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Abstract

Financial development can influence carbon emissions through capital allocation, techno-
logical support, and policy transmission. To investigate the inherent association between
grassroots inclusive financial institutions and territorial green transformation, this study
establishes a city-level panel dataset of the Yangtze River Delta urban agglomeration cover-
ing the period from 2010 to 2022. Within the analytical framework of the Spatial Durbin
Model, this research decomposes the baseline effect, functional transmission pathways,
and cross-sectional heterogeneity of the impact of the development of small loan company
(SLC) providers on urban carbon intensity. The results show that SLC expansion signifi-
cantly increases local carbon emission intensity and produces spatial spillover effects across
neighboring cities. Mechanism analysis indicates that SLCs increase emissions mainly
by supporting the expansion of small- and micro-sized enterprises in energy-intensive
manufacturing sectors, while their role in promoting green technological innovation re-
mains limited. Further analysis shows that local government willingness to pursue green
transition weakens the carbon-increasing effect of SLCs, whereas digital inclusive finance
strengthens it. The effect also varies by location and regulatory environment, with stronger
effects in medium-distance cities and under lower regulatory intensity. These findings
reveal how grassroots inclusive financial institutions affect regional carbon outcomes and
offer policy implications for aligning inclusive finance with green transition goals. This
paper innovatively transcends the conventional low-carbon research paradigm focusing
on macro-finance and large formal financial institutions, and instead takes SLCs, a typical
micro-level inclusive finance entity, to explore their unique paths affecting regional carbon
emissions, and clarifies their action boundaries from multiple dimensions including gov-
ernment governance and digital finance empowerment, which enriches interdisciplinary
research literature integrating inclusive finance and low-carbon economy. But this study
has limitations: its sample is limited to the Yangtze River Delta urban agglomeration,
so the universality of the conclusion needs further verification. This research provides
theoretical support and policy reference for regulating the sustainable development of the
small loan industry, promoting the integration of inclusive finance and green low-carbon
transformation, and advancing high-quality regional low-carbon development.

Keywords: small loan company (SLC); carbon emission intensity; spatial Durbin model;
Yangtze River Delta urban agglomeration
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1. Introduction
Amid accelerating climate change, carbon emission intensity has become an important

indicator for assessing regional progress toward green transformation and sustainable
development. China, as the world’s largest annual carbon dioxide emitter, plays a cen-
tral role in global climate governance. Its emission reduction commitments and evolving
low-carbon governance framework have therefore attracted sustained attention. As critical
spatial nexuses of population concentration, industrial activity, and energy consumption,
urban agglomerations play an essential role in national carbon mitigation strategies. There-
fore, understanding the spatiotemporal dynamics of carbon emission intensity, as well
as the socioeconomic, technological, and institutional drivers behind them, provides an
important analytical basis for assessing policy coherence, implementation effectiveness,
and pathway feasibility in relation to national decarbonization goals. The Yangtze River
Delta urban agglomeration stands as both a critical national manufacturing base and a
principal energy consumption hub, while also functioning as a trailblazing pilot zone for
green and low-carbon transition pathways [1] for green transformation and low-carbon
development. As such, a rigorous examination of the determinants of carbon emission
intensity in the Yangtze River Delta urban agglomeration, together with their spatial in-
terdependence, including spillover and convergence effects, has substantial theoretical
significance and practical relevance for advancing high-quality regional development and
ecological civilization construction.

Regional carbon emission intensity is influenced by multiple factors, including the
level of economic development, industrial structure, technological progress, energy struc-
ture, and financial development. Among these factors, financial development has received
increasing attention for its role in linking capital allocation with regional low-carbon transi-
tion [2]. Existing studies have mainly examined formal credit channels and green financial
instruments, such as commercial bank credit, green loans [3], and green bonds [4], and have
shown that these mechanisms can affect carbon emission intensity by directing capital to-
ward low-carbon activities, improving resource allocation, and pricing environmental risk.
However, the environmental effects of SLCs, a key type of inclusive financial institution
in China, remain underexplored. As specialized credit providers for small- and micro-
sized enterprises (SMEs), SLCs have long been embedded in county-level economies and
grassroots industries. Their credit allocation may influence the production decisions, tech-
nology choices, and energy consumption patterns of a large number of small businesses [5].
In theory, SLCs may contribute to carbon reduction by easing financing constraints and
supporting green technological innovation [6]. However, many SMEs are concentrated in
lower-end segments of industrial chains, where energy efficiency is often relatively low.
In addition, SLCs may lack mature green credit screening mechanisms and environmen-
tal risk assessment systems. For this reason, their credit expansion may increase carbon
emission intensity by supporting the expansion of energy-intensive and high-emission
production activities.

Theoretically, existing research on the nexus between finance and carbon emissions
has long centered on traditional formal financial institutions such as commercial banks [7]
and securities firms [8]. Such literature fails to establish a multi-layered financial transmis-
sion framework and cannot disentangle the differentiated carbon abatement pathways of
heterogeneous financial capital. Practically, numerous micro and small enterprises and
county-level business entities rely on SLCs for financing [9], and the production activities
of these entities generate substantial regional carbon emissions [10]. Meanwhile, the credit
operations of SLCs not only affect the carbon emission intensity of host cities but may also
exert spatial spillover effects via industrial linkages, factor mobility, and demonstration
mechanisms. This mismatch between theoretical research frameworks and real-world
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conditions underscores an urgent need to empirically examine the actual impact of SLCs
on carbon emission intensity.

Existing international literature still exhibits notable limitations across three dimen-
sions: research subjects, spatial scales, and mechanism identification. Regarding research
subjects, international studies predominantly focus on broadly defined microfinance insti-
tutions in developing countries, whose organizational forms and regulatory frameworks
differ markedly from SLCs in the Chinese context; such institutional heterogeneity renders
existing conclusions not directly applicable [11,12]. In terms of spatial scales, international
spatial analyses involving microfinance and carbon emissions mostly rely on macro-level
panel data at the national or continental scale, making it difficult to capture the refined
spatial interaction patterns within urban agglomerations shaped by industrial division
of labor and factor mobility [13–15]. Regarding mechanism identification, international
research largely depends on macro-level mediating variables such as the share of renewable
energy and agricultural value added, failing to drill down to the scale expansion and
efficiency improvement of small and micro enterprise manufacturing [16,17]. Grounded
in SLCs as a micro-level financial entity in China, this paper combines spatial economet-
ric analysis with mechanism research to contribute empirical evidence from the Yangtze
River Delta urban agglomeration to the theoretical framework of environmental effects of
microfinance institutions.

Based on a systematic review of existing research shortcomings and distinguishing
features, the core innovations of this paper are summarized in three aspects. First, inno-
vation in research perspective: this paper incorporates microfinance institutions into the
research framework of carbon emission intensity in urban agglomerations, enriching the re-
search dimensions of carbon emission mechanisms of financial entities. Second, innovation
in theoretical framework: existing studies mostly endorse the positive carbon reduction
effect of financial development, yet lack discussion on grassroots financial logic; this paper
complements the theoretical transmission framework between financial institutions and
carbon emissions by incorporating realistic constraints such as the low energy efficiency
and high energy consumption characteristics of small and micro enterprises. Finally, inno-
vation in empirical research: this paper introduces a spatial econometric analysis paradigm
to empirically identify the effect of SLC development on carbon emission intensity in
urban agglomerations and clarify the intrinsic mechanisms through which microfinance
institutions drive regional low-carbon transformation.

This study explores the effect of SLC development on urban carbon emission intensity
and the mechanisms through which this effect occurs, using panel data from 27 prefecture-
level cities in the Yangtze River Delta urban agglomeration from 2010 to 2022. It adopts a
spatial econometric model to assess both local effects and spatial spillovers across cities.
Based on the resource endowments and practical characteristics of the Yangtze River Delta
urban agglomeration, this study systematically analyzes how SLCs affect carbon emis-
sion intensity covering impact patterns, transmission channels and spatial interactions.
It not only fills the gaps of current theoretical systems, but also provides key empirical
support and practical reference for green, differentiated and collaborative carbon reduction
governance through inclusive finance in urban agglomerations, and is also of great theoret-
ical and practical significance for promoting the interdisciplinary integration of financial
geography and environmental economics.

The remainder of this paper proceeds with the following chapter arrangement.
Section 2 conducts a literature review by synthesizing relevant studies and proposes
research hypotheses through logical deduction. Section 3 introduces sample data sources,
variable selection criteria and the construction process of econometric models. Section 4
presents empirical examination. Section 5 discusses the mechanisms and conducts an
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in-depth analysis of the inherent logic based on empirical findings. Section 6 concludes the
paper and puts forward targeted recommendations.

2. Literature Review and Research Hypotheses
2.1. Determinants of Carbon Emissions

Finance has a particularly important role. By allocating capital, pricing risk, and
influencing investment decisions, financial systems can affect the scale, structure, and
technological efficiency of economic activity, with important implications for carbon emis-
sions [18]. Existing studies have identified several channels through which finance affects
emissions, including capital-driven expansion in production scale [19], industrial restruc-
turing through credit screening and investment selection [20,21], and efficiency gains
associated with green technological innovation [22,23]. The effect of financial development
on carbon emissions is therefore neither uniform nor linear. It varies with the stage of
financial development, the structure of the financial system, and the orientation of public
policy. Financial development may also affect carbon emissions beyond local administrative
boundaries. Financial capital, credit relationships, and investment networks can connect
firms and regions, thereby strengthening the spatial dependence of carbon emissions. For
example, financial geographic density has been found to be positively associated with local
carbon emission intensity, while higher financial geographic density in neighboring regions
is associated with lower local carbon emission intensity [24]. Evidence further shows that
financial development can reduce carbon emissions through both local and spillover effects,
although the direction of the spillover effect varies by development context: it reduces
emissions in surrounding areas in developed countries but increases them in surrounding
areas in developing countries [25].

Existing studies have explored the environmental effects of financial development
mainly through macro-level indicators, including credit scale [26], financial structure [27],
and carbon finance [28]. More recent research has shifted attention to financial institutions
themselves, although the focus has largely remained on large conventional institutions,
such as banks, securities firms, and insurance companies [29]. Their lending policies,
investment decisions, and risk preferences influence the allocation of social capital and the
efficiency of resource use [30–32], making them an important link between financial supply
and carbon emissions in the real economy. For example, bank lending to governments and
firms, together with corporate deposits, has been found to have a statistically significant
positive relationship on regional carbon emissions in a panel fixed-effects model [33]. In
the insurance sector, the environmental effects vary across institutional contexts: in the
European Union, a more developed insurance sector is associated with both GDP growth
and lower carbon emissions, whereas in Central and Eastern Europe, insurance expansion
supports economic growth but has no statistically significant effect on emissions [34]. This
heterogeneity is attributed to differences in sectoral development, environmental regu-
latory stringency and enforcement, and the market uptake of green insurance products.
However, large conventional financial institutions often have high service thresholds. Strict
credit requirements, collateral demands, and standardized risk assessment procedures can
exclude many financially marginalized groups, including smallholder farmers, informal
micro-entrepreneurs, and low-income households, from formal financial services [35–37].
Such exclusion has implications for carbon mitigation, as it leaves the carbon footprint of
these groups’ economic activities largely outside formal financial governance and limits
their access to finance for green transition needs, such as energy-efficient equipment up-
grades and clean cooking solutions. Microfinance and inclusive finance are often discussed
in this context, since they are designed to serve people and businesses that lack access to
traditional banking services. For example, the United Nations Educational, Scientific and
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Cultural Organization defines microfinance as financial services for low-income individuals
or groups who are typically excluded from traditional banking due to poverty, lack of
collateral, or limited credit history, while the Consultative Group to Assist the Poor (CGAP)
defines financial inclusion as access to affordable, responsible financial services for people
and businesses. Against this background, SLCs have become environmentally relevant
actors. By providing inclusive, smaller-scale, and more locally adapted credit, they may
ease financing constraints for underserved groups and support low-carbon investments at
the grassroots level [38].

Research on the environmental effects of SLCs remains limited. Related evidence
has mainly come from studies on microfinance institutions (MFIs), which provide inclu-
sive credit to underserved households and small businesses. This literature suggests that
inclusive finance can support emission reduction when it is linked to green lending, envi-
ronmental risk management, or clean energy adoption. Green lending and environmental
risk management within MFIs have been found to reduce greenhouse gas emissions [10].
Microfinance has also been shown to support rural access to solar energy, especially
through loan programs for solar lanterns and solar home systems, with potential effects on
household energy use and carbon footprints [39]. Evidence from an unbalanced panel of
274 MFIs in Southeast Asia from 2000 to 2014 further shows that microfinance activity,
measured by the number of borrowers, outstanding loans, and average loan size relative to
gross national income Per Capita, is negatively associated with agricultural greenhouse
gas emissions [13]. Yet, the environmental effects of microfinance and related inclusive
financial institutions vary across socioeconomic and institutional contexts. Since MFIs are
geographically embedded institutions, their lending activities are closely connected to local
industrial structures [40]. For instance, evidence from 2064 microfinance institutions in
94 countries from 2007 to 2018 shows that institutions located in countries with greater
socioeconomic freedom and higher levels of human development are more likely to provide
financing and investment support for environmentally friendly projects [41].

However, existing literature has largely focused on the direct environmental effects of
the greening operations of microfinance institutions, while lacking a systematic analysis
of the mechanisms through which they affect carbon emissions. Although the roles of
geographical embeddedness and institutional environments have been explored, the spatial
dimension has not been incorporated into the analytical framework, rendering it impossible
to identify the local effects and spatial spillover effects of microfinance credit allocation. In
view of this, it is necessary to integrate the theory of spatial embeddedness from financial
geography with spatial econometric methods to re-examine the spatial boundary conditions
of the environmental effects of SLCs.

2.2. Effects of MFIs

From the perspective of financial geography, the operational performance and multi-
dimensional externalities of microfinance institutions are profoundly shaped by geograph-
ical space. Financial geography emphasizes that financial activities do not unfold in a
homogeneous abstract space [42], but are deeply embedded in specific local institutional
environments, resource endowments, and social relation networks; consequently, their
social, economic, and environmental effects exhibit significant spatial heterogeneity [43].
Variations in financial accessibility, institutional thickness, regulatory intensity, and ecolog-
ical vulnerability across different geographical regions collectively constitute the spatial
context for microfinance institution activities, thereby influencing their credit allocation
patterns and sustainable development performance [44].

In terms of social impact, the welfare effects of MFIs are often assessed through
changes in clients’ well-being, including health, education, housing security, and life
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satisfaction [45]. Hossain’s research confirms that microfinance institutions providing basic
financial services to low-income rural populations can effectively help them withstand the
impact of poverty [46]. Economically, MFIs can affect household livelihoods, corporate
performance, and poverty reduction by widening access to small-scale financial services.
Microfinance has been found to improve the performance and survival prospects of micro-,
small-, and medium-sized enterprises by easing working capital constraints [47].

With respect to environmental impact, existing studies suggest that MFIs may either
reduce or increase carbon emissions, depending on how credit is allocated and how envi-
ronmental considerations are incorporated into lending practices. One strand of research
emphasizes the emission-reducing potential of green microfinance. At the theoretical level,
microfinance has been linked to grassroots environmental action when environmental goals
are incorporated into local development and lending practices [48]. Empirical studies pro-
vide further support for this view. Evidence from Southeast Asia shows that microfinance
activity is negatively associated with agricultural greenhouse gas emissions. Microenter-
prises supported by green microcredit have been found to show stronger environmental
orientation and greater potential for local ecological sustainability than conventional mi-
croenterprises [49]. MFIs may also contribute to environmental sustainability by supporting
investment in renewable energy and energy-saving technologies [50].

A second strand of research draws attention to the environmental risks associated
with microfinance. These risks arise from the objectives of MFIs, the characteristics of their
borrowers, and the regulatory environments in which lending takes place. In many cases,
both MFIs and borrowers prioritize income generation and repayment capacity, while the
ecological costs of financed activities receive less attention. As a result, microcredit may
contribute to resource overuse and environmental pollution when it supports activities with
high environmental burdens. Cross-country evidence suggests that this risk is particularly
relevant in developing economies. MFIs located in Asian countries with higher carbon
emissions have been found to be less likely to integrate social, economic, and environmental
policies into their operations [41]. In rural areas, microcredit may also finance the purchase
of pesticides, fertilizers, livestock, and land, which can increase chemical pollution, waste
generation, and pressure on local ecosystems [51]. The absence of environmental regulation
can further amplify these risks. Without incentives for environmental assessment or
external regulatory pressure, MFIs may prefer clients with higher short-term returns even
when their activities carry substantial environmental costs [52].

2.3. Research Hypotheses
2.3.1. The Development of SLCs and Urban Carbon Emission Intensity

SLCs mainly serve SMEs, self-employed businesses, and farmers, which are often
underserved by conventional financial institutions [53]. By improving access to credit,
SLCs can ease financing constraints in production, operations, and innovation, thereby
supporting business expansion and efficiency improvement [54]. However, many of these
borrowers operate in labor-intensive or resource-intensive sectors and may have limited
capacity or incentives to adopt green technologies [55]. In addition, due to their own lending
preferences and relatively weak regulatory oversight, SLC funds may flow more readily to
energy-intensive and high-emission production activities than to low-carbon activities, such
as green technology research and development or upgrades to environmental protection
facilities [56]. In this case, SLC credit may have a stronger effect on production expansion
than on efficiency improvement, which may raise urban energy consumption and carbon
emission intensity [57]. The effect of SLCs may also extend beyond local boundaries
through interregional competition in environmental regulation, credit network linkages,
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and cross-regional flows of labor, capital, and other production factors. Given the preceding
analysis, the following hypothesis is advanced:

H1. The expansion of SLCs has the potential to raise urban carbon emission intensity and exhibits
pronounced spatial spillover effects.

2.3.2. Transmission Mechanisms Between SLC Development and Urban Carbon
Emission Intensity

SLCs can alleviate financing constraints for small and micro enterprises in general
manufacturing, promote firm entry and production capacity expansion [58], and thereby
elevate urban carbon emission intensity [59]. These enterprises predominantly engage in
labor- and resource-intensive production, with energy consumption per unit of output sig-
nificantly exceeding the industry average. Prolonged operations tend to solidify extensive
energy use patterns, generating path dependence in high-carbon energy consumption [60].
Meanwhile, through the transmission of industrial linkage effects, capacity expansion by
these enterprises stimulates the development of upstream high-carbon raw material ex-
traction industries [12] and triggers the agglomeration of regional freight logistics [61] and
supporting processing industries [62], further amplifying the aggregate carbon-augmenting
impact of credit expansion.

H2. The development of SLCs can increase urban carbon emission intensity by facilitating the
expansion of small and micro enterprises in general manufacturing.

The technology-innovation channel works in the opposite direction. SLCs may ease
financing constraints for SMEs engaged in research and development, technological inno-
vation [63], equipment upgrades, and process improvement. In principle, this can improve
production efficiency and energy use efficiency, thereby reducing carbon emission inten-
sity [64]. However, the emission-reducing potential of this channel may be limited in
the case of SLCs. Given their operational characteristics [65], business models, borrower
profiles, and regulatory environment, SLCs tend to provide short-term credit for liquidity
needs rather than long-term finance for green R&D [66]. This creates a mismatch between
SLC credit and green innovation projects, which often require longer investment horizons,
higher risk tolerance, and larger capital commitments [67]. As a result, SLCs may support
small-scale, short-term technical improvements, but they are less likely to finance long-cycle
and capital-intensive green innovation. Their ability to reduce carbon emission intensity
through technological upgrading is therefore likely to be constrained. Given the preceding
analysis, the following hypothesis is advanced:

H3. The transmission pathway through which SLCs leverage technological innovation to generate
carbon reduction effects may encounter obstacles.

2.3.3. Moderating Mechanisms Between SLC Development and Urban Carbon
Emission Intensity

The environmental effect of SLCs depends not only on their lending behavior, but also
on the institutional environment and technological context in which they operate. From
the perspective of the institutional environment, local government commitment to green
transition reflects the extent to which local authorities promote low-carbon socioeconomic
development through policy incentives and institutional constraints [68,69]. When this
commitment is strong, stricter standards, clearer policy guidance, and more effective
regulation may constrain SLC credit allocation [70,71], reduce lending to carbon-intensive
sectors, and weaken the carbon-increasing effect of SLC development [72,73].
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From the perspective of technological development, digital inclusive finance is re-
shaping microcredit services through broader coverage, deeper use, and higher levels
of digitization [74]. Broader coverage and deeper use can lower barriers to microcredit
services, but they may also extend credit to more lower-end segments of industrial chains
and carbon-intensive small enterprises with relatively low energy efficiency, thereby in-
creasing carbon emission intensity [75]. Although higher levels of digitization can improve
the enabling role of digital technologies, this role is currently reflected more in credit
approval and disbursement efficiency than in stronger capacity to identify green tech-
nologies or environmental risks. Digital inclusive finance may therefore accelerate credit
flows into carbon-intensive sectors and strengthen the carbon-increasing effect of SLC
development [76]. Therefore, this study proposes the following hypothesis:

H4. Local government commitment to green transition weakens the positive relationship between
SLC development and urban carbon emission intensity, whereas digital inclusive finance strengthens
this relationship.

2.3.4. Regional Heterogeneity in the Effects of SLC Development on Urban Carbon
Emission Intensity

Regional differences in factor endowments, location, technological capacity, and in-
dustrial development paths may lead to different environmental responses to the same
change in financial conditions [77,78]. Therefore, the effect of SLC development on urban
carbon emission intensity may vary across regions. On the one hand, the financial influence
of central cities tends to weaken with distance [79], which may create gradients among
surrounding cities in the timing of industrial transfer, the choice of industrial structure,
and the capacity to absorb technology spillovers. These differences may lead to varying
carbon-increasing effects of SLCs [80]. In nearby cities, the carbon-increasing effect may
be weaker or even insignificant due to earlier industrial transfer reception, stronger green
technology spillover effects, and industrial structure upgrading [81]. In medium distance
cities, which serve as preferred destinations for high energy consuming industrial transfers
with relatively lax environmental constraints and attenuated technology spillovers, SLC
capital may more readily flow toward capacity expansion, resulting in the strongest carbon-
increasing effect. In distant cities, the carbon-increasing effect may be relatively weaker
due to the inherently smaller scale of SLC credit allocation.

On the other hand, regulatory intensity toward SLCs also differs across regions. In
regions with stricter regulation, higher entry barriers, more standardized information
disclosure, and more frequent on-site inspections, SLCs may adopt more cautious lending
practices and embed environmental risk assessment more deeply into lending decisions. As
a result, their carbon-increasing effect may be institutionally suppressed and weaker [82].
Conversely, in regions with laxer regulation, SLCs may be more prone to neglect envi-
ronmental risk assessment driven by profit-seeking motives and over-allocate credit to
high-energy-consuming small and medium enterprises, leading to a more pronounced
carbon-increasing effect. Hence, this study proposes the following hypothesis:

H5. The effect of SLC development on urban carbon emission intensity may exhibit significant
regional imbalances.

3. Data and Methods
3.1. Model Construction

To assess the effect of SLC development on carbon emission intensity while accounting
for spatial dependence across cities, this study specifies a spatial econometric model using
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Stata 18. After a series of specification tests, the spatial Durbin model (SDM) is selected as
the preferred model.

CIit = ρWitCIit + αSLCit + βWitSLCit + cN∑N
i=1 WitConit + µi + γi + εi (1)

Wit =

{
1/dij ·

∣∣∣pgdpi − pgdpj

∣∣∣, i ̸= j

0, i = j
(2)

In Equation (1), CIit represents the carbon emission intensity of city i in year t; SLCit

denotes the number of SLCs in city i in year t; Wit is the inverse distance economic geo-
graphical nested matrix where dij denotes the shortest distance between city i and city j,
and pgdpi and pgdpj denote the average annual Per Capita GDP of cities i and j during the
sample period, respectively. This matrix simultaneously captures the dual spatial associ-
ation characteristics of geographic distance decay and regional economic similarity [83];
α is the regression coefficient of the core explanatory variable; β is the spatial regression
coefficient of the core explanatory variable; CN represents the coefficients of the control
variables; Conit is the vector of control variables for city i in year t; µi denotes city-fixed
effects; γi denotes time-fixed effects; and εi is an independently and identically distributed
random error term [84].

To identify the mechanisms through which SLC development affects carbon emission
intensity, this study tests two potential channels: the expansion of SMEs in general man-
ufacturing and technological innovation. The scale-expansion channel is proxied by the
annual number of newly established SMEs in general manufacturing, while technological
innovation is measured by the number of newly granted invention patents. A baseline
mediation model is specified as follows:

MEDit = ρWit MEDit + a1SLCit + β1WitSLCit + cN∑N
t=1 WitCONit + µi + γi + εit (3)

CIit = ρWitCIit + a1SLCit + β1WitSLCit + a2MEDit + β2Wit MEDit + cN∑N
t=1 WitCONit + µi + γi + εit (4)

In Equations (3) and (4), MED denotes the mediating variable.
To test whether external conditions shape the relationship between SLC development

and carbon emission intensity, this study explores the moderating roles of local govern-
ment commitment to green transition and digital inclusive finance. Local government
commitment to green transition is measured by the share of green fiscal expenditure in total
public fiscal expenditure. Digital inclusive finance is measured using the Peking University
Digital Financial Inclusion Index. The moderation model is specified as follows:

CIit = ρWitCIit + a1SLCit + β1WitSLCit + a2 MODit + β2Wit MODit + a3SLCit MODit

+β3WitSLCit MODit + cN∑N
t=1 WitCONit + µi + γi + εit

(5)

In Equation (5), MOD represents the moderating variable.

3.2. Variables

Dependent variable. Carbon emission intensity (CI) refers to the volume of carbon
dioxide emissions generated per unit of GDP. Carbon emission intensity can eliminate
biases arising from regional differences in economic scale, enabling a more objective
measurement of the intrinsic correlation between the development of SLCs and regional
low-carbon transition.

Core explanatory variable. SLC development is measured by the annual number of
small loan companies (SLCs) in each city. Specifically, this variable refers to the year-end
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number of SLCs that operate in a given city and have been approved and registered by
local financial regulatory authorities. It serves as an indicator of cross-city differences in
the development of SLCs.

Control variables. The control variables include Per Capita GDP (PGDP), govern-
ment fiscal pressure (FD), transportation resource allocation (ROAD), urbanization level
(URBAN), foreign trade dependence (FTD), human capital (EDU), and population density
(PD). PGDP is adopted to capture the nonlinear impact of economic development stages on
carbon emissions, which aligns with the core logic of the Environmental Kuznets Curve
hypothesis [85]. FD is measured by the ratio of general public budget expenditure to
general public budget revenue at the city level. In line with fiscal decentralization theory,
the fiscal revenue and expenditure status of local governments directly determines their
capacity to invest in environmental governance and enforce industrial policies [86]. ROAD
is quantified by the standard deviation of nighttime light intensity within each prefecture-
level administrative area. Based on new economic geography theory, the spatially balanced
allocation of transportation infrastructure shapes regional carbon emission patterns by
altering the efficiency of factor mobility and the spatial distribution of industries [87].
URBAN is measured by the share of permanent urban residents in the total permanent
population. The urbanization process exerts systematic impacts on carbon emissions by
reshaping population agglomeration patterns, energy consumption mixes and industrial
structure [88]. FTD is measured by the ratio of total imports and exports to regional GDP.
Drawing on the Pollution Haven Hypothesis and trade theories, foreign trade affects local
carbon emission levels through scale, composition and technique effects [89]. EDU is prox-
ied by the number of college students per 10,000 residents. The accumulation of human
capital serves as a critical source of green technological innovation, facilitating the adoption
of low-carbon technologies and the improvement of energy efficiency [90]. PD is measured
by the ratio of permanent resident population to administrative land area. Population
density influences carbon emissions via energy utilization efficiency, the share of public
transport and land use intensity [91].

Heterogeneity variables. Geographic location and SLC regulatory intensity are used
as grouping variables for the heterogeneity analysis. Geographic location (GL) is measured
by the distance from each city to the nearest provincial capital or sub-provincial central
city. SLC regulatory intensity (RI) is measured by the ratio of the number of revoked or
canceled SLCs in a given year to the total number of existing SLCs in that year.

3.3. Study Area

This study selects the panel data of 27 cities in the central area of the Yangtze River
Delta Urban Aggregation from 2010 to 2022 as the research sample (Figure 1). According
to the enterprise database of Qichacha, Jiangsu Province ranks first nationwide in the
number of microcredit companies, while Anhui and Zhejiang Provinces also occupy an
upper tier nationwide. Collectively, the Yangtze River Delta has cultivated a large-scale,
mature industrial cluster of microcredit institutions with strong representativeness. The
micro-manufacturing industry within the Yangtze River Delta outperforms other regions na-
tionwide in overall scale, spatial agglomeration degree and complete supporting industrial
chains, accompanied by prominent industrial radiation capacity and inter-industry linkage
effects [92]. Since the launch of the integrated development strategy for the Yangtze River
Delta, regional coordinated development has achieved breakthrough progress. The unified
integrated institutional framework has eliminated institutional barriers to the cross-city
flow of production factors. Accordingly, the region’s carbon emission evolution patterns
and spatial spillover effects differ substantially from those of other urban agglomerations in
China [93]. At the same time, its dense industrial activity and high energy demand create

https://doi.org/10.3390/su18168307

https://doi.org/10.3390/su18168307


Sustainability 2026, 18, 8307 11 of 26

considerable pressure for low-carbon transition and stricter ecological and environmental
regulation. Analyzing how SLC development affects carbon emission intensity in this
region is therefore important for understanding the relationship between inclusive finance
and regional low-carbon development.

Figure 1. Overview of the study area.

3.4. Data Sources and Description

Following the Outline Development Plan for Regional Integration of the Yangtze
River Delta issued by the CPC Central Committee and the State Council of the People’s
Republic of China, this study constructs a balanced panel dataset for 27 prefecture-level
cities in the Yangtze River Delta urban agglomeration from 2010 to 2022. Using collected
energy statistics, Provincial carbon emissions are quantified in accordance with the carbon
accounting approaches specified in the “2006 IPCC Guidelines for National Greenhouse
Gas Inventories”. Integration of DMSP-OLS and NPP-VIIRS nighttime light remote sensing
datasets enables further estimation of carbon emissions at the prefectural city scale [94,95].
DMSP-OLS datasets are available at https://www.ngdc.noaa.gov/ (accessed on 19 March
2024), while NPP-VIIRS satellite products can be accessed via https://eogdata.mines.edu/
(accessed on 19 March 2024) [84]. Other datasets are drawn from statistical yearbooks,
including the China City Statistical Yearbook, China Energy Statistical Yearbook, China En-
vironmental Statistical Yearbook, and provincial statistical yearbooks. Additional data are
obtained from municipal statistical bulletins on national economic and social development,
official sources from regulatory authorities such as the National Financial Regulatory Ad-
ministration and the China Securities Regulatory Commission, and firm-level information
from third-party databases such as Qichacha. Missing values are supplemented through
interpolation. Table 1 reports the descriptive statistics for all variables.

Table 1. Descriptive statistics for the main variables.

Variable Observations Mean Standard
Deviation Min Max

CI 351 0.891 0.330 0.312 2.184
SLC 351 38.157 25.263 2 125

PGDP 351 89,884.188 37,240.165 17,653.538 198,254.125
FP 351 1.477 0.523 0.555 3.411

ROAD 351 16.464 4.146 5.011 23.353
URBAN 351 0.663 0.106 0.368 0.896

FTD 351 0.534 0.578 0.015 5.249
PD 351 686.649 381.022 190.499 2371.866

EDU 351 16.126 20.857 0.499 97.270
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Table 1. Cont.

Variable Observations Mean Standard
Deviation Min Max

SMEs 351 1552.259 1441.117 45.000 8498
TECH 351 3277.422 5251.122 2 36,798
DIFI 351 209.828 86.832 42.340 361.066
GTI 351 0.0289 0.013 0.006 0.073
RI 351 0.188 0.170 0 0.600
GL 351 0.8426 0.617 0 2.508

4. Results
4.1. Baseline Regression

Before estimating the baseline model, this study conducted unit root tests and multi
collinearity tests for all variables, as well as a global spatial autocorrelation test for the
dependent variable. First, the Levin–Lin–Chu (LLC) and Im–Pesaran–Shin (IPS) unit root
tests are simultaneously employed to avoid the risk of spurious regression and ensure that
subsequent regression results reflect genuine relationships among variables rather than
common time trends. The results are reported in columns (1) to (4) of Table 2. The vast
majority of variables remain stationary at the 1% significance level, indicating that the
variables are not subject to common time trends overall. Second, variance inflation factors
(VIFs) were calculated to detect potential multicollinearity. As reported in column (5) of
Table 2, all VIF values are below 10, indicating that multicollinearity is unlikely to be a
serious concern.

Table 2. Results of the unit root and multicollinearity tests.

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

LLC p-Value IPS p-Value VIF

CI −4.914 0.000 −1.398 0.000
SLC −30.979 0.000 −7.042 0.081 2.240

PGDP −15.818 0.000 −2.775 0.003 5.720
FP −7.289 0.000 −3.816 0.000 1.870

ROAD −6.101 0.000 −3.088 0.001 3.760
URBAN −18.566 0.000 −4.078 0.000 8.100

FTD −11.945 0.000 −7.512 0.000 2.760
EDU −6.272 0.000 −0.441 0.670 3.840
PD −34.281 0.000 −3.858 0.000 2.220

Second, this study tests the global spatial autocorrelation of carbon emission intensity
in the Yangtze River Delta urban agglomeration from 2010 to 2022. The results are reported
in Table 3. During the sample period, Moran’s I is significantly negative in each year, with
all p-values below 0.01, indicating that carbon emission intensity exhibits a significant
high–low alternating spatial distribution pattern, rather than a conventional spatial ag-
glomeration pattern. The formation of this pattern is closely associated with competitive
differentiation among regions. For example, the gradient-based industrial division of
labor between core and peripheral cities, the “pollution haven” effect triggered by regional
disparities in environmental regulation intensity, and the siphon effect through which core
cities attract factors from surrounding areas may all contribute to the emergence of this
spatial pattern. This provides the primary rationale for employing spatial econometric
models rather than ordinary panel models in this study.
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Table 3. Global Moran’s I for carbon emission intensity.

CI Moran’s I p-Value

2010 −0.207 0.000
2011 −0.189 0.000
2012 −0.198 0.000
2013 −0.210 0.000
2014 −0.233 0.000
2015 −0.239 0.000
2016 −0.226 0.000
2017 −0.245 0.000
2018 −0.212 0.000
2019 −0.214 0.000
2020 −0.209 0.000
2021 −0.216 0.000
2022 −0.209 0.000

A series of diagnostic tests are conducted to select the optimal-fitting spatial regression
model, with the results summarized in Table 4. All four categories of Lagrange Multiplier
(LM) statistics are significant at the 1% level, verifying notable spatial interdependence
across the observed urban samples and thus ruling out the applicability of standard panel
models. Subsequently, Likelihood Ratio (LR) and Wald tests are employed to examine
whether the Spatial Durbin Model (SDM) can be simplified to the Spatial Error Model
(SEM) or Spatial Lag Model (SLM), and all test results strongly reject such simplification
possibilities. The Hausman test further excludes the random-effect specification and
supports the adoption of a fixed-effect framework. Additionally, separate LR tests for
individual and temporal effects yield significant outcomes, leading to the final adoption of
a two-way fixed-effects Spatial Durbin Model framework that controls for both city-specific
and year-specific unobserved heterogeneity.

Table 4. The results of spatial panel model specification tests.

Test Statistic p-Value

LM-error 58.009 *** 0.000
R-LM-error 23.815 *** 0.000

LM-lag 73.024 *** 0.000
R-LM-lag 38.830 *** 0.000

LR-SDM/SAR 58.06 *** 0.000
LR-SDM/SEM 40.91 *** 0.000

Wald-SDM/SAR 56.38 *** 0.000
Wald-SDM/SEM 100.60 *** 0.000

Hausman 202.75 *** 0.000
LR test for individual effects 101.45 *** 0.000

LR test for time effects 796.02 *** 0.000
Note: *** indicate significance at the 1% levels.

To assess the robustness of the estimation results, this study compares the SDM, spatial
autoregressive model (SAR), and SEM. The results are reported in Table 5. Under the
specification with time-fixed effects, the coefficients of the core explanatory variable have
consistent signs across the three models, and their statistical significance remains stable.
This suggests that the main findings are robust to alternative spatial model specifications.
Given the significant and stable spatial heterogeneity among cities in the Yangtze River
Delta urban agglomeration regarding their stages of economic development, industrial
structure, and environmental regulation intensity, and considering that model specification
requires a dual consideration of statistical tests and empirical identification strategies,
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introducing individual fixed effects tends to excessively absorb the cross-sectional variation
in the sample. This makes it difficult to effectively identify the true effect of the core
explanatory variable and may even lead to sign reversal of coefficients. Therefore, this
study controls only for time fixed effects in the benchmark regression to eliminate annual
macro shocks, without incorporating city individual fixed effects. In summary, this study
ultimately selects the Spatial Durbin Model (SDM) with time fixed effects as the benchmark
analysis model.

Table 5. Comparison of spatial panel model specifications.

SDM SAR SEM

Both Time Time Time

SLC 0.012
(0.020)

0.149 ***
(0.027)

0.129 ***
(0.023)

0.135 ***
(0.023)

Controls YES YES YES YES
City-fixed effect YES NO NO NO
Time-fixed effect YES YES YES YES

R2 0.492 0.327 0.352 0.610
Observations 351 351 351 351

Note: *** indicate significance at the 1% levels; data in parentheses are robust standard errors.

Finally, the baseline regression results in Table 6 show that SLC development is pos-
itively associated with local carbon emission intensity, with a coefficient of 0.149 and
significance at the 1% level. The direct effect coefficient of SLCs is 0.142, significant at the
1% level; the indirect effect coefficient reaches 1.259, and the total effect coefficient is 1.401.
This reveals an important issue in the process of inclusive finance development: while SLCs
help alleviate financing constraints for SMEs, they may also generate negative environmen-
tal externalities. Currently, the microcredit industry generally lacks effective mechanisms
to guide green lending, and the SMEs served tend to be driven by short-term profit motives,
directing newly acquired credit resources primarily toward high-energy-consuming and
high-emission production activities. As a result, the scale expansion effect brought about
by SLC growth outweighs the efficiency improvement effect. Moreover, The spatial au-
toregressive coefficient is estimated at −0.193 but is not statistically significant, suggesting
that within the sample period, cities in the Yangtze River Delta do not exhibit significant
endogenous spatial dependence in carbon emission intensity; that is, local carbon emission
levels are not materially influenced by the carbon emission intensity of neighboring cities
in an endogenous manner. By contrast, the spatial lag coefficient of the small loan company
explanatory variable is significantly positive, confirming that the carbon emissions trig-
gered by SLC expansion manifest a pronounced exogenous spatial spillover effect. This
implies that the growth of local microcredit not only intensifies local pollution but also
diffuses pollution effects to neighboring regions through industrial linkages, factor mobility,
and other channels. Collectively, the benchmark regression results and spillover effect
analysis confirm that Hypothesis 1 of this study is empirically supported.

Among the control variables, urbanization level and human capital are both nega-
tively associated with carbon emission intensity. The effect of urbanization is particularly
pronounced, with a coefficient of −0.717 that is significant at the 1% level. This result sug-
gests that urbanization may reduce carbon emission intensity per unit of output through
agglomeration economies, industrial upgrading, and shared infrastructure. The coefficient
for human capital is −0.139 and is also significant at the 1% level, indicating that a more
educated labor force may facilitate green technology adoption and improvements in pro-
duction efficiency. The spatial spillover effect of human capital is also significantly negative,
suggesting that skilled labor may reduce carbon emission intensity not only locally, but
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also in neighboring cities through knowledge spillovers, technology diffusion, and intercity
economic linkages.

Table 6. Baseline regressions results.

CI
(1) (2) (3) (4) (5) (6) (7)

Main Wx Spatial Variance Direct Indirect Total

SLC 0.149 ***
(0.027)

1.351 **
(0.561)

0.142 ***
(0.033)

1.259 *
(0.669)

1.401 **
(0.690)

PGDP 0.083
(0.075)

1.679
(1.117)

0.072
(0.083)

1.598
(1.473)

1.670
(1.507)

FP −0.078 *
(0.042)

−0.386
(1.035)

−0.073 *
(0.040)

−0.377
(1.029)

−0.450
(1.041)

EDU 0.009
(0.033)

0.702
(0.486)

0.004
(0.035)

0.656
(0.538)

0.660
(0.550)

ROAD −0.146 *
(0.079)

0.252
(0.742)

−0.143 *
(0.076)

0.308
(0.721)

0.165
(0.745)

FTD −0.014
(0.017)

0.553
(0.354)

−0.017
(0.019)

0.520
(0.342)

0.503
(0.348)

PD −0.139 ***
(0.019)

−1.280 **
(0.539)

−0.131 ***
(0.025)

−1.179 *
(0.602)

−1.310 **
(0.616)

URBAN −0.717 ***
(0.166)

−6.066
(3.813)

−0.689 ***
(0.208)

−5.825
(5.049)

−6.514
(5.181)

rho −0.193
(0.264)

sigma2_e 0.024 ***
(0.002)

Time-fixed effect YES YES YES YES YES YES YES
R2 0.022 0.022 0.022 0.022 0.022 0.022 0.022

Observations 351 351 351 351 351 351 351

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively; data in parentheses
are robust standard errors.

Government fiscal pressure and transportation resource allocation are also negatively
associated with carbon emission intensity. Government fiscal pressure may encourage
local governments to strengthen environmental regulation and adjust industrial structure.
More balanced transportation resource allocation may reduce carbon emission intensity
by improving network connectivity, shortening travel distances, increasing logistics effi-
ciency, and lowering transport-related energy consumption. In contrast, Per Capita GDP,
population density, and foreign trade dependence are not statistically significant, suggest-
ing that economic development, population concentration, and openness do not have a
significant direct association with carbon emission intensity in the Yangtze River Delta
urban agglomeration.

4.2. Robustness Checks

To assess the robustness of the baseline regression results, this study conducts three ro-
bustness checks: replacing the core explanatory variable, replacing the dependent variable,
and changing the spatial weight matrix. First, the core explanatory variable is replaced
with the strength of equity network connections among SLCs. Specifically, based on equity
linkage data among SLCs, this study constructs an intercity SLC network, assigns weights
according to the ownership ratios between investors and investees, and calculates the
weighted degree of each city node using social network analysis. This measure is used as
an alternative indicator of SLC development in each city. Adopting a network association
perspective, this study re-depicts the development level of microfinance, and subsequently
examines the validity of the core explanatory variable selection as well as the reliability of
the empirical results. Second, the dependent variable is replaced by carbon emissions Per
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Capita, measured as the ratio of carbon emissions to the resident population. Remove the
confounding effects of economic scale disparities on the measurement of carbon emissions.
Third, the spatial weight matrix is changed from the inverse-distance economic-geographic
nested matrix to the inverse-distance economic-geographic matrix. To attenuate the inter-
ference of complex nested indicators in spatial association detection, the spatial weight
setting is parsimoniously formulated, which safeguards the reliability of the spatial econo-
metric estimates. The results are reported in Table 7. Across all three robustness checks,
the coefficients of the core explanatory variable remain significantly positive, consistent
with the baseline regression results. This indicates that the main conclusion, namely that
SLC development is positively associated with regional carbon emission intensity and
spatial spillover effects, is robust across alternative variable measurements and spatial
weight matrices.

Table 7. Robustness check results.

CI (1) (2) (3)

SLC 0.149 ***
(0.027)

0.088 ***
(0.024)

SLCNLI 0.103 ***
(0.018)

Controls YES YES YES
Time-fixed effect YES YES YES

R2 0.136 0.144 0.677
Observations 351 351 351

Note: *** indicate significance at the 1% levels; data in parentheses are robust standard errors.

4.3. Mechanism Analysis
4.3.1. Mediation Analysis

As shown in Table 8, SLC development significantly increases the number of SMEs in
general manufacturing. The number of these enterprises is also positively associated with
carbon emission intensity. The bootstrap confidence interval for the indirect effect does
not include zero, indicating that the expansion of general manufacturing is a significant
transmission channel through which SLC development raises carbon emission intensity.
Specifically, SLC development supports the expansion of general manufacturing enterprises,
many of which are energy-intensive and technologically less advanced, thereby indirectly
increasing regional carbon emission intensity. The mediating effect accounts for 77.78% of
the total effect, suggesting that this channel plays a major role in the relationship between
SLC development and regional carbon emission intensity, thus supporting Hypothesis 2.

The direct effect of SLC development on technological innovation is positive but not
statistically significant, and the bootstrap confidence interval includes zero. This indicates
that the mediating effect of technological innovation is not supported. Although SLCs
may have some potential to support technological innovation, their role is constrained by
institutional limitations, such as an excessive emphasis on collateral, insufficient attention
to R&D, limited risk tolerance, and a lack of long-term capital. As a result, they have
difficulty providing stable and effective support for corporate green technology R&D,
and this mediation pathway does not generate the expected carbon-reducing effect, thus
supporting Hypothesis 3.

A comparison of the two mediation pathways reveals the structural challenges facing
SLCs in the Yangtze River Delta urban agglomeration. Under traditional path dependence,
credit resources flow mainly into general manufacturing operations and production ex-
pansion rather than green technology R&D, process upgrading, and low-carbon transition.
This creates an imbalance in which the carbon-increasing channel remains active, while the
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carbon-reducing channel remains constrained. Therefore, governments and financial regu-
lators should guide SLCs toward better credit allocation, establish green lending screening
mechanisms, and increase financial support for technology-based SMEs. These measures
can help strengthen the technological innovation pathway and support the transition of the
small loan sector from carbon-intensive expansion to green development.

Table 8. Mediation analysis results.

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

GM CI TECH CI

SLC 0.931 ***
(0.085)

0.135 ***
(0.024)

0.070
(0.047)

0.135 ***
(0.024)

GM 0.113 ***
(0.014)

TECH −0.131 ***
(0.027)

Controls YES YES YES YES
Time-fixed effect YES YES YES YES

R2 0.801 0.801 0.669 0.580
Observations 351 351 351 351

Bootstrap Confidence
Interval (0.072, 0140) (−0.020, 0.001)

Mediated Ratio 0.778 0.355
Note: *** indicate significance at the 1% levels; data in parentheses are robust standard errors.

4.3.2. Moderation Analysis

Table 9 reports the moderation analysis results. The coefficient of the interaction
term between SLC development and local government commitment to green transition is
−0.229 and is significant at the 1% level. This indicates that local government commitment
to green transition weakens the positive relationship between SLC development and
carbon emission intensity. This moderating effect may reflect the role of local governments
in guiding SLC credit allocation. When local governments show stronger commitment
to green transition, stricter environmental access standards, green credit subsidies, and
pollution penalty mechanisms may encourage SLCs to adjust their lending structures.
These measures can reduce lending to heavily polluting manufacturing sectors and weaken
the carbon-increasing effect of SLC development.

The coefficient of the interaction term between digital inclusive finance and SLC de-
velopment is 0.079 and is significant at the 1% level. This indicates that digital inclusive
finance strengthens the positive relationship between SLC development and carbon emis-
sion intensity. Although digital inclusive finance lowers service barriers and expands the
reach of SLCs, the sector still lacks a mature green lending screening mechanism. As a
result, its technological and inclusive advantages may channel credit more efficiently to
energy-intensive and technologically less advanced general manufacturing enterprises,
thereby amplifying the carbon-increasing effect of SLC development. This finding suggests
that governments and financial regulators should promote closer integration between
digital inclusive finance and green finance. A digital green credit assessment framework
should be established, and environmental performance should be incorporated into online
credit review and risk assessment systems. These measures would help digital technolo-
gies identify and guide financing demand in green industries, shifting digital inclusive
finance from carbon-intensive expansion toward low-carbon development, thus supporting
Hypothesis 4.

https://doi.org/10.3390/su18168307

https://doi.org/10.3390/su18168307


Sustainability 2026, 18, 8307 18 of 26

Table 9. Moderation analysis results.

CI
(1) (2)

SLC 0.099 ***
(0.025)

0.164 ***
(0.027)

GTI −0.012
(0.022)

SLC*GTI −0.229 ***
(0.029)

DIF 0.192
(0.179)

SLC × DIF 0.079 ***
(0.029)

Controls YES YES
Time fixed effect YES YES

rho −0.171
(0.262)

−0.208
(0.265)

sigma2_e 0.024 ***
(0.002)

0.020 ***
(0.002)

R2 0.272 0.536
Observations 351 351

Note: *** indicate significance at the 1% levels; data in parentheses are robust standard errors.

To visually evaluate the economic significance of interaction terms, marginal effect
plots are displayed in Figure 2. The graph concerning government green transition willing-
ness indicates that the marginal effect of SLCs on carbon emission intensity steadily declines
with rising government willingness, verifying the negative moderating effect: greater gov-
ernmental green commitment attenuates SLCs’ carbon-augmenting effect. Meanwhile, the
plot of digital inclusive finance demonstrates that the marginal effect of SLCs on carbon
emission intensity grows alongside its development level, suggesting positive moderation:
advanced digital inclusive finance strengthens the emission-raising effect of SLCs.

Figure 2. Marginal effects of SLCs on carbon emission intensity. Note: The black solid line denotes
the marginal effect curve; gray dashed lines represent the 95% confidence intervals; the red dashed
line indicates the zero-effect reference line.

4.4. Heterogeneity Analysis
4.4.1. Heterogeneity by Geographic Location

As shown in Table 10, the effect of SLC quantity on carbon emission intensity exhibits
significant geographic heterogeneity. Rather than displaying a simple linear gradient, the
effect assumes an inverted U-shaped pattern, peaking in medium-distance cities, which is
consistent with Hypothesis 5. The coefficient of SLC development is 0.126 for distant cities
and rises to 0.309 for medium-distance cities, while the effect is not statistically significant
for nearby cities. This spatial heterogeneity reflects the combined influence of technology
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spillovers, industrial gradient transfer, and distance decay on the relationship between SLC
credit allocation and regional carbon emission intensity.

Medium-distance cities show the strongest carbon-increasing effect of SLC devel-
opment. This may be related to their position between core cities and more peripheral
areas. Compared with nearby cities, medium-distance cities often have weaker transport
accessibility, factor agglomeration, and innovation connectivity. At the same time, they may
have relatively developed industrial infrastructure, lower environmental constraints, and
lower input costs. These conditions make them more likely to receive energy-intensive and
highly polluting manufacturing activities relocated from central cities during industrial
upgrading. Against this background, SLC credit may further support the expansion of
traditional small-scale manufacturing and reinforce the transfer of lower-end manufac-
turing capacity, thereby increasing carbon emission intensity. By contrast, nearby cities
are more closely connected to the innovation networks and green governance systems of
central cities. They are therefore better positioned to absorb green technology spillovers
and higher-end industrial transfers, which may weaken the carbon-increasing effect of
SLC development. This finding suggests that green finance interventions in the Yangtze
River Delta urban agglomeration should pay particular attention to medium-distance
cities. Policy measures could include stricter environmental access standards, green rating
systems for SLCs, and stronger guidance for credit allocation toward clean production, so
as to support coordinated low-carbon development across the region.

Table 10. Heterogeneity analysis by geographic location.

Short-Distance
Cities

Medium-Distance
Cities

Long-Distance
Cities

SLC 0.012
(0.032)

0.309 ***
(0.045)

0.126 ***
(0.029)

Controls YES YES YES
Time-fixed effect YES YES YES

rho −0.301
(0.236)

−0.257
(0.254)

−0.250
(0.237)

sigma2_e 0.005 ***
(0.001)

0.007 ***
(0.001)

0.004 ***
(0.000)

R2 0.630 0.145 0.183
Observations 117 117 117

Note: *** indicate significance at the 1% levels; data in parentheses are robust standard errors.

4.4.2. Heterogeneity by SLC Regulatory Intensity

Based on the regulatory intensity values of small loan companies across cities, this
study divides the 27 sample cities into three equal groups to conduct further heterogeneity
tests along the regulatory. As reported in Table 11, the carbon-augmenting effect of SLC
development exhibits marked heterogeneity across regulatory regimes, intensifying mono-
tonically as regulatory stringency declines. This inverse association between regulatory
intensity and SLC credit allocation corroborates Hypothesis 5. In regions with stricter
regulation, higher entry barriers, more standardized operations, and stronger risk man-
agement may constrain SLC lending and reduce excessive credit flows to polluting and
energy-intensive industries. As a result, the carbon-increasing effect of SLC development
is partly weakened. However, stronger regulation alone does not appear to shift SLC
development from a carbon-increasing pathway to a carbon-reducing one. The current reg-
ulatory framework for SLCs still focuses mainly on compliance review and risk prevention,
without fully incorporating environmental performance or carbon emission indicators into
the evaluation system. Green-oriented regulatory tools are therefore still limited, which
means that stronger regulation alone cannot fundamentally reverse the carbon-increasing
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tendency of SLC development. Future policy should therefore link improvements in SLC
regulation with the broader green and low-carbon transition.

Table 11. Heterogeneity analysis by SLC regulatory intensity.

High Medium Low

SLC 0.071 ***
(0.018)

0.113 **
(0.049)

0.246 ***
(0.036)

Controls YES YES YES
Time-fixed effect YES YES YES

rho −0.055
(0.246)

−0.214
(0.234)

−0.138
(0.253)

sigma2_e 0.002 ***
(0.000)

0.004 ***
(0.000)

0.005 ***
(0.001)

R2 0.000 0.753 0.799
Observations 117 117 117

Note: *** and ** indicate significance at the 1% and 5% levels; data in parentheses are robust
standard errors.

5. Discussion
The main finding is that SLC development is positively associated with carbon emis-

sion intensity. This extends the theoretical boundary on the context-dependent environ-
mental effects of inclusive finance [96,97]. Existing literature diverges on the inclusive
finance–carbon nexus, largely because it neglects organizational heterogeneity. As non-
depository lenders, SLCs face a sharper trade-off between social mission and financial
sustainability than traditional institutions. Profit-driven, they tend to channel credit toward
high short-term return, collateral-rich sectors that often overlap with energy-intensive
industries. These results confirm that the environmental effects of inclusive finance are
characterized by significant context-dependency and organizational heterogeneity [15]: the
carbon emission effects of inclusive financial institutions may vary across organizational
types [98], stages of development [99], and institutional environments [100].

The mediation analysis shows that while microcredit is positively linked to regional
technological innovation, the effect is statistically insignificant; thus, it fails to reduce
carbon emission intensity through innovation, differing from findings on banks [98] and
insurers [101]. From a functional perspective, financial intermediaries foster innovation
through risk identification, long-term funding, and information production [102]. Yet mi-
crocredit providers face structural constraints: (1) credit rationing driven by high funding
costs and short-term maturity structures incompatible with long-cycle innovation [103];
(2) information asymmetry arising from limited screening capacity, leading to collateral-
based lending that systematically excludes innovators [104]; (3) clientele lock-in attributable
to a target clientele of small firms and low-income groups that demonstrates scant in-
clination toward high-investment, long-cycle innovation activities [67]. Hence, micro-
credit affects the environment through direct resource allocation rather than indirect
technological progress.

Government green commitment significantly mitigates the carbon-increasing effect
of SLCs, which aligns with prior literature [105]. Stronger green willingness imposes
legitimacy pressures via green credit guidelines, disclosure requirements, and regulatory
constraints, compelling SLCs to internalize environmental costs in lending decisions.

The existing literature largely associates digital inclusive finance with lower carbon
intensity via reduced information asymmetry [106,107]. However, this study shows that
without a well-developed green credit mechanism, digital inclusive finance intensifies the
carbon-augmenting effect of SLCs. Digital technologies lower customer acquisition and risk
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control costs, expanding credit coverage [108]; yet in the absence of green screening and
carbon accounting, these efficiency gains are not directed toward green allocation but in-
stead accelerate credit penetration into high-carbon sectors. When digital inclusive finance
infrastructure remains underdeveloped, fintech’s efficiency dividend may be alienated into
a carbon-augmenting driver.

6. Conclusions and Recommendations
6.1. Conclusions

The main findings are as follows.

(1) SLC development is positively associated with local carbon emission intensity and
has positive spatial spillover effects. The expansion of SLCs raises carbon emission
intensity in both local and neighboring regions, and the results remain robust across a
series of robustness checks.

(2) SLC development increases carbon emission intensity mainly by promoting the ex-
pansion of SMEs in general manufacturing. However, due to constraints related to
risk preferences, funding costs, and business models, SLCs do not provide effective
support for regional technological innovation toward decarbonization.

(3) Local government commitment to green transition weakens the carbon-increasing
effect of SLC development. In the absence of well-developed green credit standards,
digital inclusive finance expands the service reach of SLCs but also facilitates more
high-carbon lending, thereby strengthening the positive relationship between SLC
development and carbon emission intensity.

(4) The carbon-increasing effect of SLC development varies by geographic location and
regulatory intensity. Specifically, the effect is strongest in medium-distance cities, in-
significant in nearby cities, and relatively weak in distant cities. Lower SLC regulatory
intensity is associated with a stronger carbon-increasing effect.

The above conclusions provide empirical evidence for understanding the environ-
mental externalities arising from the development of SLCs. Nevertheless, constrained by
the scope of the sample, the generalizability of these findings requires further verification.
Future research can conduct multi-regional comparative studies to systematically investi-
gate the heterogeneous moderating effects of regional characteristics, including industrial
structure, energy endowments and environmental governance capacity, on the formation
of environmental externalities of financial development, so as to continuously expand and
verify the boundary conditions of the conclusions of this paper.

6.2. Policy Implications

Three key insights emerge from the above results. First, to address the excessive flow
of SLC credit into energy-intensive sectors and the weak role of technological innovation
in carbon reduction, SLCs should establish differentiated green credit access mechanisms.
Factors such as firms’ carbon emission intensity and environmental penalty records should
be incorporated into credit assessment, and lending to heavily polluting traditional manu-
facturing industries should be gradually reduced. At the same time, SLCs should design
medium- and long-term green credit products for technology-based micro and small enter-
prises. Such products could lower financing barriers and financing costs, strengthen SLCs’
support for client innovation, and create a clearer pathway through which technological
innovation contributes to carbon emission reduction.

Second, the integration of digital inclusive finance and green finance should be
strengthened to reverse the reinforcing effect of digital inclusive finance on the carbon-
increasing effect of microloans. SLCs should make better use of local digital inclusive
finance infrastructure, such as regional credit reporting platforms, and incorporate real-
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time data on firms’ electricity consumption, emissions, and environmental penalties into
credit assessment. Regulators should also refine the evaluation system for digital inclusive
finance by adding green-oriented indicators and promoting institutional coordination be-
tween digital inclusive finance and green finance. In this way, digital technologies can help
guide SLC credit toward greener uses and support the regional low-carbon transition.

Third, the regulatory framework for SLCs should better reflect green transition re-
quirements and regional differences. At present, SLCs are mainly regulated at the local
level under a conventional framework that combines classification and rating, preferen-
tial support for well-performing institutions, and restrictions on underperforming ones.
However, this framework has not yet fully incorporated green-oriented criteria or regional
differentiation. A tiered and differentiated regulatory mechanism should therefore be es-
tablished. SLCs could receive targeted incentives or constraints based on the share of green
loans in their lending portfolios. Qualified institutions could receive policy preferences and
moderate support in financing scale and business expansion. Institutions with excessive
exposure to high-carbon lending or continued financing of energy-intensive industries
should face stricter measures, such as more frequent regulatory inspections and special
on-site audits.

6.3. Limitations

This study is not without limitations. First, the sample is limited to 27 prefecture-level
cities in the Yangtze River Delta urban agglomeration, which may limit the generalizability
of the findings. Second, most variables are measured using single indicators or macro-level
indicators, which may affect measurement precision. Future research could expand the
geographical scope of the sample, refine the measurement of key variables, and further ex-
amine how digital transformation in microfinance affects the relationship between inclusive
finance and green, low-carbon development.
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