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Abstract: Promoting county-level economic development is a key task for achieving coordinated regional development, and
the spatial pattern of financial resource allocation together with carbon emission constraints are two important factors affe cting
this process. Using county-level panel data of China from 2000 to 2019, this paper measures county economic development by
nighttime light intensity, constructs county -level financial accessibility indicators based on geographical information of financial
branches, and empirically examines the impact of financial accessibility on county development. It also investigates the
moderating effect of carbon emissions and the mediating transmission mechanisms of technological innovation and industral
structure upgrading. The findings show that improved financial accessibility significantly promotes county economic
development. This effect is more pronounced in counties with lower economic development levels and slower growth rates, but
it is not significant in the short run in counties with extremely low initial financial accessibility. Carbon emissions negatively
moderate the effect of financial accessibility, meaning that carbon emission pressure weakens the promoting effect of financial
accessibility on county development. Technological innovation and industrial structure upgrading are two important mediating
pathways through which financial accessibility indirectly drives county economic development. This paper provides new
evidence for understanding county development gaps from the perspective of financial geography, reveals the complex
mechanism of financial support for county development under carbon emission constraints, and offers policy implications for
optimizing the layout of financial branches, implementing differentiated green credit policies, and promoting low-carbon
transition at the county level.
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institutions tend to locate in economically developed areas,

1. Introduction leading financial resources to favor therich and exacerbating

The development gap among Chinese counties has long regional imbalances. However, most studies use provincial or
existed and shows persistent characteristics. According to prefecture-level city data, and financial accessibility is often
data from the China County Statistical Yearbook, even within ~ measured by macro indicators such as the ratio of bank
the same prefecture-level city, the range of per capita GDP deposits and loans to GDP, with little attention paid to the
across counties has not shown a clear trend of convergence geographical distribution of financial branches. As the
over the past two decades, and has even widened in some physicalppints ofﬁnanc.ial service delivery, the spgtial layqut
areas. Meanwhile, the layout of financial institution branches of fmanmal branches d.1rect1y affects the convenience with
in China has experienced rapid expansion over the past two which firms and residents access credit resources, a
decades. Data from the China Banking and Insurance perspective that has not been fully utilized in research on
Regulatory Commission show that between 2000 and 2019, regional d.isparities. ) ) o
the average number of financial institution branches at the Regarding the relationship between carbon emissions and
county level more than doubled. However, the spatial regional ~development, the environmental economics
distribution of financial resources is far from homogeneous, literature has accumulated arich body of work. Some scholars
and the disparity in financial accessibility between developed ﬁnfl an inverted U—shaped relatlopshlp between carbon
and underdeveloped counties is equally significant. On the Cmissions and economlc.growthz Whlle othe}rs focgs on the
other hand, with the establishment of the carbon peaking and impact of carbon reduction policies on regional industrial
carbon neutrality goals, carbon emission constraints are competitiveness. However, incorporating carbon emissions as
becoming a new factor affecting regional development a mo@erating variable into the . analytif:al fra}mework _Of
patterns. High-emission counties are often traditional ﬁnagcml c'ie\./elopment apd regional d1§pa}ntles remains
industrial bases that face higher transition costs under relatively limited. Theoretically, carbon emissions may affect
emission reduction pressure, while low-emission counties regional develqpmenF tthugh two pathwgyg. The first i? the
may lose growth momentum due to industrial relocation. cost’ effect: regions Wlt'h hlgher’carbo'n emissions fac_e stricter
Therefore, whether improved financial accessibility narrows environmental regulations, which raise firms' operating costs
or widens the county development gap, and what role carbon and may weaken their growth potential. The second is the
emissions play in this process, remain understudied questions. transition effect: counties with high financial accessibility

Existing literature has explored the relationship between that also face carbon emission constraints are more likely to
financial development and regional economic gaps from obtain green credit support, thereby achieving industrial
various perspectives. Some studies argue that financial upgrading and maintaining growth momentum. Thus, carbon
development promotes cross-regional capital flows and emissions may moderate the effect of financial accessibility,
improves resource allocation efficiency, thereby narrowing a hypothesis that requires empirical testing.
regional disparities. Other studies point out that financial This paper constructs a Chinese county-level panel dataset
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for the period 2000 to 2019 using nighttime light data,
financial institution branch data, and carbon dioxide emission
grid data. The dependent variable is year-standardized
nighttime light intensity, which proxies for the actual level of
county economic activity. The core independent variable is
county-level financial accessibility, measured by three
indicators: total number of financial branches, number of
branches per ten thousand persons, and number of branches
per square kilometer. The mediating variables include county
patent applications and the industrial structure upgrading
index. Empirically, this paper first examines the effect of
financial accessibility on county development, then
investigates the moderating effect of carbon emissions, and
finally tests the mediating transmission mechanisms of
technological innovation and industrial structure upgrading.
To mitigate endogeneity concermns, this paper uses the mean
financial accessibility of other counties within the same
prefecture-level city as an instrumental variable and conducts
placebo tests.

The main findings are threefold. First, improved financial
accessibility significantly promotes county development. A
one-standard-deviation increase in financial branches per ten
thousand persons raises the standardized nighttime light
intensity by about 0.048 standard deviations. This effect is
more pronounced in counties with lower economic
development levels and slower growth rates, but it is not
significant in the short run in counties with extremely low
initial financial accessibility. Second, carbon emissions
negatively moderate the effect of financial accessibility.
Interaction term analysis shows that the coefficient of the
interaction between financial accessibility and carbon
emissions is significantly negative, indicating that carbon
emission pressure weakens the promoting effect of financial
accessibility on county development. Third, technological
innovation and industrial structure upgrading play partial
mediating roles. Financial accessibility indirectly drives
county economic development by increasing the number of
county patent applications and raising the industrial structure
upgrading index.

The marginal contributions ofthis paperare threefold. First,
it supplements the explanation of regional development gaps
from the perspective of financial geography. Unlike previous
studies that used aggregate indicators such as total deposits
and loans, this paper measures financial accessibility based
on the actual spatial distribution of financial branches, more
accurately capturing the geographic accessibility of financial
resources. Second, it incorporates carbon emissions into the
analytical framework of financial development and regional
disparities, identifying the negative moderating effect of
carbon emissions. This finding has implications for
understanding regional coordinated development under the
dual carbon goals. Third, it clarifies the mediating
transmission paths of technological innovation and industrial
structure upgrading, providing empirical evidence for
promoting balanced county development through the
optimization of financial supply.

The remainder of this paper is organized as follows.
Section 2 elaborates the theoretical logic and derives the
research hypotheses. Section 3 describes the data sources,
variable definitions, and econometric models. Section 4
reports the empirical results, including baseline regressions,
robustness checks, heterogeneity analysis, moderating effect
analysis, and mediation effect analysis. Section 5 concludes
and discusses policy implications.
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2. Theoretical Analysis and Research
Hypotheses

Financial accessibility, defined as the ease with which
economic agents obtain financial services through physical
bank branches, has been widely recognized as a key driver of
regional economic growth. Expanding financial services in
underdeveloped regions alleviates financing constraints,
optimizes capital allocation, and narrows income gaps [1].
The physical distribution of bank branches determines the
accessibility of financial services for micro-entities and,
consequently, the growth potential of local economies [2].
Expanding bank branch coverage in financially underserved
areas significantly boosts local entrepreneurship, formal
employment, and average wage growth, with stronger effects
in regions initially lacking bank services [2]. In China,
financial inclusion exerts a stronger growth effect on regions
with backward economic development and low initial
financial availability, thereby fostering coordinated regional
development [3]. Financial inclusion promotes regional
economic development by stimulating technological
innovation, and innovation serves as an important
transmission channel [4]. Improved financial accessibility
reduces firms’ R&D financing costs, increases patent
applications, and enhances regional innovation capacity [5].
Finance guides capital to high-efficiency sectors, promotes
industrial upgrading, and reduces resource misallocation [6].
Digital financial inclusion significantly boosts high-quality
economic development through improving resource
allocation, technological innovation, and industrial upgrading,
and its marginal effect is stronger in underdeveloped regions
[7]. Based on this reasoning, we propose Hypothesis 1:
Financial accessibility has a positive and significant effect on
county-level economic development, as measured by
standardized nighttime light intensity.

The impact of financial accessibility is unlikely to be
uniform across counties. Regions with different initial
economic conditions, financial infrastructure, and growth
rates may experience heterogeneous effects. Evidence shows
that financial inclusion has a stronger growth effect in regions
with lower initial economic development and slower growth,
helping to narrow development gaps [3, 7]. However, in
counties with extremely low initial financial accessibility, the
short-term effect may be weaker because financial
infrastructure requires time to reach a critical mass before
generating meaningful growth impacts [2]. It is reasonable to
expect that the coefficient of financial accessibility is larger
in low-development counties than in high-development
counties, and larger in slow-growth counties than in fast-
growth counties. In contrast, the coefficient is likely to be
small and only marginally significant in low-initial-finance
counties. Therefore, we propose Hypothesis 2: The positive
effect of financial accessibility on county economic
developmentis heterogeneous. It is stronger in counties with
lower economic development levels and slower economic
growth, but weaker in counties with very low initial financial
accessibility.

Carbon emissions present a more complex relationship
with county development. On one hand, high-emission
counties typically possess a strong industrial base and
generate higher output, which may create a positive
correlation between carbon emissions and economic activity.
On the other hand, high carbon emissions imply higher
transformation costs and stricter environmental regulations,



which can weaken the growth-promoting effect of financial
resources [8]. Carbon constraints create an industrial lock-in
effect: high-carbon regions struggle to translate financial
support into growth momentum quickly because their
production structures are locked into energy-intensive sectors
[9]. Emission reduction policies change the marginal effect of
financial development on economic growth [10]. Financial
inclusion in emerging economies still has a net positive
impact on carbon footprint because it expands production and
consumption scales, and the emission reduction effect
materializes only when matched with renewable energy
transition [11]. There exists an inverted U-shaped relationship
between financial inclusion and environmental pollution:
initially increasing pollution but improving green
sustainability beyond a threshold [12]. Consequently, while
carbon emissions themselves may be positively associated
with current output, they act as a negative moderator on the
effect of financial accessibility. In high-carbon counties, the
marginal benefit of financial accessibility is attenuated
because the existing industrial structure resists rapid
decarbonization and credit may still flow to conventional
high-carbon sectors. This leads to Hypothesis 3: Carbon
emissions negatively moderate the effect of financial
accessibility on county economic development. Specifically,
the positive impact of financial accessibility is smaller in
high-carbon counties than in low-carbon counties.

Understanding the mechanisms through which financial
accessibility affects county development is essential. Two
channels are particularly relevant: technological innovation
and industrial structure upgrading. Financial inclusion
promotes regional development by stimulating technological
innovation, which serves as an important transmission
channel [4]. Improved financial accessibility reduces firms’
R&D financing costs, increases patent applications, and
enhances regional innovation capacity [5]. Finance guides
capital to high-efficiency sectors, promotes industrial
upgrading, and reduces resource misallocation [6]. Digital
financial inclusion significantly promotes high-quality
economic development by boosting technological innovation
and accelerating industrial upgrading [7]. Industrial structure
upgrading is a key mediating channel through which financial
inclusion reduces regional disparities [13, 14]. Financial
inclusion reduces regional disparities by easing financing
constraints for innovative subjects and improving total factor
productivity and green technology innovation level [7].
Formal credit accessibility significantly enhances the
performance of micro, small and medium enterprises, with
stronger marginal effects for firms in less developed regions,
generating economic convergence effects [15]. Based on
these arguments, we propose Hypothesis 4a: Technological
innovation mediates the positive relationship between
financial accessibility and county economic development.
Hypothesis 4b: Industrial structure upgrading mediates the
positive relationship between financial accessibility and
county economic development.

3. Research Design

3.1. Data Sources

The data used in this paper come from five main sources.
County-level nighttime light data are derived from the
DMSP-OLS and NPP-VIIRS satellite remote sensing
products released by the National Oceanic and Atmospheric
Administration of the United States. After cross-sensor
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calibration, these data form annual mean nighttime light
brightness for Chinese counties from 2000 to 2019. The
original resolution of the data is 1 kilometer, and this paper
aggregates themto the county level to obtain the average light
intensity for each county. Carbon dioxide emission data are
taken from the carbon emission grid database of the Center
for Global Environmental Research, which provides monthly
carbon dioxide emission estimates at a spatial resolution of 1
kilometer. After similarly clipping and aggregating by county
boundaries, the annual total carbon dioxide emissions for
each county are obtained, and the natural logarithm is taken
and denoted as Inco2.

Financial branch data come from the financial license
information published by the China Banking and Insurance
Regulatory Commission. This dataset records the names,
addresses, approval establishment dates, and closure dates of
more than 250,000 financial institution branches across the
country since 1949. Based on the registered address of each
branch, this paper uses the Baidu Maps geocoding interface
to parse its longitude and latitude coordinates, then matches
them to the corresponding county, and determines the number
of branches surviving in each year according to the
establishment and closure dates. Three financial accessibility
indicators are obtained accordingly: the total number of
financial branches in the county (Infinance), the number of
branches per ten thousand personsin the county (Infinance2),
and the number of branches persquare kilometerin the county
(Infinance3). To mitigate heteroscedasticity, all three
indicators enter the regression models in natural logarithm
form.

County-level socioeconomic data mainly come from the
China County Statistical Yearbook, the China Economic Net
Statistical Database, and the EPS Data Platform overthe years.
Variables extracted from these sources include gross domestic
product, value added by three industries, year-end resident
population, number of secondary school students,
administrative area, value added by secondary industry, etc.
Based on these raw data, this papercalculates per capita GDP
and its square term, population density, education level
(proportion of secondary school students), and industrial
structure (share of secondary industry value added in GDP)
as control variables. County-level patent application data
come from the official website of the China National
Intellectual Property Administration. By using the advanced
search function to restrict the patent application address and
application year, the number of invention patent applications
in each county is counted year by year, and the natural
logarithm is taken and denoted as Inpatent. The industrial
structure upgrading index is calculated as a weighted sum of
the three industries' value added shares, specifically: share of
primary industry multiplied by 1, plus share of secondary
industry multiplied by 2, plus share of tertiary industry
multiplied by 3. This index is denoted as ind_stru_up.

The sample period of this paper covers Chinese county-
level units from 2000to 2019, excluding Hong Kong, Macau,
and Taiwan. Considering that municipal districts may have
systematic differences from ordinary counties in economic
development and financial resource distribution, municipal
district samples are excluded in the robustness checks.

3.2. Variable Definitions and Measurement

The dependent variable is the actual level of county
economic activity, measured by nighttime light intensity.
Nighttime light data capture spatial differences in economic



activity and have the advantage of being free from statistical
changes and human manipulation compared to indicators
such as per capita GDP. The nighttime light data used in this
paper have been calibrated across sensors to form a
temporally continuous series from 2000 to 2019, and then the
original annual mean light brightness is standardized by year
using Z-score. A positive value of this indicator means that
the county's light brightness in that year is higher than the
average level of all counties, while a negative value means it
is lower than the average. Its change reflects the shift in the
county's relative position in the overall distribution.

The core independent variable is county-level financial
accessibility. Financial accessibility —measures the
convenience with which market entities obtain financial
services. This paper uses the number of financial institution
branches within the county to capture this concept. According
to the financial license information of the China Banking and
Insurance Regulatory Commission, this paper counts the
number of financial branches actually surviving in each
county each year, takes the natural logarithm, and denotes it
as Infinance. Considering that counties differ in population
size and land area, the total number of branches alone may
notaccurately reflect the actual accessibility forresidents and
firms. Therefore, this paper constructs two relative indicators.
The first is the number of financial branches per ten thousand
persons, which is obtained by dividing Infinance by the
county's resident population and then taking the natural
logarithm, denoted as Infinance2. The second is the number
of financial branches persquare kilometer, obtained by taking
the natural logarithm of Infinance divided by the county's
administrative area, denoted as Infinance3. These three
indicators capture different aspects of county financial
accessibility and are separately included in the baseline
regressions to test the robustness of the results.

The moderating variable is county-level carbon dioxide
emissions, and the mediating variables include technological
innovation and industrial structure upgrading.

Control variables mainly include economic development
level, population density, education level, and industrial
structure. Economic development level is measured by the
natural logarithm of per capita GDP and its square term,
denoted as Inpgdp and Inpgdp2, to capture possible nonlinear
relationships. Per capita GDP data are taken from the county
statistical yearbooks and are calculated at current prices.
Population density is the county's resident population divided
by its administrative area, denoted as density. Education level
is measured by the proportion ofsecondary school students in
the year-end resident population, denoted as edu. Industrial
structure is measured by the share of secondary industry value
added in GDP, denoted asind. The above control variables are
widely used in the existing literature on regional development
and financial accessibility and can help mitigate omitted
variable bias in terms of economic scale, population
agglomeration, human capital, and the degree of
industrialization. Descriptive statistics for all variables are
presented in Table 1.
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Table 1. Descriptive Statistics

Variable mean sd min max
dn_std 0.000 1.000 -0.783 12.383
Infinance 3.558 1.052 0.000 7.252
Infinance2 0.704 0.394 0.000 4.517
Infinance3 0.503 0.296 0.000 3.365
Inco2 12.492 1.866 0.000 17.082
Inpatent 3.525 2.285 0.000 12.621
ind_stru_up 208.810 23.190 4.847 318.548
Inpgdp 1.140 0.630 0.068 3.808
density 0.069 0.261 0.000 14.500
edu 0.053 0.034 0.000 4.275
ind 0.409 0.162 0.008 0.954

3.3. Econometric Models

To examine the impact of financial accessibility on county
development, this paper specifies the following two-way
fixed effects panel model as the baseline regression equation.

(1)

Where the subscripts ¢ and t denote county and year,
respectively. The dependent variable DN, is the year-
standardized nighttime light intensity, which captures the
actual level of county economic activity. The core explanatory
variable Finance. is measured by three indicators: the
natural logarithm of the total number of financial branches in
the county (Infinance), the natural logarithm of the number of
branches per ten thousand persons (Infinance2), and the
natural logarithm of the number of branches per square
kilometer (Infinance3). X, is a set of control variables,
including percapita GDP, its square term, population density,
education level, and the share of secondary industry. p and
o, denote county fixed effects and year fixed effects,
respectively; the former controls for time-invariant county
characteristics, and the latter controls for common time
shocks at the national level. g, is the random error term. To
address potential heteroscedasticity and within-county
autocorrelation, all regressions use county-level cluster-
robust standard errors.

Based on the baseline regression, this paper further
investigates the moderating effect of carbon emissions on the
impact of financial accessibility. The following model with an
interaction term is constructed.

DN =a+BFinance  +yX +p 3, +e

DN = a + B Finance . + B,InCO, , + ps(Finance ., X
InCOy ) +yXer + e+ 6 + &0 (2)

Where InCO, , is the natural logarithm of the county’s
total carbon dioxide emissions. The coefficient §; on the
interaction term is the main focus. If it is significantly
negative, it indicates that carbon emission pressure weakens
the promoting effect of financial accessibility on county
development, i.e., carbon emissions have a negative
moderating effect.

To identify the channels through which financial
accessibility affects county development, this paper employs
a mediation effect model. Following the three-step method of
Baron and Kenny (1986), the following equations are
specified.

M, = a + aFinance,; + yX.; +u.+96, +e., ()

DN.. = a + cFinance  + bM,; + Y X + e + 6, + €. (4)



Where M, is the mediating variable, which is taken as
either the natural logarithm of the county’s invention patent
applications (Inpatent) or the industrial structure upgrading
index (ind_stru_up). The first step examines the effect of
financial accessibility on the mediator, i.e., whether the
coefficienta is significant. The second step adds the mediator
to the baseline regression and examines the significance ofthe
coefficient b and the change in the coefficient ¢ relative to 8
in the baseline regression.

To address potential endogeneity problems arising from
reverse causality and omitted variables between financial
accessibility and county development, this paper uses a two-
stage least squares instrumental variable approach. The
instrumental variable is constructed as the arithmetic mean of
financial accessibility of other counties within the same
prefecture-level city, excluding the county itself. This
variable is highly correlated with local financial accessibility,
and given the exogeneity of prefecture boundaries, it is
reasonable to assume that financial supply in other counties
doesnot directly affect the economic developmentofthe focal
county but only indirectly affects it through local financial
accessibility. The first-stage regression reports the F-statistic
of the instrumental variable to test for weak instruments, and
the second-stage regression reports the estimated coefficient
of'the core independent variable. All endogeneity tests control
for county and year fixed effects and use cluster-robust
standard errors at the prefecture level.

4. Empirical Results

4.1. Baseline Regressions

Table 2 reports the baseline regression results of financial
accessibility on standardized nighttime light intensity at the
county level. Column (1) includes only the core independent
variable Infinance, without any fixed effects or control

variables. Its coefficient is 0.044 and is significant at the 1%
level. Column (2) adds year fixed effects and county fixed
effects to Column (1), and the coefficient ofInfinance is 0.042,
still highly significant. These two columns preliminarily
indicate a positive association between financial accessibility
and county nighttime light intensity, although the models
have not yet controlled for other factors that may affect
county economic development. Column (3) further adds
control variables including per capita GDP and its square term,
population density, education level, and the share of
secondary industry. The results show that the coefficient of
Infinance is 0.048, remaining significant at the 1% level,
indicating that the promoting effect of financial accessibility
remains robust after controlling for county characteristics and
economic development levels. In terms of coefficient
magnitude, a 1 percentage point increase in the number of
financial branches is associated with an approximately 0.048
standard deviation increase in standardized nighttime light
intensity. Given that the dependent variable has been
standardized, this effect has a clear economic meaning:
improved financial accessibility can significantly raise the
level of county economic activity relative to the national
average across counties.

Columns (4) and (5) replace the core explanatory variable
with the number of financial branches per ten thousand
persons (Infinance2) and the number of branches per square
kilometer (Infinance3), respectively. Their coefficients are
0.097 and 0.140, both significant at the 1% level. Because the
units of measurement of Infinance2 and Infinance3 differ
from that of Infinance, the magnitudes of the coefficients are
not directly comparable across columns, but the consistent
sign and significance indicate that regardless of the measure
used, improved financial accessibility significantly promotes
county development.

Table 2. Main Regressions

Variable @))] 2)
Infinance 0.044™ 0.042°"
(16.954) (7.185)
Infinance2
Infinance3
Controls No No
Year FE No Yes
Individual FE No Yes
Observations 56240 56240
R-squared 0.001 0.002

The above results support the core hypothesis of this paper
that financial accessibility can effectively promote county
economic development. An increase in the number of
financial institution branches reduces the transaction costs for
market entities to obtain credit resources, improves the
efficiency of financial resource allocation, and thus provides
financial support for county economic growth. Meanwhile, all
three financial accessibility indicators yield the same
conclusion, enhancing the reliability of the baseline results.

4.2. Robustness Checks

To ensure the reliability of the baseline regression results,
this paper conducts robustness checks from several
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3) “) (5)
0.048
(6.921)
0.097"""
(5.216)
0.140""
(5.644)
Yes Yes Yes
Yes Yes Yes
Yes Yes Yes
28073 28073 28073
0.021 0.021 0.022

dimensions. First, standard errors are clustered at the
prefecture level to account for potential spatial correlationand
within-group autocorrelation among counties within the same
prefecture. Table 3 reports the corresponding estimates. The
coefficients of the three financial accessibility indicators are
0.048,0.097,and 0.140, respectively, identical to those in the
baseline regressions, with only slight decreases in t-values,
but the significance levels remain within 1%. This indicates
that the baseline results are notdriven by underestimation of
standard errors.



Table 3. Robustness: Clustering at Prefecture Level

Variable (1) ) 3)
Infinance 0.048™"
(5.043)
Infinance2 0.097"""
(4.604)
Infinance3 0.140""
(4.966)
Controls Yes Yes Yes
Year FE Yes Yes Yes
Individual FE Yes Yes Yes
Observations 28073 28073 28073
R-squared 0.021 0.021 0.022

Second, considering that municipal districts may have
systematic differences from ordinary counties in economic
development, financial resource density, and statistical
definitions, this paper re-runs the regressions after excluding
municipal district samples. Table 4 shows that the coefficients
of Infinance, Infinance2, and Infinance3 are 0.051,0.108, and
0.152, respectively, all higher than those in the baseline
regressions and still significant at the 1% level.

Table 4. Robustness: Excluding Municipal Districts

Variable
Infinance

Infinance2
Infinance3

Controls
Year FE
Individual FE
Observations
R-squared

(D
0.051°""
(7.339)

Yes

Yes

Yes
25294
0.042

@

0.108
(6.200)

Yes

Yes

Yes
25294
0.043

sk

3)

sk

0.152
(6.463)
Yes
Yes
Yes
25294
0.044

To further alleviate endogeneity concerns due to reverse
causality and omitted variables, this paper employs a two-
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stage least squares instrumental variable approach. The
instrumental variable is the mean financial accessibility of
other counties within the same prefecture-level city,
excluding the county itself. Table 5 reports the IV estimation
results. In the first-stage regression, the coefficient of the
instrumental variable on Infinance is 0.992, with a t-value of
56.2, and the first-stage F-statistic is 3160.1, far above the
critical value for the Stock-Yogo test at the 10% bias level,
indicating that weak instrument bias is not a concem. In the
second-stage regression, the coefficient of Infinanceis 0.055,
significant at the 1% level, which is slightly larger than the
baseline coefficient 0f0.048 but consistent in sign, suppotting
the robustness of the causal inference.

Table 5. Endogeneity Test

dn_std Infinance
Variable (1) 2)
Infinance 0.055™
(3.601)
v 0.992™"
(56.215)
Controls Yes Yes
Year FE Yes Yes
Individual FE Yes Yes
Observations 28073 28073
F_first 3160.099

This paperalso conducts a placebo test to examine whether
the baseline results are driven by chance. Specifically, the
core independent variable Infinance is randomly shuffled
across all counties and years, and the baseline regression is
repeated 1,000 times, with the estimated coefficient recorded
each time. Figure 1 plots the kernel density distribution of
these 1,000 placebo coefficients. The true coefficient 0f0.048
lies at the far right of the distribution, and the absolute values
of all placebo coefficients are smallerthan the true coefficient,
with a p-value 0f 0.000. This suggests that the baseline result
is unlikely to have arisen by chance, further confirming the
statistical robustness of the promoting effect of financial
accessibility on county development.



Placebo Test: Randomly Shuffled Infinance
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Figure 1. Distribution of Placebo Estimates

4.3. Heterogeneity Analysis

The baseline regressions reveal the average promoting
effect of financial accessibility on county development, but
this effect may vary across counties with different
characteristics. This paper conducts subgroup regressions
from three dimensions: economic development level, initial
financial accessibility level, and economic growth rate, to
uncover the heterogeneous features of the effect of financial
accessibility. Table 6 reports the corresponding results.

The sample is divided into a high-development group and
a low-development group according to whether the county’s
per capita GDP in the base period is above the national county
median for that year. Columns (1) and (2) show that in the
high-development group, the coefficient of Infinance is 0.024,
significantat the 5% level. In the low-development group, the
coefficient is 0.074, significant at the 1% level, and its
magnitude is about three times that of the high-development
group. This difference suggests that financial accessibility has
a much stronger promoting effect on underdeveloped counties
than on developed counties. A possible explanation is that
developed counties already have relatively well-developed
financial infrastructure, so the marginal effect of further
improving financial accessibility diminishes, while
underdeveloped counties face more severe financing
constraints, and the entry of financial branches can unleash
greater growth potential.

The sample is divided into a high-initial-finance group and
a low-initial-finance group according to whether the county’s
number of financial branches per ten thousand persons in the
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base period isabove the national county median. Columns (3)
and (4) report the results. In the high-initial-finance group, the
coefficient of Infinance is 0.087, significant at the 5% level.
In the low-initial-finance group, the coefficientis 0.006, only
marginally significant at the 10% level and very small in
magnitude. This result may seem to contradict the findings
from the economic development level grouping, but it
actually reveals anotherimportant feature. In areas with very
low initial financial accessibility, the absolute number of
financial branches is very small, and even if the number
increases, the density remains low, making it difficult to
achieve scale effects in the short run. At the same time, these
areas are often economically backward with insufficient
financial demand, so the expansion of financial supply needs
to match the local industrial structure and enterprise needs,
and the effect may take longer to materialize.

The sample is divided into a high-growth group and a low-
growth group according to whether the county’s GDP growth
rate in the current year is above the national county median.
Columns (5) and (6) show thatin the high-growth group, the
coefficient of Infinance is 0.037, significant at the 1% level.
In the low-growth group, the coefficient is 0.069, also
significant at the 1% level, and notably larger. This indicates
that financial accessibility plays a stronger “timely assistance”
role in counties with relatively slow economic growth,
helping them catch up with high-growth areas by improving
credit availability. Froma policy perspective, tilting financial
resources toward low-growth areas may be more conducive
to promoting coordinated development across counties.



Table 6. Heterogeneity

High development | Low development
Variable (1) 2)
Infinance 0.024™ 0.074™
(2.307) (7.897)
Controls Yes Yes
Year FE Yes Yes
Individual FE Yes Yes
Observations 16695 11378
R-squared 0.022 0.036

Combining the three sets of heterogeneity analyses, the
promoting effect of financial accessibility is more
pronounced in counties with lower economic development
levels and slower growth rates, which provides empirical
support for narrowing county development gaps through the
optimization of financial geography. However, in areas with
very low initial financial accessibility, the short-term effect
has not yet materialized, suggesting that the improvement of
financial infrastructure is a long-term process that requires
supporting industrial policies and human capital
accumulation to fully play its role.

4.4. Moderating Effect Analysis

Having confirmed that financial accessibility significantly
promotes county development, this paper further examines
whether this effect is influenced by carbon emission
constraints by introducing interaction terms. Table 7 reports
the moderating effect estimates. Column (1) includes only
Infinance, control variables, and two-way fixed effects as a
baseline reference. Column (2) adds the carbon emission
variable Inco2 to Column (1); its coefficient is 0.010 and
significantly positive, indicating a positive association
between carbon emissions and county development, which
may reflect that counties with higher carbon emissions
typically have a stronger industrial base and consequently

High finance Low finance Fast growth Slow growth
(3) £ (4) * (5)*** (6)***
0.087 0.006 0.037 0.069
(2.075) (1.827) (4.070) (6.010)
Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes
13711 14362 17631 10442
0.068 0.765 0.020 0.034

higher economic output.

Column (3) presents the full moderating effect model,
adding the interaction term between Infinance and Inco2. The
coefficient of Infinance is 0.190, the coefficient of Inco2 is
0.030, and the coefficient of the interaction term
Infinance co2 isnegative andhighly significant. The negative
interaction coefficient has a clear economic meaning: the
promoting effect of financial accessibility on county
development weakens as the level of carbon emissions
increases. When the carbon emission level is low, the
marginal effect of financial accessibility is larger, and
financial institutions can allocate credit resources to clean
energy and green technology areas, promoting low-carbon
growth. When the carbon emission level is high, the county’s
economy may be locked into an energy-intensive, high-
emission industrial structure, making it difficult for financial
resources to achieve rapid green transformation even when
accessible, thereby weakening the promoting effect of
financial accessibility.

Columns (4) and (5) replace the core independent variable
with Infinance2 and Infinance3, respectively. The interaction
term coefficients are also negative and significant at the 5%
level. The signs of the interaction terms are consistent across
the three different measures, indicating that the negative
moderating effect of carbon emissions is robust.

Table 7. Moderating Effect

Variable (@) 2)
Infinance 0.048"™" 0.049™"
(6.921) (6.970)
Infinance2
Infinance3
Inco2 0.010™"
(3.336)
Infinance co2
Infinance2 co2
Infinance3 co2
Controls Yes Yes
Year FE Yes Yes
Individual FE Yes Yes
Observations 28073 28073
R-squared 0.021 0.021

The above results help to understand the complex
relationship between financial accessibility and carbon
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(3) 4 (5)
0.190"""
(5.097)
0.331"
(3.746)
0.413™
(3.551)
0.030""" 0.021°" 0.019™"
(4.918) (3.953) (3.808)
-0.012"™
(-3.815)
-0.019™
(-2.460)
-0.023™
(-2.175)
Yes Yes Yes
Yes Yes Yes
Yes Yes Yes
28073 28073 28073
0.023 0.022 0.023

emissions. Carbon emissions themselves do not directly
suppress county development; in fact, high-emission areas



tend to have higher economic output. However, by
moderating the effect of financial accessibility, carbon
emissions change the way financial resources promote
economic growth. In the context of the carbon peaking and
carbon neutrality goals, high-emission areas face greater
transition pressure, and part of the positive effect of improved
financial accessibility is offset by transition costs. This
implies that simply increasing financial supply is not enough
tonarrow county development gaps; green credit policies and
industrial upgrading support are also needed to fully realize
the promoting effect of financial accessibility.

4.5. Mediation Effect Analysis

The baseline regression and moderating effect analyses
have confirmed the promoting effect of financial accessibility
on county development and the negative moderation of
carbon emissions, but the channels through which financial
accessibility affects county development require further
examination. This paper tests the mediation effect through
two pathways: technological innovation and industrial
structure upgrading. Table 8 reports the estimates.

Column (1) takes the technological innovation variable
Inpatent as the dependent variable. The coefficient of
Infinance is 0.244, significant at the 1% level. This means that
for every 1 percentage point increase in financial accessibility,
the number of county invention patent applications increases
by about 0.244 percentage points. The increase in financial
branches lowers the threshold for firms to obtain R&D
financing, making it easier for innovative entities to access
long-term capital support. At the same time, the information
spillover effect brought by the agglomeration of financial
institutions also helps to stimulate local innovation vitality.
Column (2) adds Inpatent to the development regression
equation. The coefficient of Infinance falls from 0.048 in the
baseline regression to 0.046, and the coefficient of Inpatent is
0.009 and significantly positive. This indicates that
technological innovation plays a partial mediating role
between financial accessibility and county development.

Column (3) takes the industrial structure upgrading index
ind_stru_up as the dependent variable. The coefficient of
Infinance is 2.575, also significant at the 1% level. Improved
financial accessibility promotes the flow of credit resources
from low-efficiency sectors to high-efficiency sectors, driving
theupgrading of the three industrial sectors. Column (4) adds
ind_stru_up to the development regression equation. The
coefficientof ind_stru_up is0.001 and significantly positive.

Table 8. Mediation

Inpatent dn_std ind stru up = dn_std
Variable (1) 2) 3) 4)
Infinance 0244 | 0.046™" 2.575" | 0.044™
(7.353) (6.595) (7.151) (6.301)
Inpatent 0.009™"
(3.076)
ind_stru_up 0.001°"*
(3.317)
Controls Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Indlgg ual Yes Yes Yes Yes
Observations 28073 28073 27845 27845
R-squared 0.721 0.022 0.569 0.024
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In summary, financial accessibility not only directly
promotes county economic development but also generates
indirect effects through two pathways: stimulating
technological innovation and promoting industrial structure
upgrading. The technological innovation pathway reflects the
support of financial supply for R&D activities, while the
industrial structure upgrading pathway reflects the ability of
financial resources to optimize cross-sectoral allocation. The
two pathways complement each other and together constitute
an important mechanism through which financial
accessibility promotes county development. In the context of
the carbon peaking and carbon neutrality goals, strengthening
green technology innovation and clean industrial
transformation will be key to amplifying the positive effect of
financial accessibility.

5. Conclusions and Policy Implications

Using county-level panel data of China from 2000t0 2019,
this paper investigates the impact of financial accessibility on
county development from the perspective of financial
geography, and examines the moderating effect of carbon
emissions as well as the mediating transmission mechanisms
oftechnological innovation and industrial structure upgrading.
The main conclusions are as follows.

Improved financial accessibility significantly promotes
county economic development. Whether measured by the
total number of financial branches, the number of branches
per ten thousand persons, or the number of branches per
square kilometer, this positive effect is significant at the 1%
level. Heterogeneity analysis shows that the promoting effect
of financial accessibility is more pronounced in counties with
lower economic development levels and slower growth rates,
indicating that optimizing the financial geography helps
promote economic development in underdeveloped counties.
However, in areas with extremely low initial financial
accessibility, the short-term effect is not yet significant
because the density of branches has not reached an effective
threshold. This finding is not contradictory; instead, it
suggests that the improvement of financial infrastructure
needs to cross a critical scale and be coordinated with
industrial policies and human capital accumulation.

Carbon emissions have a negative moderating effect on the
role of financial accessibility. The interaction term analysis
shows that the coefficient of the interaction between financial
accessibility and carbon emissions is significantly negative,
indicating that carbon emission pressure weakens the
promoting effect of financial accessibility on county
development. In high-carbon-emission areas, traditional
industries are locked in and transition costs are high, making
it difficult for financial resources, even when accessible, to
quickly promote green and low-carbon transformation. This
finding reveals new challenges for financial support to county
development under the carbon peaking and carbon neutrality
goals.

Technological innovation and industrial structure
upgrading are two important mediating pathways through
which financial accessibility promotes county development.
Financial accessibility indirectly drives economic
development by increasing the number of county invention
patent applications and raising the industrial structure
upgrading index. This result implies that simply increasing
financial supply isnot sufficient to maximize its development
effect; strengthening innovation incentives and industrial
guidance is also necessary.



Based on the above conclusions, this paper proposes three
policy recommendations. First, optimize the spatial layout of
financial branches at the county level, with a focus on areas
that are economically lagging and have insufficient financial
accessibility. Policymakers should relax market access
conditions for financial institutions in underdeveloped
counties, encourage commercial banks and rural banksto set
up more branches, and promote the complementary role of
digital finance and traditional branches to improve the
accessibility of financial services. Second, promote the green
transformation of financial supply under carbon emission
reduction constraints. Financial institutions should
incorporate carbon emission indicators into credit approval
considerations, provide preferential financing for green
technology and clean energy projects, and implement
differentiated credit policies for high-carbon industries.
Government departments can reduce the financing costs of
green transformation in high-carbon areas through measures
such as green credit subsidies and carbon reduction support
instruments. Third, strengthen the mediating transmission
role of technological innovation and industrial structure
upgrading. At the county level, platforms for industry-
academia-research cooperation and green technology
innovation funds should be established to guide financial
resources toward technology fields with emission reduction
potential. At the same time, traditional industries should be
upgraded toward technology-intensive and knowledge-
intensive directions, so that improved financial accessibility
can truly translate into sustainable development momentum.

The limitations of this paper are that nighttime light data,
as a proxy variable for economic activity, still have
measurement errors, especially in agriculture-dominated
counties, where they may be underestimated. Future research
could further incorporate firm-level microdatato examine the
heterogeneous effects of financial accessibility on different
industries and types of enterprises within counties. In addition,
the moderating mechanism of carbon emissions on the effect
of financial accessibility awaits more in-depth causal
identification, for example by using policy shocks such as
environmental protection inspections and carbon trading
pilots for quasi-experimental studies.
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