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Abstract

Enhancing the carrying capacity of the ecological environment serves as a pivotal pathway
to achieving sustainable development and also constitutes a concrete response to the
UN SDGs. Based on a provincial panel dataset covering 30 Chinese provinces spanning
2011-2023, the present work examines how digital finance shapes EECC and explores the
corresponding transmission mechanisms. Findings from the empirical analysis confirm
that digital finance exerts a significant positive effect in boosting ecological environmental
carrying capacity. Heterogeneity tests further show that this catalytic influence is most
salient in eastern China, while it lacks statistical significance or even turns negative in the
central and western areas. Meanwhile, the catalytic function of digital finance becomes
more distinct in highly urbanized areas. Mechanism analysis verifies that digital finance
assumes a partial mediating function by cutting down energy consumption intensity and
boosting human capital accumulation. Further analysis reveals that as digital finance
matures, the above impact exhibits increasing marginal returns. Our spatial spillover
assessment further indicates that digital finance contributes to stronger EECC within host
provinces, while also facilitating coordinated improvements in this key indicator across
neighboring jurisdictions. Accordingly, we propose that economies speed up the building of
digital-related infrastructure, expand the outreach of digital finance, and properly steer the
orderly movement of population, thus facilitating the eco-friendly sustainable advancement
of the natural environment.

Keywords: digital finance; ecological environmental carrying capacity; energy consumption;
human capital; sustainable development

1. Introduction

Ecological environment carrying capacity (abbreviated as EECC) can be defined as the
upper limit that an ecosystem can sustain biological populations and human activities with-
out compromising its internal structure and functions [1]. It functions as a vital instrument
for promoting ecological civilization [2] and acts as a core gauge for holistically evaluating
the coordination between regional demographics, natural resources, and environmental
systems, together with the sustainability of economic growth [3]. This concept mirrors the
supportive potential of ecosystems for human socioeconomic endeavors and the steady sup-
ply capacity of resources and environmental systems [4]. In the context of global concerted

Sustainability 2026, 18, 2743

https://doi.org/10.3390/sul18062743


https://crossmark.crossref.org/dialog?doi=10.3390/su18062743&domain=pdf&date_stamp=2026-04-10
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0009-0001-0988-7686
https://doi.org/10.3390/su18062743

Sustainability 2026, 18, 2743

20f19

progress toward the UN SDGs (SDG6, 7, 11, 13, 14, 15), strengthening EECC has emerged as
a pivotal agenda drawing extensive attention across the globe. The EPEEP 2025 Congress,
with the theme of “Green Innovation for Harmonious Coexistence”, further underscores
the vital pathway of advancing environmental protection and economic development in a
coordinated manner to achieve mutual benefit and win-win outcomes. At present, China is
actively responding to the UN SDGs, accelerating the all-around green transformation of
its economy and society, and making dedicated efforts to strengthen EECC.

Nevertheless, it should be acknowledged that the fundamental pressures on the
ecological environment have not been fundamentally alleviated [5], the resource and
environmental carrying capacity in some regions is approaching its upper limit [6], the
tension between economic growth and ecological conservation remains prominent, and
improvements in ecological quality still fall behind the overall progress of societal and
economic advancement [7]. Simultaneously, environmental challenges in other parts of
the world also exhibit distinct regional characteristics and transformative pressures. For
instance, Vietnam is grappling with multiple environmental pressures, such as water,
air, and soil pollution amid its rapid economic growth; the Great Lakes region of North
America once confronted a water supply security crisis due to severe drought and has
been continuously addressing complex issues, including emerging chemical pollution.
Against this backdrop, effectively reconciling the prominent tension between development
and conservation and substantially strengthening EECC represents not only an intrinsic
need for promoting the harmonious coexistence of humans and nature but also a pivotal
route to realizing global sustainable development and fostering the green transition of
socioeconomic systems.

Exploring effective pathways and innovative tools to drive the improvement of re-
gional ecological environments and elevate their carrying capacity has emerged as a cutting-
edge topic in theoretical and policy research. As the lifeblood of modern economic systems,
finance fulfills a policy-guiding function in advancing the low-carbon shift in socioeconomic
systems, and is regarded as a critical regulatory tool for environmental governance [8].
In particular, driven by the rapid progress of emerging digital tools such as artificial in-
telligence, cloud services, and distributed ledger technologies, their deep fusion with the
financial industry has spawned digital finance as an innovative operational paradigm. By
lowering the costs associated with financial services and transactions [9] and broadening
the reach and accessibility of financial provision, digital finance exhibits enormous potential
in advancing inclusive growth and underpinning entrepreneurship and innovation [10],
while also unlocking new avenues for tackling ecological and environmental challenges
via financial approaches [11]. Against this backdrop, can digital finance—a novel financial
model characterized by both inclusive attributes and technological empowerment—serve
as an effective lever for enhancing the EECC? What are its inherent mechanisms of action?
Clarifying these questions will not only help expand the research frontier regarding the
economic and social external effects of digital finance but also elevate the EECC through
financial technology innovation.

2. Literature Review

Theoretical research on EECC is grounded in the in-depth interpretation and quan-
titative assessment of its core connotation. In the initial stage, scholars predominantly
conceptualized carrying capacity from a unidimensional perspective, with a primary focus
on natural resource fields, including land, water, and mineral resources. Within this stream
of literature, investigations into land-based population loading capacity and primary-
industry water resource loading capacity have been the most widespread [12]. These
studies underscored the quantitative assessment of natural resource supply potential and
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exhibited a clear practical orientation, but often neglected the integrity and dynamic charac-
teristics of ecosystems. Following the emergence of sustainable development theory, several
researchers have highlighted a close linkage between resource-environmental carrying
capacity and socioeconomic sustainability [13]. They further proposed that its conceptual
meaning should evolve from a narrow resource-oriented constraint toward an integrated
framework covering resource availability, environmental assimilation capability, ecological
stability, and other multidimensional components [14]. Some scholars pointed out that
analyses based solely on resource supply or environmental capacity can hardly fully reflect
the ecological constraints of regional development and have theoretical limitations, and the
introduction of the ecological footprint method has made up for this deficiency to a certain
extent [15]. By quantifying the demands of human activities on ecosystems, this method
enables the dynamic assessment of carrying pressure. Furthermore, EECC can be viewed as
a critical threshold that constrains the magnitude, depth, and pace of human socioeconomic
activities, particularly those related to economic development [16]. It is emphasized that it
is not only the fundamental support of natural systems, but also a product of the interaction
and coupled evolution of natural and socio-economic systems [17]. Against this back-
ground, the research paradigm concerning EECC has shifted from a “single-factor” lens to
a “multi-dimensional” framework, moving from a “static threshold” to a “dynamic equilib-
rium” and from a “purely natural attribute” to a “nature—society integrated attribute”. This
conceptual progression lays a robust theoretical groundwork for quantitatively assessing
the coordinated development level of human-land systems.

Simultaneously with studies on connotation, explorations into measurement methods
of carrying capacity have also been widely conducted. Overall, the evolution of mea-
surement approaches demonstrates a clear trajectory: shifting from single-dimensional to
multi-dimensional frameworks, and from static evaluation to dynamic simulation. Early
studies relied heavily on relatively static evaluation models. For instance, the Agricultural
Ecological Zone method [18] focuses on assessing population carrying capacity mainly
from the perspective of land productive potential. The Supply-Demand Balance approach,
by contrast, judges the carrying status through comparing resource supply with human
demand [19]. With the introduction of systematic thinking and advances in computational
capability, research methods have gradually evolved toward dynamization and predictabil-
ity. Scholars have employed time-series analysis to capture the evolutionary trends of
carrying capacity [20], adopted system dynamics models to simulate the interactive feed-
back among subsystems such as population, resources, and the environment [21], and
explored neural network models to address nonlinear relationships and conduct com-
plex predictions [22]. These approaches have considerably improved the dynamics and
foresight of relevant assessments. Given the comprehensiveness and complexity of re-
gional sustainable development systems, the limitations of single methods have become
increasingly prominent. Since the late 1990s, research attention has shifted to establishing
multi-dimensional and integrated comprehensive evaluation frameworks. The ecological
footprint method, which converts human demands into areas of biologically productive
land, provides a comparable standardized indicator [23]. The comprehensive evaluation
method realizes multi-factor integrated assessment through constructing systematic indi-
cator systems and assigning corresponding weights [24]. Statistical techniques, including
principal component analysis, have also been widely applied to dimensionality reduction
and key influencing factor extraction [25]. Such an evolution from single methods to inte-
grated frameworks has effectively promoted the transformation of carrying capacity theory
from an abstract concept into a quantifiable, comparable, and operable empirical tool for
decision-making.
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Among the diverse socioeconomic forces shaping the ecological environment, in addi-
tion to drivers related to human activities [26], finance—acting as a key pillar of the modern
economic system—has witnessed its resource allocation role exert a growing influence on
the natural environment, which has gradually become a central topic in scholarly discus-
sions. Mainstream academic perspectives have primarily focused on the field of green
finance, delving into how policy instruments such as green credit [27] and green bonds [28]
guide capital flow toward environmental protection industries and green projects through
a capital allocation mechanism of “selecting the superior and eliminating the inferior” [29].
By restricting financing channels for high-pollution and high-energy-consuming sectors,
these instruments further enhance regional environmental quality and resource utilization
efficiency [30]. In addition, market-oriented mechanisms like environmental insurance are
recognized as crucial supplementary tools for dispersing environmental risks and strength-
ening corporate environmental responsibilities [31], thereby enriching the institutional tool
system of green finance. In recent years, with the rapid advancement of digital technology,
its penetration has exerted varying impacts on the environment, and existing studies have
explored these effects mainly from both positive and negative angles. Proponents of the
positive view argue that digital finance, leveraging its advantages of broad coverage, low
transaction costs, and high operational efficiency, effectively mitigates information asym-
metry among enterprises and expands the accessibility of financing for microeconomic
entities [32]. Moreover, through multiple pathways—including digital technology empow-
erment [33], promotion of green consumption behaviors [34], and optimization of factor
resource allocation [35]—it indirectly improves ecological quality, enhances ecological
resilience [36], and provides new financial support for achieving sustainable development
goals. On the contrary, the negative academic viewpoint holds that digital technology is
a “double-edged sword” [37], and its widespread application also brings environmental
challenges. In particular, the consumption of electrical resources has surged globally due to
the popularization of digital technology, as reported by the International Energy Agency
(IEA). Furthermore, digital technology may exacerbate regional development imbalances
and widen the “green divide”: technologically advanced regions are more likely to reap
emission reduction dividends, while developing countries still rely heavily on conventional
energy sources [38]. At the same time, regions with superior digital infrastructure may
even siphon resources from neighboring areas, with the offsetting effect outweighing the
radiation effect [39]. If not properly addressed, the “energy rebound effect” may offset the
emission reduction gains brought by digital technology, leading to an increase rather than
a decrease in overall emissions [40].

In summary, prior academic work on EECC has provided a robust theoretical un-
derpinning for the present investigation. Nonetheless, the current literature still presents
considerable scope for further extension. In terms of research focus, most contributions
center on how digital finance affects individual environmental indicators, with insufficient
systematic examination of its holistic influence on overall EECC. In terms of viewpoint inte-
gration, existing studies hold divergent opinions on the environmental impacts of digital
technology empowerment, with both positive and negative arguments coexisting, and no
consistent conclusion has been reached yet. In terms of research depth, relevant discussions
mostly remain at the level of theoretical explanation or partial mechanism verification, and
the empirical exploration of multiple transmission pathways is still insufficient. Against
the limitations outlined above, this paper’s novel marginal insights are concentrated in
three key dimensions: First, constructing an extensible analytical framework to provide a
methodological reference for the systematic evaluation of the ecological effects of digital
finance. Second, this paper unpacks several broad transmission channels, including energy
intensity, human capital, and population mobility, thereby enriching theoretical insights
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into the intricate nexus between digital finance and ecological sustainability. Third, identi-
fying its nonlinear threshold characteristics and spatial spillover effects, which provides a
basis for transnational policy coordination and differentiated governance.

3. Theoretical Analysis

For ease of understanding and analysis, the technical roadmap of the article is shown
in Figure 1.
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Figure 1. Technical roadmap.

3.1. Direct Impact Effect Analysis

The direct impact of digital finance on EECC can be theoretically interpreted from two
coordinated dimensions: the optimization of market mechanisms and the empowerment
of human development. From the perspective of market logic, digital finance reduces
service thresholds and improves financial accessibility [41], optimizes capital allocation
efficiency [42], and mitigates adverse selection and moral hazards by enhancing infor-
mation symmetry [43]. It thereby directs capital toward production sectors with higher
resource efficiency, curbing extensive resource development through market mechanisms
and fostering the green upgrading of industrial structures [44]. Notably, while this process
enhances energy efficiency, it may also trigger a potential rise in total energy consumption
due to the expansion of economic activities, known as the “rebound effect”. From the
viewpoint of human development, digital finance eases credit constraints on small and
micro-enterprises and provides critical support for their green transition and sustainable
development. Meanwhile, green financial products and environmental information disclo-
sure mechanisms raise the awareness of environmental costs and responsibilities among
firms and the public, and digital credit systems strengthen environmental compliance
constraints. Furthermore, platform-based operations lower public participation costs in
environmental governance and transaction costs in green financing, further stimulating the
enthusiasm of multiple stakeholders for collaborative governance.

3.2. Indirect Impact Effect Analysis
3.2.1. Consumption Intensity Analysis

In terms of market functioning, digital finance enables accurate credit evaluation
and risk pricing through big data and artificial intelligence technologies [45]. It employs
market-oriented mechanisms to direct credit funds preferentially toward energy-saving
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and environmental protection projects, reduces the cost of green financing, and directly
improves the efficiency of energy and resource utilization. Regarding development em-
powerment, digital finance enhances financial inclusion and provides equitable financial
support for the “long-tail groups” such as micro, small, and medium-sized enterprises [46].
This framework not only reinforces economic resilience but also refines the structure of
resource allocation and lifts total factor productivity via the expansion of technology- and
knowledge-intensive sectors [47], thus providing an economic basis for lowering energy
intensity from a structural perspective. The integration of these two dimensions helps
regions achieve the decoupling of economic growth from ecological degradation [48].

3.2.2. Human Capital Level Analysis

Human development lies at the core. Digital finance expands the scope of financial
services and reduces access costs [49]. Its convenient digital educational credit eases
household liquidity constraints [50], directly contributing to the continuous accumulation
of human capital [51] and injecting endogenous drivers into economic growth. High-
quality human capital is not only equipped with strong technological absorption and
innovation capabilities, which promote the transformation of industries toward knowledge-
intensive sectors [52] and reduce dependence on natural resources [53], but is also usually
accompanied by stronger environmental awareness and governance capacity. Accordingly,
it can jointly elevate environmental carrying capacity via two complementary dimensions:
the technological supply side and the green demand side.

3.3. Threshold Impact Effect Analysis

The ecological impact of digital finance evolves with the deepening of its development
level, reflecting a paradigm shift from providing basic market services to enhancing market
functions, and finally to embedding sustainable development values. In the initial stage,
digital finance is centered on the popularization of mobile payments and digital accounts,
which mainly improve the accessibility of financial services [54], with indirect and limited
environmental benefits. In the intermediate stage, with the advancement of big data risk
control and other technologies, digital finance transforms from “wide coverage” to “deep
integration” [55]. Its role as a market “signaling mechanism” and “screening device” is
strengthened, enabling more effective capital reallocation away from energy-intensive
and pollution-intensive projects, thereby significantly enhancing the green orientation of
capital allocation [42]. In the later high-level stage, digital finance is deeply embedded in
economic and social operations. Innovative technologies, including blockchain and IoT,
enable the internalization of environmental externalities, with ESG principles embedded
into product design frameworks. Platforms begin to proactively build green scenarios,
ultimately promoting the inherent integration of market logic, human well-being, and
ecological values.

3.4. Spatial Spillover Impact Analysis

Through market interconnection and knowledge-sharing mechanisms, digital finance
transforms local development dividends into regional ecological well-being. The demon-
stration effect lays a cognitive foundation: successful local green development models [56]
can be learned and replicated by neighboring regions [57], thereby lowering their transition
costs. The technological spillover effect acts as the core channel, as locally generated green
technological innovations and fintech solutions [58] can radiate to surrounding areas via
corporate cooperation and platform expansion, strengthening their environmental gov-
ernance capacity. The industrial linkage effect reflects structural impacts, whereby the
green transformation of local industries drives coordinated upgrading in adjacent regions
through industrial chain connections. Collectively, these effects demonstrate that the devel-
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opment of digital finance can transcend geographical boundaries and promote the overall
improvement of regional EECC through networks of markets and knowledge.

4. Materials and Methods
4.1. Model Design

Construct the following double fixed effects model:
Yip = a0+ a1 Xip +aoCip + i + T+ €1 1)

Here, Y;; represents the ecological environment carrying capacity (denoted as EECC),
while X; ; represents digital finance (denoted as Dig-fin). C;; captures the complete array of
control variables; y; and 7; are double fixed effects; ¢;; denotes the stochastic error term;
Others are estimated coefficients.

In terms of mechanism pathways, this article refers to existing research practices [59]
and adds the following model based on Equation (1):

My = Bo+ B1Xis + BoCip + pi + T + €54 ()

Yir= Yo+ mXit +7v2Mip +73Cis +pi + T +€ip 3)

Here, M;,; represents energy consumption intensity (denoted as Ener) and human
capital level (denoted as Huma), respectively.

4.2. Variable Settings
4.2.1. Dependent Variable

Drawing on the evaluation ideas and framework of the Food and Agriculture Organi-
zation of the UN [60], this paper intends to construct an indicator system from three aspects:
economic, resource, and environmental carrying capacity. Furthermore, based on the re-
search findings of existing scholars [61], the entropy-weighted TOPSIS method is employed
to measure the EECC. Of these components, economic carrying capacity largely mirrors
the status of local economic advancement, together with the corresponding environmental
pressure and supportive potential it brings to the ecosystem. This dimension is typically
measured by indicators including gross domestic product and per capita disposable income
of the local population. Resource carrying capacity focuses on the supply capacity and
utilization efficiency of natural resources within a region, with key elements including land
and water resources as the core. Environmental carrying capacity primarily measures the
capacity of regional ecosystems to accommodate and purify exogenous pollution loads,
with a focus on the emission intensity of industrial “three wastes” (For detailed indicators,
please refer to the Supplementary Materials Table S1).

4.2.2. Independent Variable

Digital Finance. This article uses the Digital Finance Index developed by the Institute
of Digital Finance, Peking University, to measure three dimensions: coverage breadth,
usage depth, and digitalization level [62].

4.2.3. Mediating Variable

There are three main mediating variables. Among them, energy consumption intensity
is proxied by the total per capita energy consumption. Human capital is gauged by the
proportion of students in standard higher education institutions relative to the overall
urban populace.
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4.2.4. Control Variables

This paper mainly controls for such influencing factors as transportation infrastructure
level (denoted as Tran), industrial structure upgrading (denoted as Indu), technological
innovation level (denoted as Tech), and fixed asset investment (denoted as Fixe). Transporta-
tion infrastructure is captured by the natural logarithm of highway mileage. Industrial
structure advancement is captured by the ratio of secondary-sector output to tertiary-sector
output. Technological innovation is proxied via the logarithm of granted invention patents.
Fixed asset investment is indicated by the weight of total fixed asset investment in GDP.

4.3. Data Sources

This investigation employs panel data covering 30 provincial-level divisions in China
over 2011-2023 as the analytical sample, omitting the Xizang Autonomous Region, Hong
Kong, Macao, and Taiwan owing to extensive data unavailability. Given that certain
statistics have not been updated beyond 2023, we confine the balanced dataset to the period
up to that year. Linear interpolation is employed to address data gaps for the relevant
provinces, with detailed statistics reported in Table 1.

Table 1. Descriptive statistical results.

Variable Definition Variable Name N Mean Std Min Max VIF
Dependent variable EECC 390 0.2950 0.0514 0.1820 0.4350 1.9600
Independent Dig-fin 390 0.2210 0.0861  0.0203  0.4070 1.8100

variable
Ener 390 3.9000 1.9950 1.7710 11.6500 1.2900
Mediating variable
Huma 390 0.0215 0.0059 0.0092 0.0413 1.7300
Tran 390 1.4060 1.2050 0.0900 5.4800 2.7000
Indu 390 1.3750 0.7540 0.6380 5.2340 1.4600
Control variable

Tech 390 10.8800 1.3750 7.0020 13.7800 4.1300
Fixe 390 0.0927 0.0578 0.0100 0.3020 1.3900

5. Empirical Result Analysis
5.1. Baseline Test Results Analysis

Before conducting regression analysis, this study conducted a VIF test on all variables,
and the result was 1.9600 (less than 10), indicating no multicollinearity. This confirms that
multicollinearity is not a serious concern within the variable set. Estimation outcomes
are summarized in Table 2. Models (1) and (2) document the findings obtained under the
random-effects setup, where the estimated parameters linked to digital finance stand at
0.3663 and 0.2797, respectively. These findings confirm that digital finance exerts a positive
impact on the EECC. After controlling for the additional variables, the estimated coefficients
decline marginally, indicating that forces including industrial structure and technological
innovation have absorbed part of the explanatory role of digital finance.

To mitigate endogeneity bias, we further adopt the dual fixed-effects specification for
estimation, and the corresponding findings are reported in Models (3) and (4). The esti-
mated parameters associated with digital finance increase to 0.6005 and 0.5618, respectively,
and both remain highly statistically significant. Once individual and time fixed effects are
accounted for, these estimates exceed those derived from the random-effects specification.
This suggests that the baseline framework may have produced downward-biased results
by overlooking time-invariant unobserved heterogeneity and common temporal shocks.
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After controlling for such systematic influences, our dual fixed-effects specification permits
a more precise identification of how digital finance exerts a net boosting influence on EECC.

Table 2. Baseline test results.

. (U)) 2) (3) 4)
Variable Name
EECC
Die-fin 0.3663 *** 0.2797 *** 0.6005 *** 0.5618 ***
& (0.0244) (0.0298) (0.1347) (0.1376)
Tran —0.0036 0.0021
(0.0022) (0.0029)
Indu 0.0113 *** —0.0027
(0.0023) (0.0051)
Tech 0.0085 *** 0.0026
(0.0024) (0.0030)
Fixe 0.0237 0.0452
(0.0410) (0.0274)
Intercent term 0.2139 *** 0.1275 *** 0.2486 *** 0.2234 ***
p (0.0055) (0.0223) (0.0140) (0.0430)
R2 0.3771 0.4287 0.9247 0.9252
Obs 390

Note: *** p < 0.01. With parenthetical values indicating cluster-robust standard errors computed via STATA 16.

5.2. Robustness and Endogeneity Tests Results Analysis

We assess the stability of our baseline findings via multiple robustness checks (see
Table 3). First, we incorporate the one-period and two-period lags of EECC, whose corre-
sponding parameters stand at 0.8542 and 1.0261. This pattern reveals that the influence
of digital finance unfolds gradually and strengthens over successive periods. Second,
we augment the benchmark specification with additional controls, including aggregate
social consumption and the incidence of natural disasters. The estimated parameter for
digital finance stands at 0.5104 and remains highly significant at the 1% level, reinforcing
the credibility of our core inferences. Third, we re-estimate the model after excluding
provincial-level municipalities. The coefficient declines to 0.3954, implying that the eco-
logical improvement driven by digital finance tends to be more salient in economically
advanced regions with more mature financial systems.

Table 3. Robustness test results.

Variable Lag Period Number Increase Control Variables Exclude Sample Size
Variable Name
L. EECC L2. EECC EECC EECC
Dio-fin 0.8542 *** 1.0261 *** 0.5104 *** 0.3954 *
& (0.1514) (0.1956) (0.1388) (0.1777)
Intercent term 0.1665 *** 0.0451 0.2623 *** 0.1173 **
p (0.0493) (0.0626) (0.0551) (0.0368)
R? 0.9241 0.9249 0.9286 0.9195
Obs 360 330 390 338

Note: Here, “L.” denotes lag of one period, and “L2.” denotes lag of two periods. * p < 0.1, ** p < 0.05, ** p < 0.01.

This article uses the two-stage least squares method for endogeneity testing. In
addition to lagged independent variables by one period, the interaction term between
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terrain undulation and digital finance is also introduced as an instrumental variable. The
lag term is highly correlated with the current variable, satisfying the relevance requirement;
as a natural geographical feature, topographic relief is exogenous, and its interaction term
can capture the heterogeneity of financial services across different geographical contexts,
thereby enhancing the identification power. Diagnostics from the instrumental variable
procedure yield an F-statistic of 36.7645 and a minimum eigenvalue of 74.4602, while the
p-value associated with the overidentifying restrictions test stands at 0.2115. These statistics
collectively satisfy the required conditions for instrument validity and exogeneity. As
reported in Table 4, the 2SLS estimation yields a parameter of 0.6138 for digital finance.
This confirms that, even after accounting for endogeneity, digital finance continues to exert
a stable and favorable influence on ecological carrying capacity.

Table 4. Endogeneity test results.

1 (2) (3) 4) (5)
Variable Name
L. Dig-Fin Terrain Undulation EECC 1984 GMM
Die-fin 604.0743 *** —2.7336 ** 0.6138 * 0.6058 * 0.2486 ***
& (48.7612) (0.8917) (0.2953) (0.2771) (0.0052)
0.1800 ***
L. EECC (0.0096)
Intercent term —13.7593 0.2008 0.1529 0.1551 0.0870 ***
p (16.7240) (0.2529) (0.1001) (0.0952) (0.0130)
Obs 360 390 360 360 360

Note: Here, “L.” denotes lag of one period. *p < 0.1, ** p < 0.05, *** p < 0.01.

Furthermore, to better tackle potential concerns associated with the earlier instrumen-
tal variables, this study constructs a supplementary instrument using the product of the
1984 count of post and telecommunications offices and the independent variable. Regres-
sion outcomes reveal that the corresponding coefficient stands at 0.6058, implying that
digital finance still fosters enhancements in EECC following the instrument replacement.
Additionally, to alleviate biases stemming from omitted variables and reverse causality, the
system GMM approach is employed. Estimation results further verify that digital finance
continues to exert a significant favorable influence on EECC.

5.3. Heterogeneity Test Results Analysis

We next explore the heterogeneous effects of digital finance on EECC across two
dimensions: geographic location and urbanization degree, as shown in Table 5. With
respect to regional heterogeneity, the parameter estimate for digital finance in eastern areas
reaches 1.0611, signifying a pronounced positive contribution to EECC. This is mainly
attributed to the region’s sound economic foundation, improved digital infrastructure,
and strong residents’ usage capabilities, enabling digital finance to effectively support
green consumption and the low-carbon transformation. The coefficient in the central
region is negative and insignificant, which may be due to the structural imbalance in the
popularization of digital finance—some groups struggle to truly integrate into the system,
leading to resource misallocation and even stimulating the expansion of high-energy-
consuming industries, thereby exacerbating environmental pressures. The coefficient in the
western region is insignificant. Constrained by geographical conditions and population
distribution, the breadth of digital coverage is insufficient, and service penetration is not
deep enough to form a scale effect.
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Table 5. Heterogeneity test results.
Variable Eastern Central Western IIJ{; 1;5;; Low-Urban
Name
EECC
Die-fin 1.0611 *** —0.0965 0.4404 0.6268 *** 0.1312
& (0.1869) (0.4138) (0.2856) (0.1681) (0.2796)
Intercept 0.2011 *** 0.0315 0.1879 ** 0.1364 * 0.0516
term (0.0563) (0.0865) (0.0639) (0.0655) (0.0490)
R? 0.9552 0.8888 0.9230 0.9338 0.8712
Obs 143 104 143 156 234

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

In terms of differences in urbanization levels, regions where the urbanization rate
exceeds the national average are categorized as highly urbanized, with the remaining
areas classified as low-urbanization regions. Estimation outcomes reveal that the corre-
sponding parameter stands at 0.6268 for highly urbanized areas, whereas the estimate for
low-urbanization regions remains positive yet statistically insignificant. This is mainly
because population agglomeration improves the marginal service efficiency of digital fi-
nance platforms, reduces transaction costs and information frictions, and makes it easier
for funds to flow to environment-friendly projects. In contrast, in low-urbanization regions,
due to sparse population, weak digital access capabilities, and low financial literacy, digital
finance cannot form effective coverage, resulting in an insignificant ecological effect.

5.4. Mechanism Path Test Results Analysis

Table 6 reports the examination outcomes for the three mediating channels. First,
the analysis focusing on the energy consumption intensity channel yields a parameter of
—20.4253 for digital finance, which is highly significant. This finding confirms that digital
finance acts to lower energy consumption intensity. After incorporating this mediating
variable, the coefficient of digital finance on the EECC stands at 0.4825, and the coefficient
of energy consumption intensity is —0.0038. The results suggest that the rise in energy
consumption intensity would inhibit the EECC, while digital finance can indirectly enhance
the regional EECC by reducing energy consumption intensity, verifying the validity of the
mediating effect of this pathway.

Table 6. Mechanism path test results.

Energy Consumption Intensity Human Capital Level
Variable Name
Ener EECC Huma EECC
Dio-fin —20.4253 *** 0.4852 *** 1.8972 *** 0.5431 ***
5 (4.8004) (0.1446) (0.5558) (0.1366)
Ener —0.0038 *
(0.0015)
0.0099 *
Huma (0.0087)
Intercent term 3.8312 ** 0.2378 *** 0.0306 *** 0.2685 ***
P (1.2225) (0.0431) (0.0048) (0.0463)
R? 0.9603 0.9260 0.9526 0.9265
Obs 390

Note: * p < 0.1, * p < 0.05, ** p < 0.01.
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Second, the analysis centered on the human capital channel yields a parameter of
1.8972, underscoring that digital finance effectively fosters the buildup of human capital. In
the extended mediation specification, the parameter linking this human capital measure
to EECC stands at 0.0099, while the corresponding estimate for digital finance declines to
0.5431. This pattern verifies that human capital plays a partial mediating role as digital
finance shapes ecological carrying capacity. In concrete terms, digital finance broadens
access to financial support, sustains investment in education, healthcare, and workforce
capabilities, thereby advancing talent development and fostering ecological enhancement.

6. Expand Discussion and Analysis
6.1. Threshold Effect Test Results Analysis

This article refers to Hansen’s [63] threshold model testing method to construct a dual
threshold panel model for the development level of digital finance, as shown below:

Yir = x0+x1Cip +m X I(Niy <vq) + 10X I(v1< Nip <) + 173X I(Nj> vo) + i + 1 + €44 (4)

Here, N;; represents the level of development of digital finance (denoted as Dig-fin-
lev); v1 and v; stand for dual threshold values; I(-) represents the indicator function; x
represents the constant term, and «; is the coefficient for C; ;.

In Table 7, the first threshold is 0.2279, and the second threshold is 0.3303. By contrast,
the third threshold value (0.2810) is not statistically significant. These findings indicate that
the impact of digital finance on EECC exhibits a regime-dependent pattern, varying with
the development level of digital finance itself.

Table 7. Threshold value test results.

Critical Value
Variable Name Threshold Value F Value p Value
10% 5% 1%
the first threshold 0.2279 16.5500 0.0200 11.6776 13.4237 17.7710
Dig-fin-lev the second threshold 0.3303 40.3700 0.0050 19.1403  22.6282 28.0860
the third threshold 0.2810 5.1000 0.6650 16.1058 19.3419 29.2256

Estimates from the dual-threshold specification reported in Table 8 reveal a significant
nonlinear relationship between digital finance and the EECC. When the level of digital
finance remains below the first threshold of 0.2279, its impact coefficient stands at 0.1726,
indicating that digital finance exerts a facilitating effect on EECC. As digital finance ad-
vances to the moderate development stage, falling within the range of 0.2279 to 0.3303,
the impact coefficient rises to 0.2029, signifying a further amplification of its promotional
role. After crossing the second threshold of 0.3303, the impact coefficient increases to
0.2228, which demonstrates that the effect of digital finance on EECC exhibits a gradual
increasing trend alongside the improvement of its own development level. A plausible
explanation for this phenomenon is that high-level digital finance reduces transaction
costs and alleviates information asymmetry. By leveraging big data and artificial intelli-
gence to achieve dynamic assessment of environmental risks and intelligent matching of
green projects, it systematically enhances the endogenous capacity of finance to support
sustainable development.
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Table 8. Threshold effect test results.

Variable Name EECC Std 95% CI
Dig-fin-lev < 0.2279 0.1726 *** (0.0230) 0.1274 0.2177
0.2279 < Dig-fin-lev < 0.3303 0.2029 *** (0.0202) 0.1632 0.2426
Dig-fin-lev > 0.3303 0.2228 *** (0.0178) 0.1877 0.2578
Intercept term 0.1655 *** (0.0270) 0.1123 0.2187
R? 0.7693
Obs 390

Note: *** p < 0.01.

6.2. Spatial Spillover Effect Test Results Analysis

This article constructs the following spatial Durbin model:
Yi,t = A+ pW]‘Yi,t + )\1Xz',t + /\ZCi,t+.”i + T €y (5)

Among them, W; is the spatial weight matrix, which mainly selects the adjacency (0,
1) spatial matrix, geographic spatial matrix, and economic distance matrix for empirical
testing. The geographic spatial matrix uses the latitude and longitude of provincial capitals,
while the economic distance matrix uses the reciprocal of the difference in per capita
GDP between regions. p is the spatial autoregressive coefficient. A1 and A, represent the
influence of the local explanatory variable on the local dependent variable.

As documented in Table 9, between 2011 and 2023, the global Moran’s I statistics for
both digital financial development and EECC are significantly positive and satisfy various
significance criteria. This evidence confirms that both variables feature strong positive
spatial dependence across the sample. In particular, high-value clusters tend to neighbor
one another (high-high clustering), while low-value zones tend to adjoin fellow low-value
areas (low-low clustering), thus forming a clear spatial clustering structure. Meanwhile,
Moran’s I index of EECC was insignificant in 2011 (p = 0.119), became significant starting
in 2012 (p = 0.034), and remained significant after 2013. This indicates that its spatial
agglomeration effect gradually took shape and consolidated around 2013. This pattern can
be attributed to two key factors. For one thing, ecological civilization has been formally
designated as a national strategy since 2012, and the rollout of regional joint prevention
and control regimes has boosted coordination in cross-regional environmental regulation
and governance. For another, ecological governance typically exhibits time-lag effects
and notable spatial spillover features. With improved infrastructure connectivity and the
refinement of ecological compensation mechanisms, the effects of earlier investments have
gradually materialized, strengthening the convergence and spatial correlation of regional
environmental quality.

As shown in Table 10, the estimation results of the autoregressive coefficient for
the dependent variable indicate that the spatial lag coefficients of EECC under the three
matrix specifications are 0.3888, 0.2310, and 0.2123, respectively, which reveal a significant
positive spatial dependence of EECC across regions. This phenomenon may stem from
the connectivity of ecological systems among regions and the gradual improvement of
cross-regional environmental policy coordination mechanisms, which drive the changes in
the ecological environment of neighboring areas.
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Table 9. Global autocorrelation test results.
Year Dig-Fin-Lev EECC
Moran Value p Value Moran Value p Value

2011 0.4710 0.0000 0.1090 0.1190
2012 0.4750 0.0000 0.1870 0.0340
2013 0.4510 0.0000 0.2760 0.0050
2014 0.4450 0.0000 0.2130 0.0210
2015 0.3960 0.0000 0.3290 0.0010
2016 0.4330 0.0000 0.2080 0.0180
2017 0.4960 0.0000 0.3710 0.0000
2018 0.5440 0.0000 0.3400 0.0010
2019 0.5490 0.0000 0.3660 0.0010
2020 0.5720 0.0000 0.2650 0.0070
2021 0.4990 0.0000 0.2990 0.0030
2022 0.4980 0.0000 0.3090 0.0020
2023 0.4990 0.0000 0.3170 0.0020

Table 10. Spatial spillover effect test results.

Spatial Effect Decomposition

p Estimated

Variable EECC Direct Indirect Total Coefficient

Adjacent (0, 1) 0.4256 *** 0.4490 ** 0.2544 ** 0.7033 ** 0.3888 ***
4 (0.1292) (0.1378) (0.0972) (0.2209) (0.0625)
Geographic 0.5160 *** 0.5268 *** 0.1607 * 0.6875 *** 0.2310 **
distance matrix (0.1327) (0.1376) (0.0817) (0.1907) (0.0817)

Economic 0.5102 *** 0.5249 *** 0.1333 ** 0.6582 *** 0.2123 ***
distance matrix (0.1304) (0.1363) (0.0512) (0.1747) (0.0517)

Obs 390

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

We further employ the partial derivative approach to decompose the impacts, so as to
identify the direct, indirect, and total impacts with greater precision. The results show that
under the three matrix settings, the direct effect coefficients of digital finance on local EECC
are 0.4490, 0.5268, and 0.5249, respectively, indicating that digital finance in the local region
exerts a direct impact on EECC, which verifies the previous arguments. By comparing
the direct effects with the estimated coefficients of the model, the feedback effects are
0.0234 (0.4490-0.4256), 0.0108 (0.5268-0.5160), and 0.0149 (0.5249-0.5102), respectively. In
economic terms, ignoring spatial interdependence would lead to an underestimation of the
actual impact of digital finance by approximately 2.34%, 1.08%, and 1.49% under the three
specifications. The main reason is that conventional econometric models fail to capture the
reverse feedback effects triggered by policy spillovers or development externalities from
neighboring regions.

More importantly, the indirect impacts of digital finance stand at 0.2544, 0.1607, and
0.1333 in sequence, and each coefficient achieves statistical significance. This finding reveals
that advances in digital finance generate favorable outcomes for the local economy, while
also boosting ecological conditions in neighboring regions via channels including capital
spillovers and technological learning. Such results highlight a pronounced positive cross-
regional spatial spillover. The total effect captures both intra-regional and inter-regional
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influences holistically, offering further confirmation that digital finance serves as a dual
driver in advancing ecologically sustainable growth across regions.

7. Conclusions

Strengthening ecological environment carrying capacity stands as a pivotal avenue for
promoting the integrated advancement of the economy, society, and natural ecosystems, as
well as for attaining the UN SDGs. The research findings indicate that the development of
digital finance provides a practical and feasible pathway for resolving the prominent contra-
diction between development and protection, as well as enhancing the EECC. Specifically,
digital finance exerts a significant direct promoting effect on the EECC, which macroscopi-
cally responds to the core concern of how to alleviate resource and environmental pressures
and coordinate the relationship between the economy and the environment. Drawing
on a series of heterogeneity analyses, this paper demonstrates that the beneficial influ-
ence exerted by digital finance on EECC is particularly pronounced in eastern zones and
highly urbanized districts, whereas its function is muted and even turns adverse in central
and western locales. This precisely suggests that improving the EECC requires targeted
responses to the structural differences in contradictions faced by different regions. The
mechanism pathway test shows that digital finance mainly functions through two channels:
reducing energy consumption intensity and enhancing human capital accumulation. This
provides a comprehensive explanation for the mechanism issue of “how” to coordinate
protection and development, i.e., promoting green transformation through energy con-
servation, consumption reduction, and human capital empowerment. Extended analysis
further reveals that the ecological benefits of digital finance increase with the leap in its
own development level and exhibit a significant positive spatial spillover effect. This
enriches the understanding of the improvement pathway from the dimensions of dynamic
evolution and regional coordination, indicating that by deepening the development of
digital finance and promoting regional linkage, the EECC can be systematically enhanced,
thereby providing an important basis for green transformation under the global SDGs.

In light of the empirical findings documented above, we put forward several targeted
policy implications:

First, adopt regionally tailored promotion strategies and prioritize the deployment
of digital infrastructure and financial capability building in central and western areas.
Given that eastern regions have already established a mature digital financial ecosystem
and strong environmental governance frameworks, these areas should keep acting as
pioneers and benchmarks for further development. For the central and western regions,
it is necessary to increase financial support and technology transfer efforts, improve the
coverage of rural digital networks, enhance residents’ digital literacy and the service
capacity of financial institutions, and prevent the digital divide from exacerbating regional
development imbalances.

Second, advance the deep fusion of digital finance with green finance, prioritizing
backing for low-carbon tech innovation, energy conservation, and emissions-reduction
initiatives. Policy support should be directed to incentivize financial institutions to launch
data-driven green credit schemes underpinned by big-data risk management. Targeted
financing should be channeled toward energy-efficient sectors and clean production tech-
nologies, while digital infrastructures can be employed to facilitate environmental trans-
parency and carbon footprint monitoring. This will enhance the green orientation of capital
allocation and effectively reduce energy consumption intensity.

Third, strengthen the financial support mechanism for human capital investment
and improve workers’ green skills and environmental awareness. We can expand the
opportunities for low-income groups to receive green skills training by establishing digital
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References

inclusive education loans and special funds for vocational skills training, and enhance their
ability to participate in the green economy, thus realizing the coordinated evolution of
economic development, employment promotion, and ecological protection.

Fourth, construct a cross-regional collaborative development mechanism for digital
finance to unlock spatial spillover effects. It is recommended to establish digital finance
cooperation platforms based on urban agglomerations and economic circles, promote data
sharing, credit mutual recognition, and service interconnection, facilitate the diffusion of
advanced experience and technologies to surrounding regions, and form a new pattern
of regional ecological governance featuring development driven by key areas and linked
development across the board.

Fifth, establish and improve the ecological environment supervision system. Based
on regional development levels and market maturity, implement classified and phased
environmental supervision policies, and coordinate the use of restrictive regulations and
incentive measures. Meanwhile, efforts should be stepped up to refine the relevant legal
and regulatory framework, specify criteria for environmental liability determination and
data governance, and furnish solid institutional safeguards and innovation room for digital
finance to underpin green development.
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