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Financial agglomeration contributes to energy efficiency improvement and
carbon emission reduction, but more micro-level evidence is needed to
further support it. Based on the data of high-growth enterprises and bank
branches in China using panel regression analysis, this study examines the
impact of bank agglomeration on carbon intensity of high-growth enterprises.
The results suggest that bank agglomeration facilitates the reduction of carbon
intensity in  high-growth enterprises. Specifically, bank agglomeration
significantly reduces carbon intensity in non-state-owned enterprises, while it
has no significant effect on state-owned enterprises. Compared with state-
owned commercial banks and small banks, the agglomeration of joint-stock
commercial banks has the strongest promoting effect on enterprise carbon
reduction. Bank agglomeration has a particularly significant effect on the
carbon reduction of enterprises in high-energy-consuming industries and
high-polluting industries. Mechanism analysis shows that bank agglomeration
reduces enterprise carbon intensity by promoting innovation, changing energy
structure, and mitigating financial constraint. These findings carry important
policy implications, suggesting that policymakers should leverage financial
agglomeration as a tool for carbon reduction and sustainable development.

bank agglomeration, carbon intensity, carbon reduction, high-growth enterprise,
energy structure, sustainable development

1 Introduction

Global warming has evolved into both a critical environmental issue and a significant
socioeconomic challenge, with profound implications for business operations and public
health (Hasegawa et al, 2016). Excessive CO, emissions, a primary driver of global
warming, obstruct global sustainable development (Wang and Liu, 2017). In pursuit of
a green and low-carbon development model, China has set ambitious goals: “Peaking
Carbon Dioxide Emissions before 2030 and Achieving Carbon Neutrality by 2060.” These
targets represent a proactive response to global environmental concerns (Alt and Dreyer
Lassen, 2006; Fan et al., 2023; Shi, 2022; Wang and Yang, 2018; Xiao et al., 2021; Yu et al.,
2018). The financial system, a key pillar of economic activity, is increasingly recognized for
its vital role in promoting green transformation and reducing carbon emissions. The
agglomeration of financial institutions, in particular, is thought to enhance enterprise
innovation in energy efficiency and emission reduction by providing increased financing
opportunities and resources. Exploring how financial agglomeration affects enterprise
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carbon intensity through various mechanisms helps to deepen our
understanding of finance’s contribution to green development,
facilitates the formulation and implementation of green financial
policies, further optimizes financial resource allocation, and drives
business innovation and transformation within financial
institutions. Moreover, it supports the regulation of energy-
intensive and highly polluting industries, enhancing enterprise
social ~responsibility and environmental awareness, and
supporting the sustainable development of high-growth enterprises.

A series of studies have explored the relationships among
financial development, energy consumption, and carbon
emissions (Al-Silefanee et al., 2022; Bekhet et al., 2017; Esso and
Keho, 2016; Riti et al., 2017; Salahuddin et al., 2018; Shahzad et al.,
2017; Sultana et al.,, 2022; Zhao et al,, 2023). Feng et al. (2023)
investigated the effects of environmental regulation on carbon
intensity, finding that it significantly reduces carbon intensity.
Similarly, Zhang et al. (2024) examined the impact of the central
environmental protection inspection on carbon emission reduction,
suggesting that increased inspections lead local governments and
enterprises to adopt strategies conducive to carbon reduction.
that
development reduces carbon emissions (Shahbaz et al, 2018;
2013; Tamazian and Rao, 2010; Ziolo et al, 2019). Recent

empirical studies have increasingly focused on the impact of

Evidence from different countries shows financial

regional financial agglomeration on carbon emissions. For
instance, Mei et al. (2023) analyzed data from 30 Chinese
provinces between 2010 and 2020, revealing that the relationship
between financial agglomeration and per capita carbon emissions
follows an inverted U-shape. Wang and Zhang (2022) utilized
provincial panel data from China spanning 2005 to 2018 and
employed a panel smooth transition model to empirically test the
nonlinear effects of financial agglomeration on carbon emission
efficiency. Their study found that, at low levels, financial
inhibits
financial agglomeration intensifies, it promotes carbon emission

agglomeration carbon emission efficiency, but as
efficiency. Wu et al. (2023) identified spatial agglomeration
between

development in China. Their study showed that financial

characteristics carbon  emissions and financial
agglomeration can reduce carbon emissions, with a more
pronounced effect in central low-carbon regions and carbon
trading pilot areas.

An important source of carbon emissions is industrial
enterprises, particularly high-growth ones. A growing number of
countries now view high-growth enterprises as engines of industrial
transformation and focal points in political discussions about
economic performance and industrial resilience (Anyadike-Danes
and Hart, 2018; Bleda and del Rio, 2013; Brown et al.,, 2017). In
China, the 14th Five-Year Plan (2021-2025) identifies high-growth
enterprises as a pillar and fundamental force to constructing a
modern industrial system and supply chain modernization.
However, due to their rapid expansion, high-growth enterprises
are likely to face challenges such as high energy consumption, high
carbon intensity, and difficulties in energy conservation and
consumption reduction. Achieving low-carbon transformation
and green development in high-growth enterprises while
maintaining rapid growth is a critical issue with both theoretical
and practical implications. Existing studies primarily examine the

impact of financial support on corporate carbon emissions in terms
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of government subsidies and liability structures (Chen and Li, 2023;
Chen and Zhu, 2022). Few studies have explored the impact of bank
agglomeration on carbon emissions by targeting fast-growth
enterprises. Therefore, this paper aims to explore the impact of
financial development on carbon emissions of fast-growth
enterprises from the perspective of agglomeration economy.

The existing literature has several gaps that need to be addressed.
First, most research measures financial agglomeration based on the
size of financial assets or the number of financial employees,
overlooking the actual geographical distribution of financial
institution branches and, consequently, neglecting spatial factors.
Second, the majority of existing studies adopt a macro perspective,
examining the impact of financial agglomeration on carbon
emissions at the industry or province level with limited focus on
the enterprise level. Third, while research on high-growth
their
industrial distribution, there is insufficient attention to their

enterprises predominantly examines attributes  and

carbon dioxide emissions and the influence of financial
agglomeration on these emissions.

This paper brings geospatial factors into the study, providing
new evidence of bank agglomeration’s influence on carbon intensity
from the micro-level of “enterprise-bank”. Firstly, we analyze the
influence channels from bank agglomeration to enterprise carbon
emissions theoretically. Secondly, we screen out samples of high-
growth enterprises and measure their carbon intensity with the
improved EIO-LCA method. At the same time, using the latitude
and longitude data of enterprises and bank branches, we obtain the
distribution of bank branches within a certain range around
enterprises and calculate the degree of bank agglomeration. Then,
we conduct a series of empirical tests. The findings suggest that the
agglomeration of banks around enterprises can help high-growth
enterprises reduce their carbon intensity. The heterogeneity is
analyzed at the enterprise, bank, and industry levels. Bank
agglomeration significantly promotes the carbon intensity
reduction of non-state-owned enterprises but has no significant
effect on state-owned enterprises. The agglomeration of state-owned
commercial banks, joint-stock commercial banks, and small banks
each has a negative impact on the carbon intensity of high-growth
enterprises, with joint-stock commercial banks exerting the
strongest influence. Through an analysis of industry
heterogeneity, our research reveals that the carbon reduction
effect of bank agglomeration is most pronounced in high-energy-
consuming and high-polluting industries. To clarify the mechanisms
through which bank agglomeration affects the carbon intensity of
high-growth enterprises, we study the mediating effects of enterprise
innovation, energy structure, and financial constraints by
constructing a mediating effect model. Additionally, a series of
robustness tests are conducted to reinforce the findings. Finally,
we address potential endogeneity issues by employing several
approaches, including using the average grade at the county level
and the distance of the county from the coastline as instrumental
variables, adding control variables, and excluding samples from
specific years.

Our research addresses several gaps in the existing literature and
contributes in three key ways that align with these gaps. Firstly, we
refine the measurement of financial agglomeration by incorporating
the geographical distribution of financial institution branches.

Unlike most studies that rely solely on the size of financial assets
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or the number of financial employees, our novel approach uses the
actual addresses of bank branches to calculate the degree of bank
agglomeration around enterprises. This enhanced measurement
captures spatial factors more accurately, providing a clearer and
more detailed depiction of financial agglomeration and its
environmental impact. Secondly, our study provides valuable
micro-level evidence on the environmental consequences of
financial agglomeration, specifically at the enterprise level. While
existing research predominantly focuses on macro-level impacts,
such as those at the industry or city level, our analysis explores how
financial agglomeration influences the carbon intensity of individual
high-growth enterprises. This micro-level perspective complements
broader studies and offers detailed insights that are crucial for
formulating effective carbon reduction strategies at the enterprise
level. Thirdly, we focus on the low-carbon development of high-
growth enterprises, a topic that has received limited attention in
previous studies. By analyzing the CO, emissions of these
enterprises, we not only fill a significant gap in the literature but
also provide practical guidance for high-growth enterprises to
enhance their social responsibility and environmental practices.
Our research highlights the specific pathways through which
financial agglomeration can support the sustainable development
of these dynamic businesses. Through these contributions, our
research enhances the understanding of financial institutions,
both
internationally. It provides essential support for promoting low-

businesses, and  policymakers domestically  and
carbon economic practices, optimizing financial resource allocation,
and driving business innovation and transformation in the context
of green development. Furthermore, by offering micro-level insights
into the environmental impact of financial agglomeration, our study
has significant international relevance, offering valuable lessons for
global efforts in reducing carbon emissions and achieving
sustainable development goals.

The remainder of this paper is organized as follows. Section 2
presents the theoretical analysis and research hypotheses. Section 3
describes the data, variables, and descriptive statistics. In Section 4,
we present the empirical facts and main results, discuss endogeneity
issues, perform robustness checks, and conduct a heterogeneity
analysis. Section 5 analyzes the underlying mechanisms, and
Section 6 concludes the paper.

2 Theoretical hypotheses

The degree of competition in the banking industry influences the
scale and cost of loans available to enterprises, thereby affecting their
behavior (Beck et al., 2006; Love and Peria, 2015). Consequently,
bank competition can impact the carbon intensity of high-growth
enterprises. One indicator of intense bank competition is the
aggregation of bank branches. Moreover, bank agglomeration
signals increased business activity and higher demand for loans
from businesses and individuals in surrounding areas. From the
perspective of high-growth enterprises, bank agglomeration
facilitates access to sufficient and high-quality financial services,
which is more conducive to their development (Fan et al., 2023).
Several studies have confirmed that financial agglomeration
positively affects regional and industrial carbon emission
reduction (Sai et al., 2023; Wu et al, 2022). When high-growth
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enterprises receive better financial services, they are motivated to
improve operational quality, which, in turn, helps reduce carbon
emissions per unit of output. Additionally, high-growth enterprises
are likely to place greater emphasis on social responsibility, which is
often reflected in the gradual reduction of carbon intensity (Gao
et al., 2024). Then we propose hypothesis 1.

Hypothesis 1: Bank agglomeration promotes high-growth
enterprise carbon intensity reduction.

Bank agglomeration creates a favorable financial environment
1997). By
expanding financing channels and providing sufficient financial

for enterprise technological innovation (Levine,

support, bank agglomeration can alleviate credit constraints on
enterprise innovation (Tadesse, 2002; Zhang, 2022). Additionally,
financial agglomeration can mitigate innovation risks, helping
enterprises avoid inter-temporal risks associated with innovation
activities (Levine and Zervos, 1998; Saintpaul, 1992). Agglomeration
also promotes the efficient allocation of resources, leading to
innovation in the surrounding area. Qu et al. (2020) finds that
bank agglomeration is conducive to the improvement of enterprise
innovation levels. As high-growth enterprises improve their
innovation capabilities, they can optimize production processes.
One key aspect of production optimization is improving energy
efficiency and reducing carbon intensity (Wang et al, 2021).
Accordingly, we propose hypothesis 2.

Hypothesis 2: Bank agglomeration affects high-growth enterprise
carbon intensity through improving the level of enterprise
innovation.

Bank agglomeration encourages enterprises to prioritize green
development (Feng et al., 2022; Qu et al., 2020). In China, the
financial sector has played a significant role in transforming the
energy structure (Ji and Zhang, 2019; Yuan et al., 2022). With the
development of green finance, the annual green credit issued by
banks is now included in assessments by regulatory authorities.
Consequently, banks are more inclined to lend to green businesses,
making it more difficult for high energy-consuming enterprises to
obtain credit as easily as before (Yu and Zhou, 2023). Therefore,
bank agglomeration indirectly promotes a cleaner energy structure
for high-growth enterprises. As an enterprise’s energy structure
improves—for example, by increasing the use of natural gas and
reducing coal consumption—its carbon intensity decreases (Wang
et al,, 2021). Overall, bank agglomeration encourages high-growth
enterprises to adopt cleaner energy sources, thereby reducing their
carbon intensity. Therefore, we propose Hypothesis 3.

Hypothesis 3: Bank agglomeration promotes the use of clean
energy and then reduce high-growth enterprises’ carbon intensity.

Bank credit is the primary channel for Chinese enterprises to
obtain external financing (Zhang, 2011). Bank agglomeration results
in more abundant credit funds and increased competition among
banks. Numerous studies suggest that financial agglomeration can
help alleviate corporate financing constraints (Gao and Xu, 2023; Qu
et al,, 2020; Yuan et al,, 2022). To capture market share, banks may
lower the threshold for lending to enterprises. In this scenario, firms
facing financing constraints benefit from bank agglomeration by
gaining sufficient credit, which in turn improves their production
activities (Chen, 2023). On the one hand, energy-efficient
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TABLE 1 Descriptive statistics of the main variables.

10.3389/fenvs.2024.1428522

VarName Obs Mean SD Min Max
C_intensity 50,722 1.001 1.125 0.000 11.195
Agglomeration 56,921 0.109 0.129 0.000 2.437
Largz_commercial 52,821 0.083 0.106 0.000 2212
Joint_stock_commercial 52,821 0.007 0.019 0.000 0.834
Small_banks 52,821 0.029 0.039 0.000 1.162
Age 57,731 17.589 15.212 0.000 180.000
Scale 57,770 5.360 1.901 1.000 8.000
Heavy_industry 57,773 1.604 0.489 1.000 2.000
Intermediate 26,388 10.753 1.536 0.000 18.073
Staff_growth 56,565 0.056 1.157 -0.974 7.057
Innovation 29,867 0.127 0.333 0.000 1.000
Clean_energy 57,773 0.655 0.475 0.000 1.000
Debt_cost 50,389 0.026 0.028 0.000 0.103
Countyslope 47,291 7.003 2.954 1.575 17.044
Coastline 47,291 3.559 4.017 0.000 36.512

Sources: The Chinese industrial enterprise database; China Energy Statistical Yearbook, China Industrial Economy Statistical Yearbook, The Chinese industrial enterprises” pollutant database;

The China Banking and Insurance Regulatory Commission (CBIRC) and the author’s calculation.

technologies and equipment often require substantial upfront
investments. When financial constraints are eased, firms are
more likely to invest in these technologies, which, in turn, lowers
the energy consumption per unit of output, thereby reducing carbon
intensity. On the other hand, enterprises with better access to
finance can expand their operations and achieve economies of
scale. This expansion can lead to more efficient use of resources
and energy, resulting in lower carbon emissions per unit of output.
Furthermore, financially healthy enterprises can afford to take a
long-term strategic approach, investing in sustainability initiatives
that may have higher upfront costs but ultimately reduce carbon
emissions over time. Therefore, we propose Hypothesis 4.

Hypothesis 4: Bank agglomeration promotes enterprise carbon
emission reduction by easing enterprise financing constraints.

3 Data and variables

Before delving into the empirical results, this section details the
data source and sample selection, the measures of the core variables,
and the baseline model employed in this paper.

3.1 Data source and sample selection

The industrial enterprise data is sourced from the Chinese
Industrial Enterprise Database, covering the period from 2001 to
2013. To obtain data on energy usage and pollution emissions, the
Chinese Industrial Enterprise Database was matched with the
Chinese Pollution = Database, the

Enterprise following
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methodology of Brandt et al. (2012). Enterprises with missing
fuel usage data (coal, fuel oil, or natural gas) were excluded from
the sample. Additionally, enterprises that were suspended, canceled,
or newly established were also removed. The data on bank branches
come from the financial license information disclosed on the official
website of the China Banking and Insurance Regulatory
Commission (CBIRC), which provided details on the number,
type, longitude, and latitude of bank branches.

High-growth enterprises are identified using specific criteria.
While there are various methods to measure high-growth
enterprises, employee growth rate and turnover growth rate are
the most commonly used metrics (Ahlfeldt et al., 2015; Barringer
et al., 2005; Daunfeldt and Halvarsson, 2015). According to the
OECD definition, a high-growth enterprise is one that achieves an
average annual growth rate (in terms of employees or turnover) of
more than 20% over 3 years, starting with at least 10 employees at
the beginning of the growth period (Madzarevic-Sujster, 2013).
Building on this literature, this study defines a high-growth
enterprise as one whose annual labor productivity growth ranks
in the top 10% of all enterprises. Labor productivity is calculated as
the ratio of sales revenue from the main business product to the
number of employees, capturing both employee growth and
turnover growth.

Table 1 shows descriptive statistics of the main variables. C_
intensity is logarithmic carbon emissions per unit of output, ranging
from 0 to 11.195. Agglomeration is the degree of bank agglomeration
after taking the logarithm, which ranges from 0 to 2.437. Large_
commercial, Joint_stock_commercial and Small_banks represent the
agglomeration degree of three different types of bank outlets,
respectively. Scale, Heavy_industry, Innovation and Clean_energy
are categorical variables. Additionally, all continuous variables are
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winsorized. Detailed definitions and measurements of variables are
provided in Table Al.

3.2 Core variables

3.2.1 Bank agglomeration

The effects of agglomeration externalities are complex. While
some studies have empirically analyzed the relationship between
agglomeration externalities and enterprise performance within cities
or regions, they often fail to capture the variability of these effects
within the same city or region (Ciccone and Hall, 1996; Glaeser and
Maré, 2001; Ottaviano and Pinelli, 2006). Based on the relative
independence of geographical information from other economic
indicators, the core variable Agglomeration is defined as the number
of bank branches within a certain radius of the enterprise divided by
the total number of bank branches in the city. To calculate the
number of bank branches around an enterprise, the longitude and
latitude of each bank branch are matched with the enterprise’s office
address, with a 10 km radius used in the baseline model. Since the
number of branches changes over time, the degree of bank
agglomeration is also calculated annually, providing continuous
annual data on Agglomeration from 2001 to 2013.

The reason for choosing 10 km as the radius is that the
cooperative banks of most enterprises are distributed within this
range, and the banking competition within this range will have a
significant impact on enterprises. Supporting this choice, the Federal
Reserve’s 1993 National Survey of Small Business Finance (NSSBF)
found that the median distance between enterprises and banks is
3 miles (4.8 km) (Berger et al., 2005). Additionally, a 2013 study of
290 cities in Sweden showed that the average distance between banks
and enterprises in rural areas, urban areas, and megacities is 7.6 km,
4.8 km, and 2.5 km, respectively (Ho and Berggren, 2020).
Therefore, selecting a 10 km radius is appropriate as it
encompasses most banks associated with enterprises.

This spatial agglomeration indicator is less likely to suffer from
endogeneity with economic development indicators such as regional
population size and production efficiency, allowing for a more
objective assessment of the effect of spatial agglomeration.
Although there is no consensus in the agglomeration literature
regarding the maximum geographical scope of agglomeration
most studies agree on the spatial decay of
agglomeration externalities (Ahlfeldt et al, 2015; Arzaghi and
Henderson, 2008; Di Addario and Patacchini, 2008; Koster et al.,
2014; Rosenthal and Strange, 2008). Recent research also shows that
agglomeration has a significant positive effect at medium distances
(5-10 km) (Verstraten et al,, 2019). Furthermore, to ensure the
robustness of the regression results, this study tests the sensitivity of

economies,

the findings to different radius.

10.3389/fenvs.2024.1428522

3.2.2 Enterprise carbon intensity

The EIO-LCA is a widely accepted method of calculating carbon
emissions (Matthews and Small, 2000), which is an economic model
constructed by Carnegie Mellon University. With further extension,
the EIO-LCA approach is used to evaluate the carbon footprint at
the enterprise level (Wei et al., 2022). EIO-LCA method is used in
our paper to calculate the enterprises’ carbon emissions.

Referring to Wei et al. (2022), we first calculate the carbon
emissions of the industry. Then, we determine the carbon emissions
for each enterprise based on its proportion within the industry.
Finally, we calculate the carbon intensity of the enterprise.

Firstly, Industrial carbon emissions consist of two components:
emissions from the combustion of fossil fuels and emissions
generated by the industrial production process in specific sectors.
The carbon emission from fossil fuel combustion (C,) refers to the
carbon emission from the burst of fossil energy directly input in
production or service provision, and its calculation formula is shown
in Equation 1.

Ce=Y, AxxCy (1)

Where, Ay is the consumption of energy k of industry i and Cy, is
the carbon emission coefficient of energy k (Table 2).

The calculation formula of carbon emissions in the industrial
production process across various industries is shown in Equation 2.

12
CP:ZPiJ XK,’J Xﬁ (2)

Where P; ; is the output of j industrial products of the i industry
and K ; stands for the carbon emission coefficient of the production
process of industrial product j of the i industry (Table 3). Then, we
sum up the direct and indirect carbon footprints and get the
industry’s carbon footprint.

Secondly, in order to calculate the carbon footprint at the
enterprise level, we match the production data of the enterprise
with the data of the industry in which it operates as shown in
Equation 3.

Om
E, =F;x 0, (3)

Where E,, is the carbon emission of enterprise m, F; is the total
carbon emission of the industry i that enterprise m belongs to, O, is
the main business cost of enterprise m, and O; is the main business
cost of industry i.

From these calculations, we derive the total annual carbon
emissions for each enterprise. This calculation accounts for both
direct carbon emissions from energy consumption and emissions
from industrial processes, thereby providing a more accurate
representation of the carbon footprint distribution.

TABLE 2 The coal conversion coefficient and carbon emission coefficient of different energy types.

Energy varieties Coal Coke Crudeoil Gasoline Kerosene Diesel Fueloil Naturalgas
Standard coal conversion coefficient 0.7143 0.9714 1.4286 1.4714 14714 1.4571 1.4286 1.3300
(kg celkg; kg celm?)
Carbon emission factor (kg C/kg ce) 0.7559  0.8550 0.5857 0.5538 0.5714 0.5921 0.6185 0.4483

Notes: The source of the data is China Energy Statistical Yearbook.

Frontiers in Environmental Science
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TABLE 3 Carbon emission coefficient of the industrial production process.

The production department Industrial process Carbon emission coefficient (t CO2/t)

Chemical raw materials and chemical products manufacturing Synthetic ammonia 1.500
Calcium carbide 1.100

Soda ash 0.415

Non-metallic mineral products Cement 0.395

The ferrous metal smelting and rolling processing industry Ferrochrome 1.300
Crystalline silicon 4.300

Other iron 4.000

Coke (as a reducing agent) 3.100

The non-ferrous metal smelting and rolling processing industry Coke (as a reducing agent) 3.100

Notes: The carbon emission coefficients of the industrial process of synthetic ammonia, soda ash, cement, iron alloy and coke are from China Statistical Yearbook. The data about ferrochrome

and crystalline silicon comes from World Mineral Production Report. and the data about calcium carbide is from china calcium carbide association.

Thirdly, to calculate an enterprise’s carbon intensity, divide the
enterprise’s annual carbon emissions by its total industrial output
for the year, and then take the logarithm of the resulting ratio as
shown in Equation 4.

E
C_intensity = In[ —— 4
mtenst y 11<Vm) ( )

Where, C_intensity stands for the carbon intensity of the
enterprise m, E,, is the carbon emission of enterprise m, and V,,
is the total industrial output value of enterprise .

3.3 Baseline model

To investigate the impacts of bank agglomeration on carbon
emissions of high-growth enterprises, we estimate the following
econometric model as shown in Equation 5.

C_intensit y;, = ag+ay Agglomeration;,, + yControls; + &; + p,

+ (pp+sitCP

(5)

Where i, t, ¢, and p denote enterprise, year, city, and industry,

respectively. C_intensity represents the enterprise’s carbon
emissions per unit output value. Agglomeration indicates the
bank agglomeration within a certain radius of the enterprise.
Controls; is the set of enterprise- and industry-specific control
variables. What's more, &;, ¢, and ¢, represent time-, city- and
industry-level fixed effects, respectively. ey, is the random
disturbance term. The regression results are clustered at the

industry level.

4 Empirical results

Based on the sample selection and baseline model mentioned
previously, this section examines the effect of bank competition on
the carbon intensity of high-growth firms. And this paper performs
several series of endogeneity treatment and robustness tests to

Frontiers in Environmental Science

ensure the reliability of the baseline results. Additionally, in order
to explore the potential impact of firm attributes, bank types, and
industry differences on this relationship, this paper estimates the
baseline model for the different subsample.

4.1 Empirical facts

4.1.1 Bank agglomeration

The large-scale expansion of Chinese banks began in 1987 with
the establishment of joint-stock commercial banks. Prior to this,
China’s banking industry was dominated by a few state-owned
banks. The number of banks further increased following the
creation of city commercial banks in the mid-to-late 1990s, the
shareholding reforms of state-owned banks, and the surge in bank
IPOs after China’s entry into the WTO in the 21st century. As a
result, newly established banks sought to capture market share by
opening branches and sub-branches in various regions and
expanding their business coverage.

The theoretical research on financial agglomeration mainly has
two perspectives. One is the perspective of the industry life cycle.
The geographical layout of an industry goes through five stages:
incubation, growth, maturity, saturation, and decline. According to
the research of Ren et al. (2010), China’s financial industry was in the
incubation period before 2003 and in the growth period after 2003.
Another is the perspective of new economic geography. In large
cities with strong local market effects, the centripetal force is greater
than the centrifugal force, and economic agglomeration is easy to
occur (Krugman, 1992). The financial industry is in line with the
mechanism of industrial agglomeration evolution (Grote, 2008).

Figure 1 illustrates the geographical location and distribution
ratio of bank branches in China. In Figure 1A, it is evident that most
branches are concentrated in developed areas, such as the Beijing-
Tianjin-Hebei Economic Development Circle, the Yangtze River
Delta Economic Development Circle, the Pearl River Delta
Economic Development Circle, and the Chengdu-Chongging
Economic Development Circle. Figure 1B displays the proportion
and total number of three types of bank branches in each province.
Commercial banks have the highest proportion in most regions,
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followed by state-owned banks. In the southeastern region, branches
are predominantly from commercial and state-owned banks, while
the proportion of non-commercial banks is relatively higher in the
central, western, and northeastern regions.

4.1.2 Carbon intensity of high-growth enterprises

Carbon emissions from enterprise production account for more
than 95% of total energy-related carbon emissions (Wan et al,
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2021). Reducing enterprise carbon emissions is a primary focus of
China’s carbon reduction initiatives. Among all enterprises, a small
number exhibit rapid growth rates and are referred to as high-
growth enterprises. Research on the carbon emissions of high-
growth companies warrants greater attention (Wu et al., 2022).
Figure 2 illustrates the geographical location and carbon
intensity of high-growth enterprises. These maps depict the
spatial distribution of high-growth enterprises and their carbon
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TABLE 4 Baseline model.

() @)

C_intensity

C_intensity

Agglomeration —0.337*4** —0.150***
(-5.64) (-3.51)
Age —0.003***
(-8.06)
Scale 0.036***
(7.45)
Heavy_industry 1.359%**
(44.25)
Intermediate 0.056***
(5.01)
Staff_growth 0.044*%
(5.76)
Year Yes Yes
Industry Yes Yes
City Yes Yes
N 49,911 25,245
R 0.563 0.669

Notes: This table reports the regression results from the baseline model. The results remain significant after the addition of control variables. t-statistics are reported in parentheses. Standard

errors are clustered at the industry level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

intensity characteristics. In Figure 2A, it is evident that most high-
growth enterprises are concentrated in developed areas, such as the
Beijing-Tianjin-Hebei Economic Development Circle, the Yangtze
River Delta Economic Development Circle, the Pearl River Delta
Economic Development Circle, and the Chengdu-Chongqing
Economic Development Circle. The incidence of high-growth
enterprises is particularly high in the eastern coastal areas. In
contrast, Figure 2B shows that the eastern coastal region, where
high-growth enterprises are concentrated, has lower carbon
intensity. High-growth enterprises in the northeastern and
western regions exhibit relatively high carbon intensity.

Combining Figures 1, 2, we observe that areas with a high
density of bank branches also have a concentrated distribution of
high-growth enterprises, and these enterprises tend to have lower
carbon emissions. This suggests a potential correlation between
bank agglomeration and the carbon intensity of high-growth
enterprises.

4.2 Baseline results

Table 4 presents the regression results of the baseline model,
where the dependent variable is the carbon intensity of high-growth
enterprises. In column (1), after controlling for year, city, and
industry fixed effects, the coefficient of Agglomeration is

Frontiers in Environmental Science

significantly negative (-0.337). In column (2), after adding
control variables such as Age, Scale, Heavy industry, Intermediate
and Staff_growth, the coefficient of the main variable remains
significantly negative (—0.15). These results suggest that bank
agglomeration significantly reduces the carbon intensity of high-
growth enterprises, providing support for Hypothesis 1.

4.3 Endogenous problem

4.3.1 Instrumental variable method

This paper uses Two-stage Least Squares (2SLS) method to
alleviate the endogeneity problem. The average gradient
(Countyslope) and the distance to the coastline (Coastline) at the
county level are used as instrumental variables of bank
agglomeration. On the one hand, the gradient/distance would not
directly affect the carbon intensity of enterprises, which met the
“exogeneity” assumption of instrumental variables. On the other
hand, the gradient/distance has a strong correlation with bank
agglomeration, which satisfies the “correlation” condition of the
instrumental variable (Feng et al., 2022; Hu et al, 2009). The
regression results are presented in Table 5. Column (1) shows
the regression results using the OLS method, while columns (2)
and (3) display the results of the 2SLS regression with Countyslope as
the instrumental variable. In these columns, the coefficient of
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TABLE 5 Instrumental variable method.
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(1) (2) (3) (4) (5)
OLS Countyslope -First Stage Countyslope -Second Stage Coastline — Coastline -Second Stage
First Stage
Agglomeration | —0.150*** -0.621** —-1.612***
(-3.51) (-2.10) (-2.58)
Countyslope -0.010%**
(-12.50)
Coastline —0.025%**
(-8.20)
Age —0.003*** 0.001** —0.003*** 0.001** —-0.002**
(-8.06) (11.46) (-6.41) (11.16) (-2.30)
Scale 0.036** —0.003*** 0.034*%* —0.003*** 0.031°*
(7.45) (-5.34) (11.73) (-5.42) (8.79)
Heavy_industry = 1.359*** —0.109*** 1.266*** —0.114*** 1,147
(44.25) (-16.35) (7.19) (-17.28) (5.96)
Intermediate 0.056** 0.002** 0.060*** 0.002** 0.063*
(5.01) (2.17) (15.33) (2.57) (14.45)
Staff_growth 0.044%* —0.005*** 0.041%* -0.006*** 0.035%**
(5.76) (-4.61) (5.93) (-5.04) (4.41)
Year Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
City Yes Yes Yes Yes Yes
N 25,245 22,186 21,664 22,186 21,664
R’ 0.669 0.328 0.667 0.319 0.647

Notes: This table uses the 2SLS, method to mitigate the endogeneity problem with the aid of the average gradient and the distance to coastline at the county level as instrumental variables.
t-statistics are reported in parentheses. Standard errors are clustered at the industry level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

Agglomeration is significantly negative. Columns (4) and (5) show
the results using Coastline as the instrumental variable, where the
coefficient of Agglomeration remains significantly negative.
Additionally, when Countyslope and Coastline are used as
instrumental  variables, the corresponding F-values are
377.475 and 88.474, respectively. Both F-values exceed the
threshold of 10, which is generally considered an indication of
strong instruments. This suggests that the two instruments have
sufficient explanatory power, thereby reducing the bias associated
with weak instruments.

4.3.2 Add control variables and remove
specific years

To overcome the potential missing variable problem, the city-
level variables are added, including total urban population at the
end of the year (Population), regional GDP (GDP), regional GDP
growth rate (GDP_growth), actual foreign investment (Foreign_
invset), industrial sulfur dioxide removal (SO2), number of waste
treatment facilities

gas (Exhaust_gas) and comprehensive

Frontiers in Environmental Science

utilization rate of general industrial solid waste (Solid_waste).
The empirical results are shown in Column (1) of Table 6. The
coefficient of Agglomeration is significantly negative, which is
consistent with the baseline model. Furthermore, the influence
of bank agglomeration on corporate carbon intensity could be
affected by external policies, potentially leading to biased empirical
results. In July 2007, the Chinese government issued the Opinions
on Implementing Environmental Protection Policies and
Regulations to Prevent Credit Risks, which called for credit
controls on enterprises that failed to save energy and reduce
emissions. Consequently, some reductions in corporate carbon
intensity after 2007 may be attributed to the impact of this
“restricted credit” policy. To eliminate the potential bias from
this external policy, we exclude samples from 2007 and later. The
new regression results, shown in column (2) of Table 6, indicate
that the coefficient of Agglomeration remains significantly
negative. This indicates that the basic conclusion still stands
the influence of the “restricted credit”

after excluding

policy in 2007.
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TABLE 6 Add control variables and remove specific years.

)
C_intensity C_intensity
Agglomeration —0.199*** —0.132%**
(-3.82) (-3.14)
Age —0.003*** —0.003***
(-7.33) (-8.14)
Scale 0.0427* 0.034*
(7.29) (6.80)
Heavy_industry 1.332%%* 1.422%%*
(25.12) (45.54)
Intermediate 0.063*** 0.052***
(4.77) (4.63)
Staff_growth 0.059*** 0.044**
(4.75) (4.96)
Population 0.000
(0.68)
GDP 0.000*
(1.84)
GDP_growth -0.002
(-0.49)
Foreign_invset 0.000
(1.15)
SO2 0.000
(0.78)
Exhaust_gas -0.001
(-1.51)
Solid_waste —-0.000
(-0.45)
Year Yes Yes
Industry Yes Yes
City Yes Yes
N 15,477 20,179
R 0.684 0.689

Notes: This table reports the regression results after further adding city-level control variables to the baseline model. In addition, empirical result after controlling for 2007 and subsequent years
is reported. t-statistics are reported in parentheses. Standard errors are clustered at the industry level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

4.4 Robustness checks

4.4.1 Change the calculation method of enterprise
carbon intensity

In addition to calculating corporate carbon emissions based on
industry-level emissions, they can also be directly estimated from the

Frontiers in Environmental Science

fossil fuel consumption of enterprises. This approach is also
employed in several studies on corporate carbon intensity in
China (Chen and Zhu, 2022; Liu et al., 2022). The Chinese
Industrial Pollution Database provides a limited range of data,
including coal, natural gas, and fuel oil. Given that these three
energy sources represent over 80% of the energy consumption in
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TABLE 7 Change the calculation method of enterprise carbon intensity.

(1

C_intensity

10.3389/fenvs.2024.1428522

(2)

C_intensity2

Agglomeration —0.150%** —0.314%**
(-3.51) (-4.65)
Age —0.003*** 0.001**
(-8.06) (2.08)
Scale 0.036*** —-0.004
(7.45) (-0.41)
Heavy_industry 1.359%%* 0.520%*%
(44.25) (6.84)
Intermediate 0.056*** —0.058***
(5.01) (-3.86)
Staff_growth 0.044*** 0.022
(5.76) (1.31)
Year Yes Yes
Industry Yes Yes
City Yes Yes
N 25,245 17,433
RrR? 0.669 0.557

Notes: The table shows the regression results when different carbon intensity calculation methods are used. t-statistics are reported in parentheses. Standard errors are clustered at the industry

level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

China’s industrial enterprises, we use them as the basis for
CO,
references. Accordingly, an enterprise’s CO, emissions are
calculated as the sum of the consumption of coal, fuel oil, and

estimating corporate emissions, following established

natural gas, each multiplied by their respective carbon emission
coefficients.
The formula is shown in Equation 6.

COy =" Awc % Cy (6)

CO, represents the annual CO, emissions of the enterprise. k
represents energy source, which includes coal, fuel oil, and natural
gas. Cy is the CO, emission coefficient of energy source k (see
Table 2). A, is the consumption amount of energy source k in
enterprise m.

Similarly, carbon intensity equals CO, emissions divided by the
total output value of the enterprise (V,,,) and the logarithm of the
ratio is then taken as shown in Equation 7.

CO,
Vi
Upon comparison, the two methods for calculating enterprise
carbon intensity yield minimal differences. Detailed descriptive
statistics can be found in Table A2. The first column in Table 7 is

the result of baseline model, and the second column is the regression
result after changing the calculation method of carbon intensity. After

C_intensity2 = In ( (7)
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using the new enterprise carbon intensity data, the coefficients of the
key variables are still significantly negative. The above results show
that the results of this paper are robust to some extent.

4.4.2 Bank agglomeration under different radius
In the baseline model, we use the number of bank branches
within 10 km to the total number of branches in the city to describe
the degree of bank agglomeration. To prove the robustness of the
conclusion, we also use number of bank branches within 15 km and
20 km of the enterprise’s periphery to measure the degree of bank
agglomeration. And the regression results are shown in Table 8.
Column (1) shows the results of the baseline model, and columns
(2)-(3) use bank agglomeration within the radius of 15 km and
20 km as explanatory variables, respectively. We can find that all the
coefficients are significantly negative. Obviously, after replacing
different measurement bank
agglomeration can reduce the carbon intensity of enterprises is

calibers, the conclusion that

still the same.

4.4.3 Different clustering criteria error

Since different levels of clustering will have different effects on the
regression standard errors and coefficient significance levels, this
paper replaces the clustering levels of the baseline results (clustered
at the industry level) with city level, province level, industry-city level,
and industry-province level, respectively. The results are reported in
Table 9. From columns (1) to (4), it can be found that the core
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TABLE 8 The degree of bank agglomeration under different radius.

10.3389/fenvs.2024.1428522

()] (2) (3)
C_intensity C_intensity C_intensity
Agglomeration -0.150**
(-3.51)
Agglomerationl5 —0.153%%*
(-4.49)
Agglomeration20 —0.145%+*
(-4.54)
Age —0.003*** -0.003*** —0.003***
(-8.06) (-8.00) (-7.98)
Scale 0.036*** 0.037%* 0.037***
(7.45) (7.47) (7.49)
Heavy_industry 1.359*** 1.361%* 1.365%**
(44.25) (45.75) (46.29)
Intermediate 0.056*** 0.056*** 0.056***
(5.01) (5.04) (5.05)
Staff_growth 0.044*** 0.044*** 0.044***
(5.76) (5.74) (5.76)
Year Yes Yes Yes
Industry Yes Yes Yes
City Yes Yes Yes
N 25,245 25,245 25,245
R 0.669 0.669 0.669

Notes: This table reports the impact of bank agglomeration in different radius (10 km, 15km and 20 km) around the enterprise, on enterprise carbon intensity. t-statistics are reported in
parentheses. Standard errors are clustered at the industry level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

explanatory variable is significantly negative under different clustering
levels, which is consistent with the baseline result.

4.5 Heterogeneous analysis

4.5.1 State-owned enterprises and non-state-
owned enterprises

The impact of bank agglomeration on carbon reduction in high-
growth enterprises may differ between state-owned enterprises

(SOEs) and non-state-owned enterprises (non-SOEs). The
property rights of enterprises can reflect institutional
arrangements, which may influence low-carbon practices.

Enterprises with different property rights vary in resource
acquisition and management philosophy. To test for this
heterogeneous effect, we perform separate regressions for the
SOE and non-SOE samples, with the results presented in Table 10.
Column (1) presents the empirical results for the full sample. Column
(2) focuses on state-owned high-growth enterprises, where the
coefficient of the main explanatory variable is not significant.
Column (3) stands for the sample of non-state-owned high-growth
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enterprises, and the coefficient of the main explanatory variable is
significantly negative (-0.164). These results indicate that bank
agglomeration significantly promotes the
reduction in non-state-owned high-growth enterprises, but has no

carbon  emission
significant effect on state-owned enterprises. In China, state-owned
enterprises, backed by government credit, are often well-funded and
less influenced by banks. However, for non-state-owned enterprises,
changes in the degree of bank competition may directly affect their
capital cost and production behavior.

4.5.2 Different types of banks

We separately examine the impact of the agglomeration of
different types of banks on the carbon intensity of enterprises.
Banks are categorized into three groups. The first category
consists of large state-owned commercial banks', which are

1 Commercial banks include the Industrial and Commercial Bank of China,
Agricultural Bank of China, Bank of China, China Construction Bank, Postal

Savings Bank of China, and Bank of Communications.
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TABLE 9 Results based on different clustering criteria.

10.3389/fenvs.2024.1428522

(2) (€)) (4)
Province Industry_city Industry_province
Agglomeration —0.150*** -0.150** —0.150*** —=0.150%%*
(-3.26) (-2.62) (-4.04) (-3.95)
Age —0.003*** —0.003*** —0.003*** —0.003***
(-7.77) (-7.10) (-10.69) (-10.18)
Scale 0.036*** 0.036*** 0.036*** 0.036***
(11.29) (8.90) (12.16) (11.12)
Heavy_industry 1.359*** 1.359%** 1.359%** 1.359*
(18.32) (35.61) (19.16) (32.23)
Intermediate 0.056*** 0.056*** 0.056*** 0.056***
(7.79) (7.04) (10.94) (9.32)
Staff_growth 0.044* 0.044* 0.044* 0.044**
(5.86) (4.65) (5.97) (6.25)
Year Yes Yes Yes Yes
Industry Yes Yes Yes Yes
City Yes Yes Yes Yes
N 25,245 25,245 25,245 25,245
R 0.669 0.669 0.669 0.669

Notes: This table reports the results of tests with different levels of clustering standard errors (city, province, industry_city, and industry_province). t-statistics are reported in parentheses.
Standard errors are clustered at the industry level. ¥, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

directly controlled by the state. These 6 banks are substantial in size
and have the most extensive branch networks in the country. The
second category includes national joint-stock commercial banks,
which are highly active in economic activities. The third category
comprises other small banks that primarily provide services to local
urban and rural enterprises and individuals. Following the bank
agglomeration calculation method used in the baseline model, we
separately calculate the agglomeration of large state-owned
commercial banks, joint-stock commercial banks, and small
banks within a 10 km radius of each enterprise. The
agglomeration degrees of the three types of banks are then used
as explanatory variables in the regression equation, with the results
presented in Table 11.

The results show that all three types of banks have a
significant negative impact on enterprise carbon intensity.
Among them, the absolute value of the coefficient for joint-
stock commercial bank agglomeration is the largest, suggesting
that the concentration of joint-stock commercial banks around
high-growth enterprises more effectively promotes carbon
reduction. A possible explanation is that the ownership of
joint-stock commercial banks is diversified, not limited to
state ownership, which allows for more flexible and efficient
operations. These banks can quickly respond to market needs,
adapt to the low-carbon development trend of enterprises,
provide green loans, and support companies in achieving
green transformation.
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4.5.3 High-energy-consuming industries and high-
polluting industries

If bank agglomeration can facilitate a decline in carbon intensity
within sectors characterized by elevated carbon emissions and
pollution, it will serve to advance environmental conservation and
sustainable development. To delve into the disparities among
industries, the initial step necessitates distinguishing between
industries with high carbon emissions and those with high
pollution levels. Firstly, drawing from the high-energy-consuming
industry roster delineated in the “2010 National Economic and
Social Development Statistical Report” in China, the sample is
divided into two sample groups: high-energy-consuming enterprises
and non-high-energy-consuming enterprises. Subsequently, this paper
re-estimates the baseline model for the subsample. The outcomes are
summarized in columns (2) and (3) of Table 12. Notably, the
coefficients of Agglomeration are positively significant in both
columns, with a more pronounced magnitude observed in column
(2). This underscores the discernible carbon reduction effect induced
by bank agglomeration across both high-energy-consuming and non-
high-energy-consuming enterprises, with a more pronounced impact
observable within the former category.

Secondly, in 2008, the Ministry of Environmental Protection
issued the “Classification and Management List of Environmental
Protection Verification Industries for Listed Companies,” which
delineated industries characterized by high levels of pollution. Based
on this list, we categorize all enterprises into two groups: high-
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TABLE 10 Heterogeneity of enterprise property rights.

(1) (3)
Full sample Non_SOEs
Agglomeration —0.150*** 0.042 —0.164***
(-3.51) (0.76) (-3.20)
Age —0.003*** —-0.000 —0.004***
(-8.06) (-0.38) (-6.50)
Scale 0.036*** 0.020** 0.045*
(7.45) (2.47) (9.70)
Heavy_industry 1.359%%* 1.464%* 1.205%%*
(44.25) (24.42) (16.59)
Intermediate 0.056*** 0.020 0.088***
(5.01) (1.53) (6.76)
Staff _growth 0044 0.022 0.039*+
(5.76) (1.51) (4.65)
Year Yes Yes Yes
Industry Yes Yes Yes
City Yes Yes Yes
N 25,245 6,241 19,004
R’ 0.669 0.661 0.684

Notes: This table examines the heterogeneous impact of bank agglomeration on the carbon intensity of different enterprises. Regressions were performed with samples of SOEs, and samples of
non-SOEs. t-statistics are reported in parentheses. Standard errors are clustered at the industry level. *, *¥, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

polluting  enterprises and non-high-polluting enterprises. 51 Enterp rise innovation

Subsequent regression analyses are conducted on these distinct

sub-samples, with the resultant findings presented in columns (4) Bank agglomeration may affect the carbon intensity of high-
and (5) of Table 12. Consistent with the previous analysis, the  growth enterprises by affecting their innovation. Given that not all
coefficients associated with Agglomeration are markedly positive in  industrial enterprises apply for patents, we use “whether there are
both columns, with the absolute value of the coefficients in column  new products” to represent the innovation ability of the enterprise
(4) surpassing that in column (5). Thus, it is evident that bank  (Xie and Gao, 2018; Yu et al,, 2020). We construct a dummy variable
agglomeration exerts a substantial carbon reduction influence on  Innovation that takes 1 when enterprise i has a new product in year ¢
enterprises operating within both high-polluting and non-high-  and 0 otherwise. The mediating effect model is used to test this
polluting industries, with the impact being more pronounced  mechanism. As shown in Equations 8-10.

within the former category. C_intensit yi., = ay+ay Agglomeration., + yControls; + 6, + y,

+ q)P+8,‘[Cp
5 Mechanism analysis ®)

Innovation., = ay+a, Agglomeration;, + yControls; + &, + p.
The aforementioned discussion, through a series of tests, has

. L . + @pteicp
demonstrated that increased bank competition is conducive to 9
promotes the reduction of high-growth enterprise carbon ©)
intensity. However, the mechanism through which this influence Cintensityic, = ao+as Agglomeration;., + tlnnovation;,
operates remains unclear. Does it align with the theoretical + yControlsy + 8, + 4, + @, Feirep (10)
hypothesis proposed in this paper, that bank competition can
reduce the carbon intensity of firms by improving the level of The regression results are shown in columns (1) and (2) of

enterprise innovation, changing the clean energy structure of  Table 13. We find that the coefficient of Agglomeration in column
enterprises and easing enterprise financing constraints? On this (1) is significantly positive at the 1% level, indicating that bank
basis, this study further analyzes the possible mechanisms through  agglomeration promotes enterprise innovation. The coefficient of

» o«

the channels of “enterprise innovation,” “energy structure,” and  Innovation in column (2) is significantly negative, displaying that

“financing restriction” using a mediating effects model. innovation helps high-growth enterprise reduce carbon intensity.
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TABLE 11 Heterogeneity of bank types.

10.3389/fenvs.2024.1428522

()] (2) (3)
C_intensity C_intensity C_intensity
Large_commercial —0.169***
(-3.07)
Joint_stock_commercial —0.541**
(-2.43)
Small_banks -0.209*
(-1.71)
Age —0.003*** —0.003*** —0.003***
(-7.96) (-8.07) (-8.08)
Scale 0.037*** 0.037%¢ 0.037%*
(7.38) (7.51) (7.47)
Heavy_industry 1.350%** 1.362%** 1.363***
(42.34) (45.44) (45.52)
Intermediate 0.056*** 0.055%** 0.056***
(5.03) (5.00) (5.01)
Staff_growth 0.0454%% 0.045*+* 0045+
(5.66) (5.69) (5.70)
Year Yes Yes Yes
Industry Yes Yes Yes
City Yes Yes Yes
N 24,769 24,769 24,769
R’ 0.670 0.670 0.670

Notes: This table examines the effect of the agglomeration of different types of banks on the carbon intensity of enterprises. Agglomeration degree of large state-owned commercial banks, joint-
stock commercial banks and small banks are used as explanatory variables in the regression, respectively. t-statistics are reported in parentheses. Standard errors are clustered at the industry

level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

Moreover, after adding variable Innovation, the coefficient of
Agglomeration is still significantly negative and its absolute value
is less than the baseline model, indicating that bank agglomeration
can promote high-growth enterprise carbon reduction by enhancing
enterprise innovation (Hypothesis 2).

5.2 Energy structure

In order to verify that bank agglomeration affects high-growth
enterprises’ carbon intensity by changing the clean energy structure
of enterprises, we still use the intermediary effect model (Equations
8-10) for regression. An intuitive reflection of improving the clean
energy structure of enterprises is replacing the use of coal and fuel oil
with natural gas. We set the dummy variable Clean_energy, which
takes 1 when enterprise i uses natural gas in year t and 0 in the rest of
the cases. Replace Innovation in Equations 9,10, with Clean_energy,
and the results are shown in columns (3) and (4) of Table 13. The
coefficient of Agglomeration in column (3) is significantly positive at
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the 1% level, indicating that bank agglomeration promotes
enterprises’ use of clean energy. The coefficient of Clean_energy
in column (4) is significantly negative, revealing that using clean
energy helps reduce the carbon intensity of enterprises. After adding
Clean_energy, the coefficient of Agglomeration is still significantly
negative and its absolute value is less than the baseline model, which
reveals the establishment of Hypothesis 3.

5.3 Financing restriction

The connection between banks and industrial enterprises is
mainly through credit. The agglomeration of bank branches helps
to increase the supply of credit, thereby reducing the debt cost of
enterprises and easing financing constraints (Li et al., 2020), which
in turn affects the carbon intensity of enterprises. With reference to
pertinent literature (Beck et al., 2006; Gorodnichenko and Schnitzer,
2013; Rakshit and Bardhan, 2023), Debt_cost is used to measure the
degree of financing constraints faced by enterprises. Debt_cost is the
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TABLE 12 The industry heterogeneity of high-growth enterprises.
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()] (2) (3) (4) (5)
Full sample High-energy- Non-high-energy- High- Non-high-
consuming consuming polluting polluting
Agglomeration —0.150%** ~0.182** ~0.176*** —0.174*%* —0.143**
(-3.51) (-2.39) (-3.54) (-3.23) (-2.07)
Age ~0.003*** ~0.006*** ~0.002%%* ~0.005** —0.001%**
(-8.06) (-8.78) (-7.09) (-8.44) (-4.99)
Scale 0.036*** 0.051%** 0.029%** 0.048*** 0.023**+
(7.45) (5.20) (6.65) (6.77) (4.50)
Heavy_industry 1.359% 0.319%* 0.416** 1174 -0.035
(44.25) (6.55) (16.86) (35.16) (-0.49)
Intermediate 0.056*** 0.075* 0.046** 0.072%* 0.037*
(5.01) (3.18) (6.23) (4.17) (4.33)
Staff_growth 00445 0.065+ 0.029+ 0053+ 0.032+%
(5.76) (4.43) (4.79) (4.89) (3.59)
Year Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
City Yes Yes Yes Yes Yes
N 25,245 10,309 14,936 15,487 9,758
R 0.669 0.524 0.269 0.659 0.281

Notes: This table shows the impact of banking agglomeration on the carbon intensity of high-growth firms in different industries. The sample is divided into high-energy-consuming enterprises,
non-high-energy-consuming enterprises, high-polluting enterprises, and non-high-polluting enterprises. t-statistics are reported in parentheses. Standard errors are clustered at the industry

level. *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.

ratio of interest expense to the total debt in an enterprise. Replace
Innovation in Equations 9,10, with Debt_cost, and the results are
shown in columns (5) and (6) of Table 13. The results show that the
coefficient of Agglomeration in column (5) is significantly negative,
while the coefficient of Debt_cost in column (6) is significantly
positive. After adding Debt_cost to the model, the coefficient of
Agglomeration is still significantly negative and its absolute value is
less than the baseline model. The above evidence shows that the
agglomeration of banks significantly promotes the reduction of
enterprise debt cost, and then promotes the reduction of
enterprise The of Dbank
agglomeration promoting enterprise carbon emission reduction

carbon  intensity. mechanism
by easing enterprise financing constraints (Hypothesis 4) has

been verified.

6 Conclusion and policy implications

This paper studies the influence of banking agglomeration on
the carbon intensity of enterprise. Instead of working with province-
level or city-level spatial units, this paper uses a radius of 10 km as
the spatial unit, focusing on evaluating the influence of bank
competition around enterprises on high-growth enterprises’ CO,
emissions at the micro level. Overall, the findings indicate that

Frontiers in Environmental Science

increased bank agglomeration reduces the carbon intensity of high-
growth enterprises. This effect is prominent in non-state-owned
enterprises but not significant for state-owned enterprises.
Additionally, the agglomeration of large state-owned commercial
banks, joint-stock commercial banks and small banks all
significantly reduce high-growth enterprise carbon intensity, with
joint-stock commercial banks having the most substantial carbon
reduction effect. Bank agglomeration has a notably strong impact on
carbon reduction in enterprises within high-energy-consuming and
high-polluting industries. Furthermore, the mechanism analysis
shows that bank agglomeration reduces the carbon intensity of
high-growth enterprises by promoting innovation, using more
cleaner energy, and mitigating financial constraint. In order to
mitigate the endogeneity problem, using instrumental variables,
adding control variables, and excluding samples from specific
years are adopted in this paper. A series of robustness tests are
also conducted to strengthen the reliability of the conclusions.
These results suggest several policy implications that are critical
for aligning economic development with environmental
sustainability. First, while central and local policies are often
geared towards fostering economic growth, it is imperative that
these policies also consider their impact on CO, emissions. The
significant role of bank agglomeration in reducing carbon intensity
highlights the need for policies that encourage the clustering of
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TABLE 13 Mechanism of enterprise innovation and using cleaner energy.

10.3389/fenvs.2024.1428522

(1) (2) (3) (4) ) (6)
Innovation C_intensity Clean_energy C_intensity Debt_cost C_intensity
Agglomeration 0.153%%* —0.114%%* 0.050%** —0.146*%* —0.009*** —0.139*%*
(6.55) (-2.67) (3.64) (-3.44) (-5.13) (-3.36)
Innovation -0.060***
(-3.73)
Clean_energy —0.074*%*
(-3.23)
Debt_cost 1.027%*
(4.30)
Age 0.002*** ~0.003*** 0.000 —0.003*** ~0.000*** —0.003***
(8.86) (-7.79) (1.30) (-8.01) (-3.37) (-7.88)
Scale -0.010*** 0.036*** 0.001 0.037** 0.000 0.036***
(-5.01) (6.62) (0.90) (7.50) (1.58) (7.50)
Heavy_industry -0.023 1.391%4** 0.013 1.359%** 0.001 1.355%**
(-1.47) (44.03) (1.33) (44.32) (0.50) (44.24)
Intermediate 0.050*** 0.059** 0.011*** 0.057*** 0.002*** 0.054***
(9.83) (5.00) (5.96) (5.12) (8.44) (4.90)
Staff_growth -0.002 0.043%* -0.003 0.044*** 0.000 0.044***
(-0.62) (5.64) (-1.07) (5.76) (0.22) (5.71)
Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
City Yes Yes Yes Yes Yes Yes
N 22,074 21,562 25,848 25,245 25,807 25,206
R’ 0.279 0.660 0.761 0.669 0.103 0.670

Notes: The mechanisms by which bank agglomeration affects enterprise carbon intensity through enterprise innovation, using cleaner energy and mitigating financial constraint are examined.

We test the mediating effect by stepwise regression method. t-statistics are reported in parentheses. Standard errors are clustered at the industry level. *, **, and *** represent significance at the

10%, 5%, and 1% levels, respectively.

banks around enterprises. Second, the government should actively
incentivize banks to expand their branch networks, particularly in
industrial regions, and consider easing superfluous restrictions on
foreign banks. This would not only enhance competition within the
banking sector but also amplify the role of finance in combating
global warming and achieving sustainable development. By fostering
a more competitive financial environment, banks are more likely to
support enterprise-level carbon emission reduction efforts.
Moreover, banks should be encouraged to provide preferential
interest rates for projects related to green technology innovation
and environmental conservation. This would motivate enterprises to
invest in upgrading their production equipment and implementing
energy-saving and emission-reduction projects. Such financial
incentives could play a pivotal role in mitigating greenhouse gas
emissions and accelerating the global transition towards green
development. Finally, specific policies should be developed to
enhance the responsiveness of state-owned enterprises to bank
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agglomeration, potentially through reforms in their financial and
governance structures. These recommendations, if implemented,
could significantly contribute to the dual goals of economic growth
and environmental sustainability, positioning the financial sector as
a key player in the global fight against climate change.

Although this paper has explored the correlation between bank
agglomeration and CO, emissions of high-growth firms, there are
some limitations in the research process. First, this paper only
explores the impact of bank agglomeration on the carbon
emissions of enterprises. The follow-up studies could further
study other forms of financial agglomeration, such as securities
and insurance. Second, although several factors that may lead to
endogeneity have been considered in this paper and an
instrumental variables method is wused to identify the
correlation relationship between bank competition and CO,
emissions of high-growth enterprises, There may still be other
factors that interfere with the identification of this correlation.
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Future research could try to use exogenous shocks to identify this
correlation relationship.
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Appendix

TABLE Al Variable definitions and measurements.

Types

Dependent
variable

Independent
variables

Control variables

Other variables

TABLE A2 Comparison of the results of two methods of carbon intensity measurement.

Variables

C_intensity

Definition

Carbon intensity of enterprise.

Measurement or Source

10.3389/fenvs.2024.1428522

Enterprise carbon emissions divided by the total output value of the enterprise. The
logarithm of this value is then taken.

Agglomeration | The agglomeration degree of bank branches The number of bank branches within a certain radius of enterprise divided by the
within a certain radius. total number of bank branches in the city. The logarithm of this value is then taken.
Age The duration of the enterprise.
Scale Enterprise Scale. Dummy variable, containing 8 categories.

Heavy_industry

Light/heavy industries.

Dummy variable, including heavy industry and light industry.

Intermediate Cost of intermediate goods. The costs of purchased raw materials, fuel, power, and other physical products
consumed in the production activities of industrial enterprises.
Staff_growth The employee growth rate of the enterprise.
Debt_cost The cost of enterprise debt, reflecting the degree = The ratio of interest expense to the total debt in an enterprise.
of financing constraints.
Innovation The ability of an enterprise to produce new 0-1 variable, equals 1 when the enterprise has new products that year.

products.

Clean_energy

Whether enterprise uses natural gas.

0-1 variable, equals 1 when the enterprise uses natural gas that year.

Countyslop

The average gradient at the county level.

From NASA ASTER Global Digital Elevation Model.

Coastline

The distance to the coastline from the county.

Calculate based on China’s 2019 administrative division data.

Methods VarName Obs Mean SD Min Max
Method1 (Based on industry data) CO, emissions 51695 6.127 55.320 0.000 4665.685
Carbon intensity 50722 15.482 623.757 0.000 72741.938

C_intensity 50722 1.001 1.125 0.000 11.195
Method2 (Based on enterprise energy consumption) CO, emissions 20507 7.913 65.183 0.000 3407.205
Carbon intensity 20042 16.631 933.471 0.000 1.27e+05

C_intensity 20042 1.036 1.213 0.000 11.753

Notes: The table shows the carbon emission and carbon intensity calculated by the two methods. Among them, Method 1 (the first 3 lines) is to calculate enterprise carbon emission based on
industry carbon emission data, and the results are used in the baseline model in this paper. Method 2 (last 3 lines) is used to calculate corporate carbon emissions based on corporate energy
consumption, and the results are used in the robustness test of this paper. C_intensity is the logarithm of Carbon intensity.
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