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Abstract: As a crucial lever for urban governance transfor-
mation, city branding not only strengthens urban identity
and attracts external capital but may also drive green and
low-carbon transformation through reputational effects.
However, existing research has paid limited attention to the
impact mechanisms of city brand value on carbon reduction.
Based on this, using a sample of 262 prefecture-level and
above cities in China from 2002 to 2022, this article analyzes
the impact of city branding on carbon productivity (CPR)
through a multi-period difference-in-differences model based
on the quasi-natural experiment of “National Civilized City”
selection. Results show that the city branding initiative of
National Civilized City can enhance CPR. The findings remain
robust after parallel trend tests, placebo tests, and controlling
for other policy interventions. Heterogeneity analysis indi-
cates that the impact of National Civilized City branding on
CPR is more pronounced in cities with superior geographical
locations, higher brand dependence, and relative brand scar-
city. Mechanism analysis reveals that National Civilized City
branding can improve urban CPR by optimizing energy con-
sumption structure, promoting technological progress, and
increasing labor productivity. The research conclusions pro-
vide policy insights for deepening understanding of the emis-
sion reduction effects of city branding and expanding urban
low-carbon development pathways.
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1 Introduction

As global climate change intensifies and urbanization con-
tinues to advance, coordinating urban economic develop-
ment with carbon reduction has become a critical issue
requiring urgent resolution in urban development (Lei &
Xu, 2025). Research indicates that urban areas contribute 80%
of global carbon emissions, making them the key battle-
ground for achieving the “dual carbon” goals (Fang et al.,
2022; Liu et al., 2014). Against this background, city branding,
as an important lever for urban governance transformation,
can not only enhance urban identity and competitiveness but
may also drive low-carbon transformation through reputa-
tional effects. Existing research shows that high-quality city
brands help concentrate innovation resources, promote
industrial structure optimization, and improve energy utiliza-
tion efficiency, thereby driving carbon emission reduction (de
Jong et al.,, 2016; de Jong, 2019).

From existing research, studies on the relationship
between city branding and carbon reduction mainly focus
on the following aspects: first, from the perspective of city
branding, examining its impact on urban competitiveness,
resident perception, and local identity (Gao et al., 2023;
Swain et al.,, 2024); second, from the carbon reduction per-
spective, exploring urban low-carbon transformation path-
ways and emission reduction effects (Jia et al., 2024; Li
et al.,, 2024); third, from the urban governance dimension,
investigating the interaction mechanisms between brand
building and urban development (Zhu et al., 2019). These
studies provide important insights for understanding the
relationship between city branding and carbon reduction.

However, existing research still has the following lim-
itations: first, insufficient attention has been paid to the
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impact mechanisms of city branding on carbon produc-
tivity (CPR), particularly lacking systematic examination
of how brand reputation influences urban CPR; second,
there is a lack of reliable identification strategies and quan-
titative assessment of the carbon reduction effects of city
branding; third, the action mechanisms and heterogeneous
characteristics of how city branding influences CPR have
not been deeply explored. These issues raise the following
important research questions: first, does and how does city
branding affect urban CPR? Second, through what mechan-
isms are the carbon reduction effects of city branding
achieved? Third, are there differences in the carbon reduc-
tion effects of different types of city branding? Answering
these questions helps not only deepen theoretical under-
standing of the relationship between city branding and
carbon reduction but also provides important insights for
urban low-carbon transformation practices.

From a theoretical significance perspective, this research
enriches the academic content of city brand theory and
low-carbon development research by constructing an analy-
tical framework of city branding and CPR, revealing the
mechanisms through which brand reputation affects urban
low-carbon transformation. From a practical significance
perspective, the research conclusions can provide policy
reference for urban managers in formulating brand-building
strategies and advancing low-carbon transformation, helping
achieve coordinated unity of urban economic development
and environmental protection.

Based on this, using a sample of 262 prefecture-level
and above cities in China from 2002 to 2022, this article
analyzes the impact of city branding on CPR and its
internal mechanisms through a multi-period difference-
in-differences model based on the quasi-natural experi-
ment of “National Civilized City” selection. Compared to
existing research, the marginal contributions of this article
are mainly reflected in: first, it pioneers the incorporation
of city branding into the CPR research framework, system-
atically evaluating the impact of city branding on CPR,
addressing the question of “whether and how it affects.”
While previous studies have extensively examined either
city branding effects on economic outcomes or isolated
environmental policy impacts, our work creates a novel
integration of these previously separate research
streams, advancing a more holistic understanding of how
symbolic urban governance tools affect substantive envir-
onmental outcomes. Second, it constructs theoretical
mechanisms of how city branding influences CPR, veri-
fying the question of “through what mechanisms” via mul-
tiple channels including energy structure optimization,
technological progress (TP), and labor productivity (LP)
improvement. Unlike prior research that often treats
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urban environmental performance as a black bhox, our
multi-pathway analysis unpacks specific causal channels,
contributing to a more nuanced understanding of urban
carbon governance processes that operates through both
direct policy pathways and indirect reputational effects.
Third, it examines heterogeneous effects across different
types of cities from dimensions such as geographical loca-
tion, urban function, and brand scarcity, answering the
question of “whether differences exist,” enriching the the-
oretical connotations of city brand and low-carbon devel-
opment research. This heterogeneity analysis moves
beyond the average treatment effects typically reported
in urban policy studies to provide context-specific insights,
acknowledging that city branding effects are moderated by
structural and institutional factors rather than operating
uniformly across diverse urban environments.

The remainder of this article is organized as follows:
Section 2 presents the literature review and research
hypotheses; Section 3 introduces the research design,
including data sources, variable definitions, and model
specification; Section 4 presents the empirical analysis,
including baseline regression, robustness tests, heteroge-
neity analysis, and mechanism tests; Section 5 presents
research conclusions and policy recommendations.

2 Literature Review and Hypothesis
Development

2.1 Literature Review

In the context of globalization, cities serve as crucial car-
riers of regional economic development and environ-
mental governance, with their brand-building and CPR
improvement becoming focal points of academic attention.
Dinnie’s (2010) seminal work on city branding defines it as
“the practice of applying brand strategy and other mar-
keting techniques and disciplines to the economic, social,
political and cultural development of cities, regions and
countries.” This definition underscores the multidimen-
sional nature of city branding beyond mere marketing
(Dinnie, 2010). Lucarelli and Berg (2011) further categorized
city branding research into general, branding process, and
evaluation studies, demonstrating the field’s evolution
from tactical promotion to strategic governance (Lucarelli
& Berg, 2011). As Lucarelli (2018) argues, city branding has
increasingly become a form of urban policy with signifi-
cant implications for sustainable development (Lucar-
elli, 2018).
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Research on city branding has evolved from city mar-
keting to city brand development. Early studies primarily
focused on urban image promotion and marketing strate-
gies, but as theory deepened, scholars began emphasizing
city branding as a systematic project requiring the integration
of various urban resources and stakeholders. Research indi-
cates that successful city branding requires joint participation
from government, enterprises, and residents to achieve sus-
tainable urban development through enhanced urban com-
petitiveness and resident identification (Ma et al, 2020;
Zhao, 2024). Furthermore, city branding encompasses mul-
tiple dimensions including urban culture and ecological
environment, which collectively constitute the core value of
urban brands (Zhang et al., 2024).

The relationship between city branding and sustain-
able development has received significant attention as
well. Dinnie (2010) has conceptualized city branding as a
strategic approach that involves the creation and manage-
ment of emotional and psychological associations with a
city (Dinnie, 2010). His work highlights how city branding
goes beyond mere promotion to become an integral part of
urban governance systems across the globe. Lucarelli and
Berg (2011) conducted a comprehensive review of city
branding literature, identifying how city branding prac-
tices affect various dimensions of urban development
including environmental sustainability (Lucarelli & Berg,
2011). Warren and Dinnie (2018) further examined how place
branding professionals influence policy decisions, suggesting
that brand-building activities often drive governance trans-
formations through both formal and informal mechanisms
(Warren & Dinnie, 2018). Zenker et al. (2017) emphasized that
successful city branding requires integrating multiple stake-
holder perspectives (Zenker et al., 2017), including environ-
mental considerations, to achieve truly sustainable urban
development.

In the context of environmental governance specifically,
studies from diverse geographic contexts have demonstrated
how city branding initiatives impact sustainability outcomes.
Pasquinelli (2014) documented how European cities have
leveraged green city branding to attract sustainable invest-
ments and promote ecological innovation (Pasquinelli, 2014).
Andehn et al. (2020) explored how city brand identity con-
struction affects policy prioritization, including environ-
mental policies (Andehn et al., 2020).

Regarding urban CPR research, scholars have primarily
explored it from perspectives of TP, industrial structure opti-
mization, and environmental regulation. Studies reveal that
urban CPR improvement is influenced by multiple factors,
with innovation drive and industrial upgrading serving as
key drivers (Lei & Xu, 2024; Lu & Ma, 2023). Additionally,
new driving forces such as digital economy development
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and green technology innovation have significantly promoted
urban CPR improvement (Liu et al., 2024b). Particularly at
the urban agglomeration scale, CPR exhibits notable spatial
heterogeneity, with such differences closely related to urban
development stages and industrial structure (Chen
et al., 2024).

In recent years, the implementation of low-carbon city
pilot policies has provided new perspectives for studying
urban CPR. Empirical research shows that low-carbon city
construction has significantly enhanced urban CPR, with
this effect more pronounced in eastern regions and central
cities (Song et al, 2023). Meanwhile, the coordinated
advancement of urban green innovation and environ-
mental governance has also provided new approaches
for improving CPR (Liu et al., 2024a).

However, existing research has paid limited attention
to the interactive relationship between city branding and
CPR. In fact, as an important means of enhancing urban
competitiveness, the synergistic improvement of city
branding and CPR holds significant theoretical and prac-
tical implications. On one hand, strong city brands help
attract green innovation resources and environmental pro-
tection industry clusters, thereby promoting CPR improve-
ment; on the other hand, higher CPR can enhance a city’s
green development image, strengthening city brand value.
Research on this bidirectional interactive relationship not
only enriches urban development theory but also provides
new ideas and directions for urban transformation
development.

In the context of environmental governance specifi-
cally, studies from diverse contexts have demonstrated
how various governance structures and institutional fac-
tors impact sustainability outcomes. Research by Mao et al.
(2024) found that Party organization embedding signifi-
cantly enhances the green governance effects of firms
(Mao et al, 2024), particularly in environments with
high-quality internal control. This organizational embed-
ding facilitates green governance by reducing agency costs
and optimizing management decisions. Similarly, Lv et al.
(2024) demonstrated how digital finance significantly
lowers household carbon emissions through mechanisms
of digital transformation (Lv et al., 2024), consumption
structure upgrades, and improved financial literacy. Fu
et al. (2024) comprehensively reviewed interconnections
between climate change, decarbonization, and green
finance, highlighting green finance as a vital tool in addres-
sing environmental challenges (Fu et al., 2024). Lu et al.
(2024) examined the impact of China’s green credit policy
on enterprise digital innovation, finding that implementa-
tion pathways and boundary conditions significantly affect
outcomes (Lu et al, 2024). These studies collectively
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emphasize the importance of institutional arrangements,
financial mechanisms, and policy design in driving envir-
onmental performance improvement. While these studies
provide valuable insights into specific governance mechan-
isms, they have not explicitly examined how city branding,
as a reputation-based governance tool, affects CPR — a gap
our study addresses.

2.2 Research Hypotheses

As urbanization accelerates, city branding has become an
essential component of urban development strategy. City
branding drives urban innovation transformation and sus-
tainable development through shaping urban image and
enhancing urban competitiveness. Dinnie (2010) concep-
tualizes successful city brands as those that achieve distinc-
tiveness, authenticity, memorability, and co-creation with
diverse stakeholders (Dinnie, 2010). This theoretical frame-
work, combined with institutional theory and reputational
economics, provides a robust foundation for understanding
the CPR impacts of city branding. From an institutional per-
spective, city branding creates both formal constraints
through explicit requirements for maintaining designation
status and informal constraints via public expectations and
reputational pressure that collectively shape organizational
behavior within cities (Croad & Lincoln, 2023). These institu-
tional forces can trigger normative isomorphism, whereby
cities adopt environmentally responsible practices to main-
tain legitimacy within their institutional field (Joseph et al.,
2019). Simultaneously, reputational economics suggests that
city brands function as credible signals that reduce informa-
tion asymmetries between cities and potential investors, resi-
dents, or businesses (Li & Jiang, 2024; Su et al., 2018). Once
established, these reputational assets require ongoing main-
tenance through consistent performance, creating strong
incentives for sustained environmental governance improve-
ments rather than one-time adjustments (Graham & Cascio,
2018; Thomas et al., 2022). Together, these theoretical perspec-
tives help explain why city branding can attract high-quality
talent, advanced technology, and premium capital resources,
promoting industrial structure optimization and upgrading,
which lays the foundation for improving urban CPR.

From a pathway mechanism perspective, city branding
influences urban CPR through multiple channels including
technological innovation effects, industrial structure effects,
and resource allocation effects. High-quality city brands help
concentrate innovation resources, stimulate enterprise R&D
investment, and promote low-carbon technology innovation
and application, thereby enhancing economic output per unit
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of carbon emissions. Meanwhile, city branding guides indus-
trial structure transformation toward low-carbon and high-
end directions, promoting traditional energy-intensive
industries’ transformation and upgrading, developing stra-
tegic emerging industries and modern service sectors, and
optimizing urban industrial structure (Hou et al., 2024; Song
et al., 2023).

From practical experience, many cities have incorpo-
rated concepts such as low-carbon, green, and innovation
into their urban development planning during brand
building, attracting quality enterprises, and promoting
industrial clustering through improving infrastructure,
business environment, and public services. This high-
quality development model is conducive to improving
resource allocation efficiency and energy utilization effi-
ciency, achieving decoupling of economic growth from
carbon emissions, and thereby enhancing urban CPR
(Chen et al., 2024; Ma & Wu, 2022).

Based on the above analysis, this article proposes the
following research hypothesis:

H1: City branding is conducive to improving urban CPR.

3 Research Design

3.1 Data Sources

The research data for this study primarily come from mul-
tiple authoritative statistical databases and yearbooks.
Energy consumption data required for carbon emissions
calculation is sourced from the China Energy Statistical
Yearbook (2002-2022), including consumption data for
major energy types such as coal, oil, and natural gas.
Urban economic and social development data is mainly
derived from the China City Statistical Yearbook, China
Statistical Yearbook, and provincial statistical yearbooks
from 2002 to 2022. To ensure data continuity and reliability,
we supplemented missing values for certain years using
the latest revised data published on the National Bureau
of Statistics official website and addressed sparse missing
data through linear interpolation, ultimately constructing
a balanced panel dataset covering 262 prefecture-level and
above cities. Additionally, we consulted annual National
Economic and Social Development Statistical Bulletins
from each city to obtain more detailed urban development
data, providing robust data support for the research.

It is important to note that China’s administrative divi-
sions categorize cities into several levels. Prefecture-level
cities represent the second level in this administrative hier-
archy, below provincial-level divisions and above county-
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level divisions. These cities typically govern surrounding
counties and have significant administrative autonomy.
“Above prefecture-level” also includes municipalities
directly under central government control (Beijing,
Shanghai, Tianjin, and Chongqing), which have provin-
cial-level status. This study focuses on these urban centers
as they represent China’s major economic and population
hubs with substantial influence on national carbon
emissions.

3.2 Variable Definitions

The dependent variable in this study is urban CPR, defined
as the ratio of regional GDP to carbon emissions.
Considering the disparities in regional development levels,
using total carbon emissions alone cannot accurately
reflect cities’ emission reduction effectiveness; therefore,
adopting the relative indicator of CPR is more reasonable.
Carbon emissions calculation follows the IPCC (2006)
recommended methodology, comprehensively considering
the actual consumption of nine major energy sources: coal,
coke, gasoline, kerosene, fuel oil, diesel, natural gas, heat,
and electricity. To eliminate price fluctuation effects, we
deflated regional GDP using 2002 as the base year, ensuring
data comparability.

The core explanatory variable is a dummy variable
(NCC) for the “National Civilized City” selection, taking a
value of 1 when a city receives or maintains the National
Civilized City designation in a given year, and 0 when not
designated or loses the title due to failed review. During
sample screening, to ensure comparability of research sub-
jects and data availability, we excluded district and county
samples from municipalities directly under the central gov-
ernment, prefecture-level cities in the Tibet Autonomous
Region, and city samples that underwent major administra-
tive division adjustments, ultimately identifying 129 cities as
the treatment group. The “National Civilized City” designation
represents China’s highest recognition for urban comprehen-
sive development. Initiated by the Central Commission for
Guiding Cultural and Ethical Progress in 2003 and first imple-
mented in 2005, this program evaluates cities based on four
key dimensions: cultural and ethical development, urban
infrastructure, social undertakings, and improvements in
people’s livelihood. The selection follows a rigorous process
including city application, provincial recommendation, cen-
tral review, media publicity, and comprehensive evaluation,
with reassessments conducted every three years. This presti-
gious designation functions as a valuable “gold signboard”
in inter-city competition, with only a small percentage of
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Chinese cities achieving this status despite growing participa-
tion rates.

Our treatment variable employs a binary indicator
for National Civilized City designation, reflecting the
inherently discrete nature of this recognition. This metho-
dological choice aligns with the quasi-experimental differ-
ence-in-differences framework, which identifies causal
effects through clear demarcation between treatment and
control states. The designation itself represents a threshold
achievement that triggers substantial public recognition,
media coverage, and policy attention, making a binary
indicator conceptually appropriate. Moreover, the detailed
scoring data from the evaluation process remains confi-
dential, precluding the construction of continuous mea-
sures of “branding intensity.”

To control for other factors affecting CPR, we selected a
series of control variables based on established theoretical
frameworks in urban carbon emission studies and prior
empirical evidence. Financial development level (FIN),
measured by the ratio of financial institution loan balance
to GDP, is included because financial markets influence
resource allocation efficiency and technology adoption pat-
terns critical for carbon reduction. Economic development
scale (SCALE), represented by the natural logarithm of
population size, controls for city size effects, as larger cities
typically benefit from economies of scale in infrastructure
but may face greater coordination challenges in emission
reduction. Degree of openness (OPEN), measured by the
ratio of total imports and exports to GDP, accounts for
how international trade exposure affects production tech-
nology transfer and environmental standards adoption.
Human capital level (HC), indicated by the logarithm of
higher education students per 10,000 population, captures
a city’s knowledge base and innovation capacity, crucial
factors in developing and implementing low-carbon tech-
nologies. Government intervention degree (GOV), mea-
sured by the ratio of fiscal expenditure to GDP, controls
the public sector’s role in environmental governance and
infrastructure investment. Industrial structure advance-
ment (STR), represented by the tertiary industry’s value-
added proportion in GDP, accounts for the well-established
relationship between services-oriented economies and
lower carbon intensities.

While we considered additional controls such as spe-
cific environmental policies and more detailed industrial
composition variables, their inclusion presented chal-
lenges including data availability limitations across our
expansive sample period and high collinearity with our
existing control set. However, our city-fixed effects capture
time-invariant city characteristics, while city-specific time
trends and year-fixed effects account for much of the time-



6 =—— Xin Zhao et al.

varying policy environment, mitigating concerns about
omitted variable bias from these factors.

3.3 Model Specification

Our empirical strategy employs a multi-period difference-
in-differences approach to evaluate how National Civilized
City designation affects urban CPR. This methodology
offers distinct advantages for our research context. First,
it accounts for the staggered implementation of the
National Civilized City program, where cities received the
designation at different times throughout our study period.
Second, it effectively controls for both time-invariant city
characteristics through city-fixed effects and temporal
shocks affecting all cities through year-fixed effects. The
econometric model is specified as follows:

CPRi[ = ﬁo + BlNCCit + szi[ + 6t + U; + €. (1)

In this specification, CPR;; represents CPR for city i in
year t, measured as GDP output per unit of carbon emis-
sions. Our primary explanatory variable, NCC;, takes a
value of 1 when a city holds the National Civilized City
designation and 0 otherwise. The model includes a com-
prehensive set of time-varying control variables (X;) that
might influence CPR: financial development level, eco-
nomic scale, international openness, human capital, govern-
ment intervention, and industrial structure advancement.
The coefficient of interest, f,, captures the average treat-
ment effect of receiving the National Civilized City designa-
tion on CPR. City fixed effects (¢;) control for time-invariant
characteristics such as geographic location and resource
endowments, while time fixed effects (6;) account for
macroeconomic conditions and national policy changes
affecting all cities simultaneously. The error term (g;)
represents unobserved random factors influencing CPR.

4 Results Analysis

4.1 Data Overview

Before conducting the empirical analysis, this study first
examines the descriptive statistical characteristics of the key
variables to comprehensively understand the basic features
of the sample data. As shown in Table 1, the balanced panel
data constructed in this study contains 5,502 observations.
Regarding the core explanatory variable, the mean value of
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Table 1: Descriptive statistical analysis

Variable  Size Mean S.D. Minimum Maximum
CPR 5,502 0.4400 0.1670 0.0600 1.3360
NCC 5,502 0.1564 0.3634 0.0000 1.0000
FIN 5,502 0.8859 0.5404 0.1122 7.4502
SCALE 5,502 5.9107 0.6065 3.9198 7.6473
OPEN 5502  0.2006  0.4184  0.0004 12.2101

HC 5,502 4.4446 1.2163 2.7536 71787
GOV 5,502 0.1649 0.0858 0.0312 1.4763
STR 5,502 0.9412 0.4872 0.1286 5.4483

“National Civilized City” (NCC) is 0.156, with a standard devia-
tion of 0.363, indicating that approximately 15.6% of cities in
the sample period obtained or maintained the National Civi-
lized City designation. This moderate proportion ensures both
sufficient treatment group samples and maintains the scar-
city and representativeness of this honorary title.

Examining the distribution characteristics of the
dependent variable, CPR, there are notable differences in
CPR levels across cities, reflecting regional heterogeneity in
economic development quality and carbon emission effi-
ciency among Chinese cities. Regarding control variables,
the mean value of financial development level (FIN) is
0.886, with a maximum value reaching 7.450, demon-
strating the imbalance in urban financial development.
The standard deviation of city size (SCALE) is relatively
small at 0.607, indicating relatively stable population size
differences among sample cities. The standard deviation of
the degree of openness (OPEN) reaches 0.418, with signifi-
cant differences between maximum and minimum values,
reflecting vast disparities in city openness levels. The mean
value of human capital level (HC) is 4.445, with a standard
deviation of 1.216, suggesting that there are still certain
gaps in the distribution of educational resources between
cities. The mean value of government intervention degree
(GOV) is 0.165, with a relatively small standard deviation,
indicating relatively balanced government fiscal expendi-
ture intensity. The mean value of industrial structure
advancement level (STR) is 0.941, with a maximum value
reaching 5.448, reflecting differences in cities’ industrial
structure adjustment processes.

4.2 Baseline Model

This research first examined the impact of city branding on
CPR through a quasi-natural experiment of the “National
Civilized City” selection. By constructing a multi-period
difference-in-differences model and controlling for year-
fixed effects, city-fixed effects, and relevant control



DE GRUYTER

Table 2: City branding and CPR

Variable 1) (2)
CPR CPR
NCC 0.0381*** 0.0116***
(0.0074) (0.0064)
N 5,502 5,502
Controls YES YES
City YES YES
Year YES YES
City x Year No YES
Adjust R? 0.798 0.875

Note: Robust standard errors clustered at the city level are reported in
parentheses; *** ** and * indicate statistical significance at the 1, 5,
and 10% levels, respectively.

variables, the study finds that city branding has a significant
positive effect on CPR. Specifically, as shown in Table 2, when
controlling only for basic fixed effects, obtaining the “National
Civilized City” title increases a city’s CPR by 3.81 percentage
points on average, with statistical significance. Furthermore,
when considering city heterogeneity characteristics and
including the interaction terms between city dummy vari-
ables and time trends, this enhancement effect remains sig-
nificant at 1.16 percentage points. This finding indicates that
city branding can indeed positively impact urban low-carbon
transformation through reputation effects. This influence
may stem from the following mechanisms: First, obtaining
the National Civilized City title increases social attention
and public expectations for the city, compelling it to place
greater emphasis on environmental protection during devel-
opment. Second, the creation process of a civilized city itself
includes an assessment of urban environmental governance
capabilities, and this institutional constraint can urge cities to
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adopt more proactive emission reduction measures. Finally,
the enhancement of city brands often accompanies the opti-
mization of industrial structure and improvement of innova-
tion capabilities, all of which help improve CPR.

4.3 Robustness Tests
4.3.1 Parallel Trend Test

To verify the reliability of the research conclusions, this
study first conducts parallel trend tests. In 2005, the nation
launched its first “National Civilized City” evaluation and
commendation activity. We set 2004 as the base period and
uniformly categorize the fourth period after policy imple-
mentation and subsequent periods as the fourth period.

The graphical representation in Figure 1 provides
visual confirmation of the parallel trends assumption cri-
tical to our difference-in-differences approach. Prior to
policy implementation, the treatment and control groups
exhibit remarkably similar trajectories in CPR, with confi-
dence intervals that clearly overlap. To further substantiate
this visual evidence, we conducted formal statistical tests by
estimating a dynamic model with leads and lags of the treat-
ment variable.

4

CPRy = a+ ) BNCCipk + yXie + & + 1 + €,
k=-4

@)

where the coefficients on the lead terms (5_, to f_;) capture
potential anticipatory effects or pre-existing differences before
treatment. The coefficients on pre-treatment periods show no
statistically significant differences between treatment and con-
trol groups, confirming the absence of anticipatory effects or

H H H T
0.1004+- W 95% Confidence Interval
0.075 1
0.050 -

0.025

Estimated Effect

0.000

-0.025
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Figure 1: Parallel trends test.
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Figure 2: Placebo test.

pre-existing divergent trends. Conversely, the post-treatment
coefficients reveal a progressive strengthening of the effect
over time, with increasingly positive and significant values.
This gradual intensification aligns with our theoretical under-
standing that city branding influences operate through cumu-
lative mechanisms rather than instantaneous adjustments, as
both reputational effects and structural changes require time
to fully materialize within urban governance systems.

4.3.2 Placebo Test

Regarding the placebo test, as shown in Figure 2, this study
randomly selected 129 cities from the 262 city samples as

Table 3: Multi-dimensional robustness tests

Variable 1) (2) 3)
PSM-DID Innovation Low-carbon
City Pilot City Pilot
CPR CPR CPR
NCC 0.0351*** 0.0319*** 0.0354***
(0.0074) (0.0074) (0.0073)
INNO 0.0397***
(0.0104)
CARB 0.0426***
(0.0110)
N 5,285 5,502 5,502
Controls YES YES YES
City YES YES YES
Year YES YES YES
Adjust R? 0.806 0.801 0.801

Note: Robust standard errors clustered at the city level are reported in
parentheses; *** ** and * indicate statistical significance at the 1, 5,
and 10% levels, respectively.

the treatment group and randomly generated policy imple-
mentation years to construct virtual policy variables.
Repeating this process 500 times yielded kernel density
distributions and P-value distributions of 500 coefficient
estimates. The kernel density plot of coefficient estimates
from 500 iterations with randomly assigned treatment
status demonstrates that our actual treatment effect (indi-
cated by the black dashed line at 0.0381) lies well outside
the distribution of random effects. Quantitatively, less
than 2.5% of random assignments produced effects of
similar magnitude, effectively establishing a non-para-
metric p-value below conventional significance thresholds.
This confirms that our findings represent genuine policy
impacts rather than statistical artifacts.

4.3.3 PSM-DID Method and Excluding Other Policy
Interferences

Second, considering the potential impact of self-selection
bias, this study employs the propensity score matching
(PSM) method, using 0.05 as the caliper value for sample
matching. As shown in Table 3, the regression results based
on the matched samples remain significantly positive at
the 1% level, with the estimated coefficient maintaining
at 3.51 percentage points, further supporting our core find-
ings. Additionally, to exclude interference effects from
other city honorary titles, this study also controls for the
impacts of two important policies: innovative city pilot
programs and low-carbon city pilot programs. The results
show that even when simultaneously considering these
policy effects, the positive impact of the National Civilized
City title on CPR remains robust. Particularly noteworthy is
that through placebo tests involving random selection of
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Table 4: Additional robustness tests

Variable 1) (2) 3)
PCE CPR CPR
NCC —-0.0298*** 0.0377*** 0.0364***
(0.0070) (0.0072) (0.0075)
N 5,502 3,937 5,502
Controls YES YES YES
City YES YES YES
Year YES YES YES
Adjust R 0.766 0.795 0.789

Note: Robust standard errors clustered at the city level are reported in
parentheses; *** ** and * indicate statistical significance at the 1, 5,
and 10% levels, respectively.

treatment groups and generation of virtual policy timing,
this study again verified the reliability of the research con-
clusions. This series of rigorous robustness tests not only
enhances the persuasiveness of the research conclusions
but also provides a solid empirical foundation for under-
standing the relationship between city branding and low-
carbon development.

4.3.4 Other Robustness Tests

Table 4 presents additional robustness checks that further
validate our main findings. In columns 1, we employ alter-
native outcome measures to verify that our results are not
sensitive to the specific measurement of environmental
performance. Per capita emissions (PCE) decreased by
2.98 percentage points (p < 0.01) in designated cities. In
column 2, we test the temporal stability of our findings by
restricting the analysis to different time windows. Column 2

Table 5: Heterogeneity analysis

Can Urban “Gold Signboards” Yield Carbon Reduction Dividends?

-_ 9

excludes the earliest and latest years (2005-2019). The NCC
coefficient remains remarkably stable at 0.0377. We also
address concerns about spatial correlation in the error terms
by employing different approaches to standard error clus-
tering. While our main analysis uses city-level clustering,
column 3 clusters at the province level to account for poten-
tial within-province correlation. The statistical significance of
the NCC coefficient persists across all these specifications,
alleviating concerns about inflated significance due to error
correlation.

4.4 Heterogeneity Analysis

In-depth research reveals significant heterogeneous char-
acteristics in the impact of city branding on CPR. As shown
in Table 5, from a geographical location perspective, the
enhancement effect of the National Civilized City title on
CPR in eastern cities (4.24 percentage points) is signifi-
cantly higher than in central and western cities (3.75 per-
centage points). This difference reflects the importance of
regional development environments: eastern cities gener-
ally possess more open institutional environments, more
abundant talent accumulation, and higher levels of mar-
ketization, these advantageous conditions enable them to
better transform brand reputation into actual emission
reduction momentum. From the perspective of city func-
tional positioning, the brand effect in excellent tourism
cities (3.47 percentage points) is notably stronger than in
non-tourism cities (2.63 percentage points), indicating that
cities dependent on tourism development often pay more
attention to environmental quality and are more willing
to maintain their city image through environmental

Variable (1) (2) 3) (4) (5) (6)
Eastern Central and Excellent Non-excellent Brand-rich Brand-scarce
cities Western cities tourism cities tourism cities cities cities
CPR CPR CPR CPR CPR CPR

NCC 0.0424*** 0.0375*** 0.0347*** 0.0263 0.0230*** 0.0428***
(0.0119) (0.0078) (0.0074) (0.0231) (0.0088) (0.0108)

N 2,035 3,467 4,181 1,321 2,090 3,412

Controls YES YES YES YES YES YES

City YES YES YES YES YES YES

Year YES YES YES YES YES YES

Adjust R? 0.821 0.784 0.802 0.793 0.816 0.792

Test P-value 0.045 0.009

Note: Robust standard errors clustered at the city level are reported in parentheses; ***, ** and * indicate statistical significance at the 1, 5, and 10%

levels, respectively.
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protection investments and industrial structure optimiza-
tion. Analyzing from the perspective of brand scarcity,
cities in a state of brand scarcity demonstrate stronger
effects (4.28 percentage points), significantly higher than
brand-rich cities (2.30 percentage points). This phenom-
enon reveals the marginal effect law of brand resources:
for regions that have not yet accumulated sufficient city
honors, the reputation enhancement brought by the
National Civilized City brand is more significant, thus sti-
mulating stronger construction momentum and greater
investment intensity.

4.5 Further Extensions

Understanding how city branding influences CPR requires
exploring the underlying mechanisms that connect sym-
bolic urban governance to substantive environmental
outcomes. We developed a comprehensive analytical fra-
mework to examine three potential pathways: energy
structure optimization, technological innovation, and effi-
ciency improvement. Each pathway represents a distinct
but complementary process through which city branding
might transform urban carbon governance. First, for
energy consumption structure (ECS), we quantified the
proportion of coal consumption within a city’s total energy
consumption mix. This measure directly captures the
carbon intensity of the energy portfolio, as coal has sub-
stantially higher emission factors compared to cleaner
alternatives like natural gas or renewable sources.
Second, for TP, we utilized the natural logarithm of granted

Table 6: Mechanism test
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invention patents, which represents the actual innovation
output of a city rather than merely innovation inputs (like
R&D expenditure). Invention patents, compared to other
patent types, require higher levels of novelty and techno-
logical advancement, making them particularly suitable
for capturing meaningful TP relevant to CPR. Third, for
LP, we measured the ratio of industrial added value to
year-end labor employment, focusing specifically on the
industrial sector given its outsized contribution to urban
carbon emissions in China. This indicator reflects how effi-
ciently human resources are utilized in value creation rela-
tive to resource consumption and emissions. For each
mechanism, we employed a two-step approach: first testing
whether NCC designation significantly impacts the mechanism
variable, then examining whether the mechanism variable
significantly affects CPR, while controlling for other factors.

As shown in Table 6, first, the ECS pathway demon-
strates how National Civilized City designation transforms
urban energy portfolios. Cities obtaining this prestigious
designation exhibit a significant reduction in coal con-
sumption relative to other energy sources (coefficient of
-0.0210, significant at the 5% level). This shift toward
cleaner energy alternatives directly contributes to CPR
improvement (coefficient of —0.1426, significant at the 1%
level). The relationship suggests that city branding creates
both policy imperatives and public expectations for envir-
onmental responsibility, compelling local governments to
prioritize lower-carbon energy sources in urban develop-
ment planning.

The technological innovation pathway reveals another
important mechanism. National Civilized City designation

Variable (1) (2) (3) (4) (5) (6)

ECS CPR P CPR LP CPR
NCC -0.0210** 0.0357*** 0.3370*** 0.0319*** 0.1406***
0.0354***

(0.0082) (0.0074) (0.0451) (0.0074) (0.0392) (0.0073)
ECS -0.1426***

(0.0285)
TP 0.0184***
(0.0052)
LP 0.0192*%**
(0.0058)

N 5,502 5,502 5,502 5,502 5,502 5,502
Controls YES YES YES YES YES YES
City YES YES YES YES YES YES
Year YES YES YES YES YES YES
Adjust R? 0.786 0.802 0.815 0.801 0.798 0.801

Note: Robust standard errors clustered at the city level are reported in parentheses; ***, ** and * indicate statistical significance at the 1, 5, and 10%

levels, respectively.
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significantly boosts innovation output as measured by
invention patents (coefficient of 0.3370, significant at the
1% level). This enhanced innovative capacity subsequently
drives improvements in CPR (coefficient of 0.0184, signifi-
cant at the 1% level). This mechanism operates through
multiple channels: city branding attracts innovative enter-
prises and talent, enhances local innovation ecosystems,
and creates supportive environments for developing and
deploying low-carbon technologies across economic
sectors.

The third pathway operates through industrial effi-
ciency improvements. Given that China’s carbon emissions
predominantly originate from industrial activities, effi-
ciency gains in this sector are particularly important
for CPR. Our analysis confirms that civilized cities achieve
substantially higher LP in industrial sectors (coefficient
of 0.1406, significant at the 1% level), which translates
directly into CPR improvements (coefficient of 0.0192,
significant at the 1% level). This suggests that cities pur-
suing prestigious branding designations implement more
effective industrial policies that simultaneously enhance
economic value creation and reduce environmental
impacts.

The quantitative test results of these three mechan-
isms reveal the complex pathways through which city
branding promotes low-carbon development: on one
hand, it compels energy structure optimization through
enhanced environmental governance requirements; on
the other hand, it attracts innovative element clustering
through brand effects, driving TP; meanwhile, it promotes
industrial upgrading and efficiency improvement during
the creation process. These mechanisms interact and
work synergistically, ultimately achieving overall improve-
ment in CPR. The empirical results not only confirm
theoretical expectations but also provide important impli-
cations for urban low-carbon transformation policy formu-
lation: city branding is not merely an honorary symbol but
an important tool for promoting green development, and
policy-makers should fully recognize and utilize this tool’s
multi-dimensional value.

5 Conclusions and Policy
Recommendations

5.1 Research Conclusions

Based on panel data from 262 prefecture-level and above
cities in China from 2002 to 2020, this study systematically
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examines the impact of city branding on CPR using a multi-
period difference-in-differences approach. The research
finds that obtaining the “National Civilized City” designa-
tion significantly enhances urban CPR, a conclusion that
remains robust after a series of rigorous tests including
parallel trend tests, placebo tests, and PSM. Specifically,
cities receiving the National Civilized City title experience
an average increase in CPR of 3.81 percentage points, with
this effect maintaining significance at 1.16 percentage
points even after controlling for city heterogeneity charac-
teristics. In-depth heterogeneity analysis reveals that this
promotional effect is more pronounced in eastern cities,
excellent tourism cities, and cities with brand scarcity,
reflecting the crucial moderating roles of regional environ-
ment, industrial characteristics, and brand resource
endowment in urban low-carbon transformation pro-
cesses. Mechanism tests further reveal that city branding
ultimately achieves CPR improvement through the syner-
gistic effects of three pathways: promoting energy struc-
ture optimization, facilitating technological innovation,
and enhancing LP. These findings not only enrich the aca-
demic understanding of city brand theory and low-carbon
development research but also provide new perspectives
for formulating urban green transformation policies.

5.2 Policy Recommendations

Based on the above research conclusions, this study pro-
poses the following policy recommendations:

First, policymakers should fully recognize the positive
role of city branding in promoting low-carbon transforma-
tion, organically combining environmental governance
with city brand building, and establishing and improving
a city evaluation system centered on environmental
performance.

Second, considering the importance of regional devel-
opment environments, central and western cities should
accelerate the improvement of infrastructure construction,
optimize business environments, and strengthen talent
policies to create favorable conditions for fully leveraging
brand effects.

Third, cities should conduct brand building according
to their functional positioning and local conditions.
Tourism cities may focus on creating ecological livability
brands, while industrial cities can emphasize developing
green manufacturing brands. Cities with relatively scarce
brand resources should seize brand-building opportunities
to enhance environmental governance capabilities through
the pursuit of civilized city status.
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Fourth, attention should be paid to leveraging the com-
prehensive effects of brand building, coordinating the
advancement of energy structure adjustment, technolo-
gical innovation, and industrial upgrading to form a
multi-dimensional collaborative pattern of low-carbon
development.

Finally, drawing from both Chinese experiences and
international best practices (Dinnie, 2010; Lucarelli &
Berg, 2011), we recommend establishing long-term
mechanisms for city brand building, incorporating envir-
onmental governance into normalized urban develop-
ment work to ensure the sustained effectiveness of brand
effects and promote cities toward high-quality green
development paths. This approach aligns with global
trends in which cities increasingly integrate brand man-
agement with sustainability governance to create distinc-
tive competitive advantages while addressing climate
challenges.

5.3 Limitations and Future Outlook

While this study employs a comprehensive research design
to examine the impact of city branding on CPR, several
limitations should be acknowledged. First, although we
control for various urban characteristics and employ a
multi-period difference-in-differences design, unobser-
vable time-varying factors may still affect our results.
Second, the measurement of carbon emissions relies on
energy consumption data, which might not fully capture
all emission sources across cities. The carbon emissions
calculation methodology, although following IPCC guide-
lines, may introduce measurement errors due to the use
of standardized emission factors that might not perfectly
reflect local conditions. Third, while our sample covers 262
prefecture-level and above cities over 21 years, providing
substantial spatial and temporal variation, some cities
might have experienced unique development paths not
fully captured by our control variables. Finally, the
“National Civilized City” designation, as our proxy for
city branding, represents only one specific type of city
branding initiative in China and may not fully capture all
dimensions of city brand-building activities. A methodolo-
gical limitation concerns our primary outcome measure,
CPR. As a ratio indicator combining economic output and
emissions, CPR can be sensitive to fluctuations in either
component, potentially complicating causal inference.
For instance, improvements might stem from genuine effi-
ciency gains or merely reflect economic structure changes
during business cycles. Additionally, since city-level carbon
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emissions must be calculated rather than directly
observed, measurement error remains a concern despite
our consistent application of IPCC methodologies. We
addressed these challenges through several approaches:
employing year fixed effects and city-specific trends to con-
trol for economic cycles, conducting sensitivity analyses
with alternative metrics, and examining mechanism vari-
ables that help distinguish genuine improvements from
statistical artifacts. Nevertheless, future research might
benefit from developing more direct measures of urban
environmental performance that are less sensitive to eco-
nomic fluctuations.
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