and expanding literature is specifically dedicated
to examining CEI trends in China. Research indicates that China has achieved a consis-
tent decline in CEI since 2005, reflecting overall improvements in energy efficiency and
industrial structure [10]. However, significant regional disparities in CEI persist across the
country [11]. Eastern coastal regions have demonstrated faster reductions, largely driven
by industrial upgrading and green innovation capabilities. In contrast, central and western
regions continue to experience higher CEI levels, constrained by industrial relocation, re-
source endowment, and energy structure limitations [12]. Moreover, the spatial distribution
of CEI across Chinese cities exhibits significant clustering effects. Cities with high CEI tend
to cluster geographically, forming typical “high-high” agglomeration patterns [13].
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Since the launch of the BRI, economic exchanges among participating countries have
intensified. This has stimulated industrial transfer and driven rapid economic growth in
these nations [14]. Against this backdrop, a growing literature examines the environmental
effects of the Initiative in host countries, giving rise to a persistent global academic debate.
The discourse is primarily structured around the competing frameworks of the “Pollu-
tion Haven Hypothesis” and the “Pollution Halo Hypothesis.” On the one hand, scholars
aligned with the Pollution Haven Hypothesis contend that the BRI exacerbates environmen-
tal pollution in participating countries [15], an effect argued to be especially acute within
energy-intensive industries like power generation and large-scale construction [16]. This is
particularly concerning given that infrastructure projects along the BRI routes often involve
heavy reliance on carbon-intensive materials such as cement and steel during construction,
as well as on fossil-fuel-powered machinery, which can generate substantial embodied
carbon emissions. On the other hand, proponents of the Pollution Halo Hypothesis posit
that the BRI contributes to lower carbon emissions and enhanced environmental quality
in host nations. They further argue that mechanisms such as green technology diffusion
and policy coordination under the Initiative can enhance green total factor productivity,
ultimately strengthening the capacity for a low-carbon transition in these economies [17].

Empirical research on the domestic environmental effects of the BRI has primarily
focused on environmental issues confronting provinces and firms along its routes within
China. Most studies utilize the difference-in-differences (DID) methodology, and their
collective findings support the conclusion that the BRI fosters green and sustainable de-
velopment in the affected regions and corporations [18]. At the provincial level, Liu & Xin
(2019) [19] applied a fuzzy regression discontinuity design to provincial data. Their analysis
demonstrates that the BRI significantly boosted both green total factor productivity and
technological advancement in major participating provinces. Regarding firm-level impacts,
Cao et al. (2022) [20] documented significant reductions in environmental pollution among
Chinese firms. Similarly, drawing on data from Chinese A-share listed manufacturing firms,
Cao et al. (2023) [21] showed that the BRI notably promotes corporate green transformation
and upgrading.

Existing research on the domestic environmental effects of the BRI has primarily
focused on environmental issues at the provincial and firm levels within China, such as
pollution emissions and resource consumption, often employing empirical methods like
difference-in-differences or spatial econometric models. However, systematic quantitative
analysis of its impact on urban CEI remains insufficient, despite cities serving as key spatial
units for policy implementation and carbon emissions. This suggests that while progress
has been made at the provincial and firm levels within China, attention to the urban
dimension remains limited. As a result, our understanding of the BRI's carbon reduction
effects and the underlying mechanisms at the city scale remains incomplete.

To address this gap, this study makes three key contributions to fill this void. First, it
offers a systematic, city-level analysis of the BRI's impact on CEI along its routes, thereby
providing granular evidence that is currently absent in the literature. Second, drawing
on sustainable transition theories, this study aims to identify and empirically examine
how the BRI influences urban CEI. It does so by testing three specific pathways including
the promotion of industrial structure optimization, the reduction of energy intensity, and
the alleviation of market fragmentation, thereby clarifying the specific channels through
which emission reductions occur. Third, recognizing the pivotal role of policy context,
it incorporates government intervention as a moderator, revealing how varying degrees
of state support or regulation condition the BRI's environmental effects. This nuanced
perspective deepens our understanding of the institutional factors that enable or constrain
green transition within large-scale development initiatives.
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The organization of this paper is as follows: Section 2 (Theoretical Analysis and
Research Hypothesis); Section 3 (Methodology and Data); Section 4 (Results and Analysis);
Section 5 (Heterogeneity Analysis); Section 6 (Discussion); and Section 7 (Conclusions and
Policy Implications).

2. Theoretical Analysis and Research Hypothesis
2.1. Influence Direction of the BRI on CEI

While the BRI is not a traditional environmental regulation policy, its vision of a
“Green Silk Road” and its mechanisms for promoting international cooperation and compe-
tition create policy incentives with a “quasi-regulatory effect”. These incentives facilitate
economic integration and technological exchange among participating countries. Through
this process, Chinese cities along the BRI routes gain enhanced access to international
advanced clean and efficient energy technologies. Notable examples include the large-scale
deployment of renewable energy sources like solar and wind, alongside energy-saving
technologies in industrial sectors [22]. This technological transfer directly reduces energy
consumption and carbon emissions in production processes. Furthermore, it generates
technology spillover effects that stimulate green innovation among local firms, fostering the
emergence of competitive green technologies and industries [23]. Additionally, the green
development principles advocated by the BRI have established a clear policy orientation,
which has prompted municipal governments along the routes to prioritize environmental
governance. However, against the backdrop of divergent objectives between central and
local governments, local authorities often face dual pressures between economic growth
and environmental protection. Drawing on principal-agent theory, we argue that under
promotion incentives centered on GDP growth, local officials may strategically relax en-
vironmental regulations when implementing BRI projects. This perspective sheds light
on the underlying central-local conflicts of interest that shape the effectiveness of the
BRI's quasi-regulatory effect, and highlights the critical role of government moderation in
determining environmental outcomes. Relevant government agencies have strengthened
carbon emission control systems through stricter emission standards and market-based
mechanisms such as emissions trading systems [24]. These measures compel enterprises to
pursue green transformation and reduce their CEI. Ultimately, this dual-driver of technol-
ogy and institutional reform enables these cities to diverge from the conventional “pollute
first, clean up later” development model. They achieve a decoupling of carbon emissions
from economic growth, creating mutual environmental and economic benefits. Accordingly,
we hypothesize:

Hypothesis 1: The BRI reduces CEI in Chinese cities along the routes.

2.2. Mechanisms of the BRI's Impact on CEI

Guided by classic theoretical frameworks such as the Environmental Kuznets Curve
and the Pollution Halo Hypothesis, this study develops its research hypotheses to analyze
how the BRI influences CEI in regions along its routes.

2.2.1. The Role of Promoting Industrial Structure Optimization

In terms of industrial structure optimization, the BRI creates important opportunities
for such upgrading in Chinese cities along its routes by deepening economic cooperation
and outward investment with partner countries. The initiative provides a vast overseas
market for traditional competitive industries, facilitating the orderly transfer of production
capacity abroad and freeing up essential factor resources in domestic cities. This process
creates space for cultivating and developing high-tech industries and modern services,
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thereby directly promoting industrial structure optimization [25]. Such structure transfor-
mation directly suppresses local CEI while generating significant spatial spillover effects
to surrounding areas through technology diffusion and industrial linkages, promoting
regional synergistic emission reduction [26]. These effects are particularly pronounced in
energy-intensive sectors, as they are key sources of carbon emissions. Specifically, structure
optimization in energy-intensive industries can directly and substantially reduce local CEL
Moreover, the green technologies, standards, and management models developed in these
sectors can drive synchronous transformation in neighboring regions through supply chain
requirements and demonstration effects, ultimately achieving systematic CEI reduction at
a regional scale. Accordingly, we hypothesize:

Hypothesis 2.1: The BRI helps reduce CEl in Chinese cities along its routes by promoting industrial
structure optimization.

2.2.2. The Role of Lowering Energy Intensity

The environmental outcomes of the BRI's quasi-regulatory effect are theoretically
uncertain. On one hand, it may facilitate green technology transfer; on the other hand,
it may exacerbate carbon lock-in or trigger pollution haven effects, depending on local
institutional contexts and implementation modalities. Focusing specifically on energy
intensity, the BRI creates favorable conditions for lowering energy intensity in Chinese
cities along its routes through international patent transfers, joint R&D programs, and
other cooperative mechanisms. These efforts facilitate the translation of clean energy and
high-efficiency equipment innovations into practical productivity. The core logic is that
the BRI serves as an open cooperation platform that promotes the dissemination and
application of green innovation outcomes, thereby lowering energy intensity [27]. Crucially,
reducing energy consumption intensity is key to lowering the CEI of cities along the BRI
routes. According to the Kaya identity, a decrease in energy intensity is directly linked to a
decline in CEI, provided the energy structure remains constant or improves. Essentially,
lowering energy intensity enhances the efficiency of converting energy into economic
value, resulting in less energy input and lower carbon intensity, which consequently drives
down CEI [28]. Empirical evidence demonstrates a particularly strong influence on the
green transformation of Chinese cities along the BRI routes [29]. Following the relocation
of energy-intensive industries and the accelerated adoption of clean energy, these cities
have witnessed a marked reduction in energy intensity, effectively alleviating local carbon
emission pressures and reducing CEI This provides a viable pathway for urban green
transformation along the routes. Accordingly, we hypothesize:

Hypothesis 2.2: The BRI helps reduce CEI in Chinese cities along its routes by lowering energy intensity.

2.2.3. The Role of Alleviating Market Fragmentation

From the perspective of alleviating market fragmentation, the BRI promotes infras-
tructure connectivity. This effectively breaks down domestic market segmentation and
lowers inter-regional transaction costs, thereby enabling a more efficient allocation of
production factors across broader geographical areas and reshaping China’s economic
geography [30]. Simultaneously, China’s engagement with international rules generates
an institutional learning effect that drives the domestic regulatory system toward greater
standardization and coordination, progressively addressing the institutional transaction
costs associated with administrative fragmentation [31]. These combined institutional
and structural changes systematically elevate the level of market integration in China.
Building on this enhanced integration, market integration provides an efficient pathway for
cities along the BRI routes to achieve high-quality development and reduce CEI, which is
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manifested in two key aspects: reshaping industrial specialization to promote low-carbon
production [32] and optimizing resource allocation to channel factors toward green innova-
tion [33]. Thus, market integration not only reshapes regional economic spatial structures
but also, by incentivizing green innovation and low-carbon specialization, offers an en-
dogenous, sustainable, and systemic driver for the low-carbon transition of cities along the
Belt and Road. Accordingly, we hypothesize:

Hypothesis 2.3: The BRI helps reduce CEI in Chinese cities along its routes by alleviating
market fragmentation.

2.3. Moderating Effect of BRI on CEI

Government intervention exerts a significant positive moderating effect on the impact
of the BRI on the carbon emission intensity of Chinese cities along its routes. In this study,
government intervention is defined as the capacity of local governments to guide regional
economic activities and enforce environmental regulations through the allocation of fiscal re-
sources and the use of policy instruments. This moderating effect operates through a hybrid
governance system that integrates both constraining and incentivizing mechanisms. Draw-
ing on the Porter Hypothesis, such intervention employs unified environmental standards,
enhanced carbon disclosure, and stringent supervision to transform environmental compli-
ance pressure into a driver for corporate green innovation [34]. Concurrently, grounded
in Endogenous Growth Theory, targeted resources including green finance and R&D sub-
sidies effectively reduce the costs and risks of low-carbon technology development [35].
This process embeds green growth within the BRI’s broader progress. Collectively, these
mechanisms generate a dual-track dynamic that couples regulation-induced innovation
with resource-enabled growth.

Moreover, the impact of government intervention is amplified through the lens of In-
stitutional Theory [36]. In line with this theory, the government integrates carbon reduction
targets into project evaluation and policy assessment systems, while constructing a compre-
hensive governance framework that combines information disclosure, green finance, and
rigorous oversight. This systematically reshapes the developmental logic and behavioral
patterns of local governments and enterprises.

In conclusion, moderate government intervention not only corrects market failures in
low-carbon investment and ensures policy coherence but also, through a multi-theoretical
governance approach, steers the BRI from a traditional infrastructure-oriented model
toward a green development paradigm. Such systematic intervention enables the si-
multaneous advancement of economic growth and carbon reduction objectives, thereby
institutionalizing the BRI's role in consistently lowering the carbon emission intensity of
cities along its corridors. Accordingly, we hypothesize:

Hypothesis 3: The BRI contributes to lowering CEI in Chinese cities along the routes through the
positive moderating role of government intervention.

Figure 2 shows the study’s theoretical framework, which incorporates the estab-
lished assumptions.
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Figure 2. Theoretical framework.

3. Methodology and Data
3.1. Empirical Methodology

Based on the policy document Vision and Actions on Jointly Building Silk Road Economic
Belt and 21st-Century Maritime Silk Road and the approach of Lu et al. (2021) [37], we
designate 37 key BRI cities as the treatment group. These include 8 cities in the north-
west and northeast, 7 inland cities, 3 in the southwest, and 19 along the eastern coast.
Cities outside the BRI network serve as the control group. The DID model is specified in
Equations (1) and (2):

n

CEL; = a9+ a1 x DID;; + thk X Xip + A+ e + €5 1)
k=1
DID;; = Time; X Treated,; (2)

where i represents cities and t indexes time periods; CEl}; represents the carbon emission
intensity; a1 captures the average treatment effect of the BRI on CEI in route cities; Xj;
represents a vector of control variables. A; and y; respectively denotes city fixed effects and
year fixed effects; and ¢;; is the idiosyncratic error term.

The preceding theoretical analysis suggests that Medium;; as a mediating channel
through which the BRI influences CEI in route cities. To empirically examine this
transmission mechanism, a stepwise mediation approach is implemented, as specified in
Equations (3)—(5).

n
Medium;; = By + B1DID; + Y BieXi + Ai + pt + €t 3)
k=1
n
CElLy = o + y1Mediumi + Y i Xit + A + pr + €5t (4)
k=1
n
CEl; = 1o + m1DIDjy + 1o Mediumj; + Z MeXit + Ai + e + €t (5)
K=1

In the above model, the mediator variable includes industrial structure optimization,
energy intensity, and market segmentation.
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As government intervention potentially moderates the relationship between the BRI
and CEI, an interaction term between the DID and government intervention is incorporated.
Thus, the subsequent model is more precisely defined in Equation (6) as:

n
CEl; = 69+ 61DID;; + 0,Gov;; + 03DID x Govy; + Z O Xip +Aj 4+ e + €t (6)
k=1

Among them, government intervention (Gov) serves as a moderating variable.

3.2. Variables and Data
3.2.1. Explained Variable: The CEI in Cities Along the Route in China (CEI)

The dependent variable is carbon emission intensity in Chinese cities along the Belt
and Road routes, calculated as total city-level carbon emissions divided by gross regional
product [38]. This widely adopted indicator captures carbon output per unit of economic
activity and thus serves as a key metric for assessing low-carbon transition efficiency and
green development performance at the regional scale.

3.2.2. Core Explanatory Variable: The BRI x Post Interaction Term (DID)

Following Chingiz et al. (2025) [39], this study defines 2013 as the starting year of
policy implementation. Cities are assigned to the treatment group if they are designated as
core or important nodes along the BRI routes. The DID term is constructed through the
following steps. First, we create a group dummy variable, which is assigned a value of 1 if
a city is located along the BRI routes, and 0 otherwise. Second, we define a time dummy
variable, which takes the value of 1 for the years from 2013 onward and 0 for previous
years. The core explanatory variable is the interaction term between these two dummy
variables, which represents the DID estimator. This term captures the average treatment
effect of the BRI on the treated group.

3.2.3. Mediating Variables

To measure key mechanisms, the following variables are constructed. First, industrial
structure optimization (Stru) is measured by the tertiary-to-secondary sector value-added
ratio [40]. Second, energy intensity (Ei) is defined as the ratio of total energy consumption
to regional GDP [41]. Finally, market fragmentation (Fg) is proxied inversely by wholesale
and retail sales over GDP, where lower values indicate greater market segmentation [42].

3.2.4. Moderating Variable

Government intervention (Gov) is constructed to quantify the governance role of local
governments in green development under the BRI. Drawing on the classic approach in
public economics and institutional analysis for measuring government size, we use the
ratio of total local fiscal expenditure to local GDP as the measure [43]. This ratio not only
reflects the fiscal capacity of local governments to mobilize and allocate resources, but also
directly captures the depth of their involvement in and regulation of regional economic
activity. It thus serves as a key proxy for institutional driving forces.

3.2.5. Control Variables

To control for potential confounding factors, several variables are included. Population
density (Poden) is defined as the number of people per unit of land area, measured in
persons per square kilometer, and is transformed using the natural logarithm to address
skewness. Openness (Open) is captured by the ratio of actually utilized foreign capital to
regional GDP, with foreign capital originally reported in U.S. dollars converted to RMB
using the annual average exchange rate. Education expenditure (Edu) represents the share
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of fiscal spending allocated to education, calculated as the ratio of educational expenditure
to total government budgetary expenditure. Science and technology support (Scien) is given
by the ratio of government R&D expenditure to total government budgetary expenditure.
Human capital (Hum) is approximated by the share of the number of higher education
students in the total population. Mobile phone penetration (Cell) is defined as mobile
phones per capita. Financial development (Finc) is proxied by the credit-to-GDP ratio,
defined as total loans extended by financial institutions relative to regional GDP.

3.2.6. Data Sources

Data are drawn primarily from the EDGAR database, along with several Chinese
statistical yearbooks: the China Statistical Yearbook, China City Statistical Yearbook, China
Statistical Yearbook on Science and Technology, China Energy Statistical Yearbook, China Industrial
Statistical Yearbook, and China Environmental Statistical Yearbook. Based on panel data from
282 prefecture-level cities in China over the period 2003-2023, missing values were imputed
using linear interpolation. To ensure data quality, cities with missing energy consumption
data for three or more consecutive years were excluded from the sample. In addition,
annual fluctuations exceeding £50% were individually cross-checked against the original
statistical yearbooks to rule out potential changes in statistical reporting standards or data
entry errors. Descriptive statistics for all variables are presented in Table 1.

Table 1. Descriptive statistics of main variables.

Variable Observations Mean [S)Li::taifi Min Max
CEI 5922 2.514 2.499 0.074 28.120
DID 5922 0.069 0.253 0.000 1.000
Stru 5922 0.997 0.568 0.094 4.387

Ei 5922 0.261 0.376 0.015 5.196
Fg 5922 0.393 0.410 0.000 1.720
Gov 5922 0.173 0.094 0.031 0.716
Poden 5922 5.734 0.928 1.547 8.176
Open 5922 0.026 0.029 0.000 0.156
Edu 5922 0.181 0.046 0.015 0.292
Scien 5922 0.024 0.016 0.005 0.071
Hum 5922 0.025 0.014 0.006 0.143
Cell 5922 0.878 0.779 0.020 1.671
Finc 5922 0.978 0.635 0.081 4.827

4. Results and Analysis
4.1. Baseline Regression Results

This study utilizes a difference-in-differences model to assess the effect of the BRI on
CEl in Chinese cities along the route. Table 2 reports the estimation results. With the full set
of controls, we focus on column (4). The DID coefficient is —0.5068 and remains statistically
significant at the 1% level after controlling for relevant variables, city fixed effects, and
year fixed effects. This indicates that the BRI has significantly reduced CEI in participating
cities, supporting Hypothesis 1. Given the substantial scale of economic activity across BRI
cities, this reduction carries meaningful economic implications and contributes to China’s
Dual Carbon Goals. Our findings are corroborated by recent research on the environmental
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effects of the BRL. Using evidence from East African countries, Dusengemungu et al.
(2023) [44] argued that BRI cooperation generates substantial environmental benefits and
promotes green and sustainable development in partner nations. Focusing on Chinese
cities, Zhang et al. (2023) [45] further confirmed that the BRI effectively lowers carbon
emission intensity along the route. The consistency between our results and evidence from
both domestic and international contexts underscores the BRI’s role as a dual-purpose
platform for economic cooperation and environmental governance.

Table 2. Impacts of the BRI on CEL

(1) (2) (3) @)

Variable CEI CEI CEI CEI
DID —1.6785 *** —0.7691 *** —0.9075 *** —0.5068 ***
(0.1716) (0.0889) (0.1643) (0.1934)
Poden —0.3042 *** —3.9875 ***
(0.0710) (0.1731)
Oben —0.5692 *** —0.4208 ***
P (0.0727) (0.0787)
Edu —1.5874 ** —0.4126 **
(0.6832) (0.2037)
Scien —0.1471 *** —0.5201 ***
(0.0497) (0.0404)
Hum 0.4176 ** 1.7148 **
v (0.1736) (0.6777)
Cell —0.5085 *** —0.2084 **
(0.0942) (0.0966)
Fin 0.5184 *** 0.1661 *
(0.0946) (0.0949)
Cons 2.6294 *+* 4.6392 #** 2.5764 *** 4.9039 **+
(0.1248) (0.8553) (0.1235) (0.8586)
Year FE NO NO YES YES
City FE NO NO YES YES
N 5922 5922 5922 5922
R? 0.029 0.139 0.171 0.225

Note: Parentheses contain city-clustered robust standard errors; * p < 0.1, ** p < 0.05, *** p < 0.01.

Turning to the control variables, several noteworthy patterns emerge. Population
density (Poden) is significantly negatively associated with CEI, indicating that higher pop-
ulation density enhances public transit efficiency and resource sharing, thereby lowering
per capita energy consumption [46]. Likewise, the coefficient of openness (Open) is also
significantly negative, suggesting that greater openness promotes the adoption of energy-
saving technologies and industrial structure upgrades, ultimately leading to lower unit
output emissions [47]. The negative coefficient on education expenditure (Edu) implies
that such educational investment strengthens the innovation capacity of the workforce,
supplying the human capital essential for clean production [48]. Similarly, the coefficient
for scientific expenditure (Scien) is negatively associated with CEI, as R&D expenditure
promotes green innovation and energy structure optimization [49]. Human capital (Hum)
displays a positive coefficient, potentially reflecting that higher human capital facilitates
energy-intensive industrial upgrading in the short term [50]. Mobile phone penetration
(Cell) is negatively correlated with carbon intensity, primarily through information diffu-
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sion, remote work adoption, and smart city applications that reduce energy demand [51].
Financial development (Finc) shows a positive relationship with carbon intensity, possi-
bly because financial deepening stimulates investment and industrial expansion, thereby
raising aggregate energy consumption [52].

4.2. Robustness Tests
4.2.1. Parallel Trend Test

When evaluating the environmental impact of BRI, the DID model relies on the
parallel trends assumption, which necessitates that treatment and control groups exhibit
comparable trajectories before the policy implementation. To test this assumption, this
study examines the dynamic effects of the BRI on CEI within a five-year window around its
implementation. As shown in Figure 3, the pre-treatment period coefficients are statistically
insignificant for all years prior to 2013, thereby supporting the parallel trends assumption.
After 2013, however, the estimated coefficients become significantly negative, with their
magnitudes increasing over time. This pattern suggests that the emission-reduction effect
of the BRI is not instantaneous but rather materializes gradually and strengthens as the
initiative deepens. The widening gap between treated and control cities in the post-
treatment period further implies cumulative policy gains, highlighting the sustained role
of the BRI in fostering low-carbon urban development along its routes.

-t

!

T T T T T T T T T T
pre_5 pre_4 pre_3 pre_2 pre_1 current last_1 last 2 last 3 last_4 last 5

Figure 3. Results of the parallel trend test.

4.2.2. Placebo Test

To rule out the influence of omitted variables or random disturbances, this study
conducts a placebo test following Ferrara et al. (2012) [53]. Specifically, we randomly as-
signed placebo treatment status and hypothetical implementation years to cities unaffected
by the BRI, re-estimating the baseline model for each iteration. As shown in Figure 4,
the distribution of placebo coefficients is tightly centered around zero and exhibits no
systematic bias, indicating that random shocks do not confound our baseline estimates. The
concentration of placebo estimates near zero, combined with the absence of any significant
outliers, confirms that the observed emission reductions are attributable to the BRI itself
rather than to coincidental factors or model misspecification. These findings reinforce the
causal interpretation of our main results.
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Figure 4. Results of the placebo test.

4.2.3. Excluding Interference from Other Policies

Several concurrent policies could confound the estimated effect of the BRI. For instance,
China launched the New Energy Demonstration City (NEDC) initiative in 2014 under its
12th Five-Year Plan for renewable energy. The pilot Carbon Emissions Trading Scheme
(ETS) was also implemented during this period to facilitate regional low-carbon transitions.
Meanwhile, three waves of the Low-Carbon City Pilot (LCCP) policy were introduced
between 2010 and 2017 to advance market-based decarbonization. To isolate the distinct
effect of the BRI from these overlapping initiatives, this study includes policy dummy
variables for each intervention. As shown in Table 3, columns (1) to (3) control for the
NEDC, pilot ETS, and LCCP policies, respectively, while column (4) incorporates all three
simultaneously. The DID coefficient remains significantly negative across all specifications,
confirming that the BRI consistently reduces CEI in participating cities. These results
reaffirm the robustness of the baseline findings.

Table 3. Results of excluding interference from other policies.

- ) @) 3) @
Variable NEDC Pilot ETS LCCP Three Policies

bID 05074 %% _0.4932**  —(.4941 ** —0.4889 **

(0.1955) (0.1958) (0.1914) (0.1963)

—0.0128 —0.0168

Treated x NEDC (0.1794) (0.1826)

—0.0977 ~0.0553

Treated x ETS (0.2079) (0.1960)
—0.0923 —0.0794

Treated x LCCP (0.1702) (0.1664)
Cons 4.9046 *** 4.8904 4.9241 ** 4.9146

(0.8602) (0.8620) (0.8641) (0.8740)
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Table 3. Cont.

) 1) (2) 3 @
Variable NEDC Pilot ETS LCCP Three Policies
Control YES YES YES YES
Year FE YES YES YES YES
City FE YES YES YES YES

N 5922 5922 5922 5922

R2 0.225 0.225 0.225 0.225

Note: *p < 0.1, * p < 0.05, ** p < 0.01.

4.2.4. Additional Robustness Tests

First, the PSM-DID method is employed. To effectively mitigate selection bias while
controlling for external disturbances, this study combines propensity score matching with
DID estimation. Specifically, propensity scores are first calculated using a Logit model and
employed to match cities between the intervention and control groups. Regression estima-
tion is then conducted on the matched sample. Second, lagged treatment is introduced.
Considering the potential time-lag effect of the BRI on environmental outcomes, a one-
period lag is applied to both the core explanatory variable and the control variables. Third,
the sample window is restricted to 20072019 to avoid interference from structural changes
over an extended time horizon. Fourth, observations from 2020 onward are excluded to
avoid abnormal fluctuations in economic and social variables during exceptional periods.
The results are presented in Table 4. The findings indicate that the core conclusions remain
consistent across the multiple robustness tests, thereby reinforcing the credibility of the
initial estimates.

Table 4. Results of additional robustness tests.

€Y (2 3) @
Variable - . . .
PSM-DID A One-Period Lag  Shorten the Time Window Observations from After 2020
DID —0.3071 *** —0.5064 *** —0.6144 *** —0.5389 **
(0.1163) (0.1890) (0.2000) (0.2116)
Cons 5.0275 *** 4.6833 *** 3.9571 *** 5.0637 ***
(0.5899) (0.8205) (0.7723) (0.9363)
Control YES YES YES YES
Year FE YES YES YES YES
City FE YES YES YES YES
N 4776 5640 3666 5076
R? 0.354 0.217 0.147 0.207

Note: * p < 0.1, * p < 0.05, ** p < 0.01.

4.3. Endogeneity Treatment

To mitigate endogeneity, this study employs the instrumental variable approach pro-
posed by Tsoutsoura (2015) [54] within a quasi-natural experiment framework. Specifically,
building on Yu et al. (2021) [55], the analysis uses cities located along the ancient Silk Road
as an instrument for BRI participation. This selection is justified on two grounds: first,
the strong historical and spatial alignment between the ancient Silk Road and the modern
BRI ensures the relevance of the instrument; second, the historical nature of the ancient
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route satisfies the exogeneity restriction, as it is unlikely to directly influence contemporary
carbon emission intensity.

Subsequently, a two-stage least squares estimation is implemented, with results pre-
sented in Table 5. In column (1), the interaction (IV x Time) yields a statistically significant
and positive effect, thereby indicating that cities with a historical Silk Road heritage were
more likely to become core nodes under the BRI. Furthermore, diagnostic tests confirm
instrument validity, with the Kleibergen—Paap rk LM statistic significant at the 1% level and
the corresponding Wald F statistic well above the threshold of 10, confirming instrument
relevance and ruling out weak identification. Column (2) reports a significantly negative co-
efficient on the DID term, implying that after accounting for endogeneity, the BRI continues
to exert a substantial mitigating effect on CEI in treated cities.

Table 5. Results of endogeneity treatment.

1) 2
Variable Phase I Regression Phase II Regression
DID CEI
i 0.1858 ***
—2.0002 ***
DID (0.6348)

Kleibergen-Paap rk Wald F 140.933
. 134.736
Kleibergen-Paap rk LM [0.000]

Control YES YES

Year FE YES YES

City FE YES YES

N 5922 5922

Note: *p < 0.1, * p < 0.05, * p < 0.01.

4.4. Mediation Effect Test

To further investigate the mechanisms underlying the BRI's environmental impact,
this study explores three potential channels: industrial structure optimization (Stru), energy
intensity (Ei), and market fragmentation (Fg). To conduct robust mediation analysis, the
Sobel test and Bootstrap mediation tests are employed to account for the non-normality of
the sampling distribution.

Columns (1) to (3) in Table 6 report the mediation effects of industrial structure op-
timization. The estimates indicate a statistically positive coefficient for the DID term in
column (1), contrasted by a significantly negative one for the industrial structure optimiza-
tion (Stru) variable in column (2). In column (3), both coefficients remain significantly
negative. This evidence lends support to Hypothesis 2.1, which posits that, in correlational
terms, the BRI is linked to reduced urban CEI through industrial optimization. This finding
corroborates the mechanism identified in prior studies. Zhang et al. (2023) [45] found
that the BRI reduces carbon emissions in cities along the BRI corridor through industrial
structure optimization effects. Similarly, Zhou et al. (2023) [56] confirmed that the initiative
improves domestic environmental quality via the same channel.
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Table 6. Results of mediation effect test.
Vaiabl 1) (2) (3) 4) (5) (6) ) (8) 9)
anabie  Stru CEI CEI Ei CEI CEI Fg CEI CEI
Lo 02037 03198 ~0.0892 0383 op v ~0.4894
(0.1001) (0.1878)  (0.0479) (0.1932)  (01043) (0.2014)
09358  —0.9182
Stru b Ex
(0.1996)  (0.1975)
- 14977 **  1.4910 ***
(0.2604)  (0.2594)
01268  —0.1646
Fg *% %%
(0.0612)  (0.0716)
Cone 099647 59220 %% 58188 * 17651 24119 23218 ** —03012 9950 +er 48844+
(01914)  (09549)  (09579)  (01808)  (0.9233)  (09188)  (j 00 (08664)  (08627)
Control  YES YES YES YES YES YES YES YES YES
Year FE  YES YES YES YES YES YES YES YES YES
City FE  YES YES YES YES YES YES YES YES YES
N 5922 5922 5922 5922 5922 5922 5922 5922 5922
R2 0.369 0.247 0.247 0.395 0.297 0.296 0.442 0.225 0.223

Note: *p < 0.1, * p < 0.05, ** p < 0.01.

Columns (4) to (6) of Table 6 demonstrate the mediating role of energy intensity. The
significantly negative coefficient on the DID term in column (4), alongside the significantly
positive coefficient on Ei in column (5), establishes the preliminary relationships. In
column (6), the estimates for the DID term and Ei continue to be significantly negative
and positive, respectively. This pattern of results supports the conclusion that there is a
correlational pathway through which the BRI is associated with lower CEI in cities along
the routes, consistent with lower energy intensity, thereby providing correlational evidence
for Hypothesis 2.2. The role of energy efficiency gains identified here aligns with Dong
et al. (2017) [57], who highlighted the initiative’s role in fostering a cleaner domestic energy
structure. Furthermore, Zhang et al. (2025) [58] offer additional evidence, attributing
emission reductions to enhanced energy efficiency driven by green infrastructure and
technology spillovers along the BRI routes.

The analysis reveals a positive and significant DID estimator in column (7) and a
significantly negative coefficient for market segmentation (Fg) in column (8). In column (9),
both variables show significantly negative coefficients. These results collectively indicate a
correlational pathway wherein the BRI is associated with reduced CEI, potentially through
promoting market integration, thus providing correlational support for Hypothesis 2.3.
This conclusion reinforces Wang et al. (2024) [59], who argued that the initiative promotes
cross-regional factor mobility, which in turn generates economies of scale and optimizes
resource allocation. These effects collectively enhance economic efficiency and market
integration, ultimately leading to a reduction in CEL

While the BRI contributes positively to lowering carbon intensity, meeting the 2030 peak
and 2060 neutrality targets will require coordinated efforts across multiple policy domains,
including energy restructuring, industrial modernization, and regional cooperation.
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4.5. Moderating Effect Analysis

To examine whether government intervention moderates the relationship between
the BRI and CEI, we conducted a moderation analysis with results presented in Table 7.
Columns (1) reports the baseline effect of the BRI on CEIL Column (2) shows the combined
effects of the BRI, government intervention, and their interaction term. The significantly
negative coefficient on the interaction term indicates that government intervention strength-
ens the negative effect of the BRI on CEI, thereby supporting Hypothesis 3.

Table 7. Results of moderating effect analysis.

bl 1) (2)
Variable CEI CEI
—0.5068 *** —0.7385 ***
DID (0.1934) (0.2243)
—3.8376 *
DID x Gov (2.0878)
—1.5764
Gov (1.2145)
Cons 4.9039 *** 5.2197 ***
(0.8586) (0.8431)
Control YES YES
Year FE YES YES
City FE YES YES
N 5922 YES
R? 0.225 0.244

Note: * p < 0.1, ** p < 0.05, *** p < 0.01.

According to Sohag et al. (2024) [60], the effectiveness of environmental policies is
fundamentally contingent on governmental governance capacity. Strong government in-
tervention thus constitutes a key mechanism for enhancing the carbon emission reduction
impact of the BRI, primarily through improved policy enforcement and systemic coordina-
tion. In practice, effective governance not only translates macro-level green development
strategies into measurable local actions but also integrates diverse objectives such as infras-
tructure investment, industrial cooperation, and environmental protection. This integrated
approach helps overcome the constraints of market spontaneity and policy fragmentation.
Therefore, a government with strong intervention and coordination capabilities is crucial
for unlocking the full green potential of BRI development, which in turn significantly
amplifies its mitigating effect on CEI along the routes.

5. Heterogeneity Analysis

As shown in Figures 5 and 6, the CEI of Chinese cities along the Belt and Road routes
exhibited an overall declining trend from 2003 to 2023. However, the extent of reduction
and the evolutionary pathways varied noticeably across different regions. This spatial
variation implies that the carbon mitigation effect of the BRI may be shaped by region-
specific factors, particularly differences in local policy contexts, including the stringency of
environmental regulations, the strength of fiscal incentives for green investment, and the
degree of policy coordination with central government mandates. To further explore this
heterogeneity, we divided the full sample into regional subgroups and conducted a formal
heterogeneity analysis.
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Figure 5. Carbon emission intensity in cities along the route in China, 2003. (Source: EDGAR database,
China City Statistical Yearbook 2004).
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Figure 6. Carbon emission intensity in cities along the route in China, 2023. (Source: EDGAR database,
China City Statistical Yearbook 2024).

5.1. Urban Location and Geographic-Economic Conditions

There are systematic differences between eastern and central-western Chinese cities in
terms of economic advancement, productive specialization, and technological capabilities.
To examine the regional heterogeneity of the BRI's impact on CEI, this study categorizes
the sample into eastern and central-western cities based on their distinct development
levels. As shown in columns (1) and (2) of Table 8, the Initiative’s mitigating effect on
CEl is significantly stronger in central-western cities than in eastern ones. This regional
disparity can be attributed to the eastern region’s stronger economic foundation, more
advanced industrial upgrading, and higher levels of green technology innovation [61].
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These advantages have enabled the eastern region to achieve a relatively low level of
CEI at an earlier stage, leading to diminishing marginal returns in further reductions. In
contrast, the central-western regions, which start from a higher baseline, benefit more
substantially from infrastructure improvements, industrial restructuring, and the spillover
of green technologies facilitated by the Initiative, thus exhibiting a more pronounced

reduction effect.

Table 8. Heterogeneity tests.

4]

2 3) @ (5) (6) ) ®

Key Envi- Non-Key
. Central- y B Environ- Old Non-Old . Non-
Variable Eastern ronmental . . Logistics ‘e
Cities Western Protection mental Industrial Industrial Hub Cities Logistics
Cities o Protection  Base Cities Base Cities Hub Cities
Cities ore
Cities
DID —0.4445**  —1.5297 ** —1.6365 ** —0.2663 * —0.7403 ** —0.4029 * —0.3120* —1.5347 ***
(0.1485) (0.6618) (0.7551) (0.1525) (0.3640) (0.2139) (0.1799) (0.4982)
Cons 3.9812 *** 3.4348 ** 4.5690 *** 3.5444 *** 4.4758 *** 4.7341 *** 3.5384 *** 3.2181 ***
(0.7215) (1.6294) (1.1557) (1.3294) (1.5408) (1.1855) (0.9411) (0.6704)
Control YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES
City FE YES YES YES YES YES YES YES YES
N 2520 3402 2373 3549 2520 3402 1491 4431
R? 0.308 0.215 0.360 0.201 0.254 0.210 0.250 0.194

Note: * p < 0.1, ** p < 0.05, *** p < 0.01.

5.2. Environmental Protection Stringency

In accordance with the classification outlined in the National Environmental Protec-
tion “Eleventh Five-Year Plan,” this study divides the sample into key environmental
protection cities and non-key environmental protection cities for subgroup analysis. The
results in columns (3) and (4) of Table 8 show that the BRI demonstrates a greater carbon-
reducing effect in key environmental protection cities, suggesting that regions with a more
established environmental governance framework can more effectively leverage policy
benefits. This is primarily because prioritized cities possess more developed infrastructure
and higher environmental standards, accelerating the adoption and diffusion of green
technologies, clean energy, and external investments [62]. In addition, these cities tend
to have stronger institutional enforcement, public oversight, and corporate environmen-
tal awareness. These factors collectively further the fulfillment of the BRI's green goals,
resulting in more pronounced reductions in CEL

5.3. Industrial Foundation

Drawing on the classification from China’s National Plan for the Adjustment and Ren-
ovation of Old Industrial Bases, this study divides the sample cities into old industrial base
cities and non-old industrial base cities for subgroup analysis. The estimates in columns
(5) and (6) of Table 8 show that the BRI significantly reduced CEI in both city groups, with
the decrease being more pronounced in old industrial base cities. This indicates that the
policy yields greater environmental benefits in regions characterized by heavier industrial
structures and stronger transformation pressures. Non-old industrial base cities generally
feature lighter industrial structures and higher energy efficiency; consequently, further
emission reductions depend more on green innovation and institutional improvements,
which limit the marginal policy effect. In contrast, old industrial base cities are constrained
by long-term path dependence on heavy industry and high-carbon lock-in. The BRI, how-
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ever, facilitates green investments, international capacity cooperation, and technology
transfer. These initiatives help integrate domestic and foreign resources, optimize energy
structures, and improve production efficiency, thereby leading to more substantial carbon
reduction outcomes.

5.4. Logistics Hub Function

Following the National Plan for the Layout and Construction of Logistics Hubs, this
study conducts a sub-sample analysis by dividing cities into logistics hub cities and non-
logistics hub cities. The estimates in columns (7) and (8) of Table 8 show that the BRI has
a significantly weaker carbon-reduction effect in logistics hub cities than in non-logistics
hub cities. This difference can be explained by institutional lock-in and the resource
curse hypothesis. Logistics hub cities have long relied on high-carbon transportation and
warehousing industries, creating path dependence at both technological and institutional
levels. The accumulation of specialized assets and the rigidity of their industrial structures
not only increase transformation costs but also diminish incentives for green governance.
As aresult, these cities exhibit slower responses to informal environmental regulations, such
as the social credit system, which reduces the effectiveness of carbon reduction policies.

6. Discussion

This study provides robust empirical evidence that the BRI significantly reduces CEl in
participating Chinese cities, offering valuable insights into the environmental implications
of large-scale development strategies. Treating the BRI as a quasi-natural experiment, our
findings reveal that the initiative’s impact on CEI is not only statistically significant but
also economically meaningful, with effects that strengthen over time. This pattern aligns
with the gradual deepening of policy implementation and infrastructure connectivity.

The mechanism analysis helps explain how the BRI influences urban CEI. We iden-
tify three distinct yet interconnected pathways, namely industrial structure optimization,
energy intensity reduction, and market integration. This finding suggests that the envi-
ronmental benefits of the BRI are not incidental but are embedded in its core design of
fostering economic transformation and regional coordination. Notably, these mechanisms
operate synergistically. Industrial structure optimization reallocates resources toward less
carbon-intensive sectors. Reduced energy intensity reflects efficiency gains from techno-
logical progress, while market integration facilitates the reallocation of resources toward
cleaner production. Among these, energy intensity reduction emerges as a particularly
salient channel, underscoring the importance of technology diffusion and energy efficiency
improvements as key drivers of low-carbon transition under the BRI framework.

The moderating role of government intervention adds another layer of complexity to
our understanding. The finding that government intervention amplifies the BRI's carbon-
reducing effect underscores the critical function of public policy in steering large-scale
initiatives toward sustainable outcomes. This result resonates with the institutional eco-
nomics literature, which emphasizes that market-based mechanisms alone are insufficient
to correct environmental externalities, particularly in the context of infrastructure-led
development. The positive moderation effect suggests that proactive fiscal policies, regula-
tory oversight, and strategic allocation of resources by local governments can effectively
reinforce the environmental dividends of the BRI.

The heterogeneity analysis reveals several noteworthy patterns. The pronounced effect
in central-western cities results from substantial gains from infrastructure improvements,
industrial restructuring, and green technology spillovers facilitated by the BRI. In key
environmental protection cities, the amplified effect indicates that pre-existing regulatory
stringency creates a conducive environment for leveraging the BRI’s green opportunities,
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suggesting complementarity rather than trade-off between environmental regulation and
development initiatives. The significant reductions observed in old industrial base cities
are particularly encouraging, as these regions have historically struggled with carbon
lock-in and structural rigidities. This finding implies that the BRI may serve as a catalyst
for breaking path dependence and facilitating green transformation in traditionally high-
carbon regions. The stronger effect in non-logistics hub cities also warrants attention,
as it may reflect a latecomer advantage whereby these cities bypass carbon-intensive
development stages by directly adopting cleaner technologies and practices facilitated by
the BRI

Regarding the replicability of the BRI experience in other developing regions, our
findings suggest a more nuanced interpretation. The marked heterogeneity observed
across Chinese regions with varying institutional capacities, industrial structures, and
development stages implies that successful application abroad requires deep contextual
adaptation rather than mechanical transplantation. The environmental effectiveness of
the BRI in host countries likely depends critically on their institutional endowments,
governance quality, and stage of development. This perspective aligns with the growing
consensus in development economics that institutional compatibility and local ownership
are essential determinants of policy effectiveness in cross-country settings.

Despite its contributions, this study has several limitations that warrant consideration.
First, data constraints may introduce measurement errors in city-level energy statistics,
and the use of linear interpolation to impute missing values could artificially smooth
the data and potentially overstate model fit. Limited data availability also prevented us
from examining several potentially important mechanisms, including green technology
spillovers, R&D investment, and heterogeneity related to digitalization. Second, from a
methodological perspective, although we conducted parallel trend and placebo tests, the
possibility of unobserved time-varying confounders cannot be entirely dismissed, and serial
correlation may persist in long panels. Our instrumental variable—historical Silk Road
status—likely falls short of satisfying the exclusion restriction, as historical factors may
exert a direct influence on current environmental outcomes through persistent channels.
Furthermore, the mediation analysis captures associational rather than causal relationships,
given the strong and untestable assumptions it entails. Third, the analysis is limited to
Chinese prefecture-level cities, which constrains the generalizability of our findings to
other institutional settings along the broader Belt and Road region. Future research should
seek to address these limitations by leveraging richer datasets, more robust identification
strategies, and cross-country comparative designs.

7. Conclusions and Policy Implications
7.1. Conclusions

The BRI presents new opportunities for China’s low-carbon transition. Treating the
BRI as a quasi-natural experiment, this study employs a DID model using panel data
from 282 Chinese cities over the period 20032023 to systematically examine the initiative’s
impact on CEI of cities along the routes. The main findings are as follows: (1) The BRI signif-
icantly reduces CEI in cities along its routes, a conclusion that withstands a comprehensive
battery of robustness and endogeneity tests. (2) The results of the mechanism analysis
indicate that the BRI lowers CEI through three channels: industrial structure optimization,
energy intensity reduction, and enhanced market integration. (3) Moderation analysis
demonstrates that government intervention strengthens the carbon-reducing effect of the
BRI. (4) Heterogeneity analysis indicates that the impact of the BRI varies across regions and
city types. Geographically, central and western cities exhibit a more pronounced decline
in CEI than eastern cities. Regarding environmental regulation, the effect is significantly
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stronger in key environmental protection cities. In terms of industrial foundation, the BRI
yields greater reductions in old industrial base cities. Finally, concerning logistics hub
status, the effect is larger in non-logistics hub cities than in logistics hub cities.

7.2. Policy Implications

Based on the above conclusions, the policy implications are as follows.

First, drawing on the baseline findings that the BRI significantly reduces CEI, the
initiative offers a strategic opportunity for cities along its routes to pursue low-carbon
development. To capitalize on this, policymakers and regulators are advised to actively
guide and encourage market participants to undertake technological upgrades for im-
proved energy efficiency and reduced emissions, which will spur the transition to a green,
low-carbon economy and propel long-term sustainable development.

Second, consistent with the mediation analysis, the BRI lowers CEI in Chinese cities
primarily by promoting industrial structure optimization, reducing energy intensity, and
alleviating market fragmentation. In response, municipal governments should priori-
tize industrial transformation by fostering a modern, green, and low-carbon industrial
system. Specific actions include implementing robust regulatory frameworks for key
energy-consuming sectors, enforcing dual control over total energy consumption and en-
ergy intensity, phasing out outdated production capacity, and advancing regional market
integration to enhance resource allocation efficiency.

Third, the moderation analysis confirms that government intervention significantly
amplifies the BRI's carbon reduction effect, underscoring its critical role as a positive
moderator. Accordingly, a multi-level policy intervention system should be established.
Under this framework, central authorities should set clear carbon emission standards and
binding assessment targets, while local governments and financial regulators can provide
complementary support such as preferential tax policies and expanded green credit access
to incentivize compliance and innovation at the firm level.

Fourth, in light of the pronounced heterogeneity in the BRI’s impact on CEI across
different city types, local governments should tailor carbon reduction pathways to local
industrial structures. In central and western cities, governments should focus on the deep
integration of high-tech industries and services, strengthen green technology innovation
and facilitate the export of green standards. In key environmental protection cities, local
authorities must strictly enforce ecological red lines and intensify efforts to regulate and
phase out high-pollution industries. In old industrial base cities, local governments should
establish dedicated funds to support traditional sectors such as steel and chemicals in
adopting energy-saving and carbon-reducing technological upgrades. In non-logistics hub
cities, local governments can leverage ecological and cost advantages, actively attract the
relocation of regional green industries, and foster distinctive low-carbon economies.
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