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ABSTRACT: Regional carbon equity reflects the spatial alignment between carbon-emission
responsibility and ecological carrying capacity, and represents an important dimension for understanding
the distributive consequences of low-carbon transitions. As the digital economy becomes increasingly
embedded in resource allocation, technological innovation, and environmental governance, whether and
how it reshapes regional carbon equity remains insufficiently examined. Using panel data for 281 Chinese
cities from 2010 to 2023, this study constructs a city-level carbon equity index and employs two-way fixed-
effects models, mechanism tests, and a spatial Durbin model to investigate the effect of the digital economy
on carbon equity, its transmission channels, and its spatial spillover effects. The results show that carbon
equity in Chinese cities has improved slowly over time, although regional disparities remain pronounced
and significant “high—high” and “low—low” spatial clustering patterns persist. The digital economy
significantly improves urban carbon equity, with the strongest effect observed in central China. Mechanism
tests indicate that the digital economy enhances carbon equity mainly by promoting industrial structure
upgrading, stimulating green technological innovation, and strengthening market integration. Further
spatial analysis shows that the digital economy improves carbon equity within local cities but exerts a
negative spillover effect on neighboring cities, revealing a spatial pattern of “local promotion and
neighboring suppression”. This study extends the literature on the environmental consequences of the
digital economy by introducing a regional carbon equity perspective. It provides policy implications for
optimizing the spatial allocation of digital resources, improving interregional coordination in low-carbon
governance, and advancing a more equitable low-carbon transition.
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1. Introduction

Against the backdrop of intensifying global climate change, carbon emission reduction and low-carbon
transition have become central concerns for the international community [1,2]. In this study, carbon equity
is defined as the degree to which regional carbon-emission responsibility is aligned with ecological carrying
capacity, particularly carbon-sink capacity. Unlike environmental efficiency metrics, which generally
assess how efficiently economic activities generate desirable outputs while reducing undesirable emissions,
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the city-level carbon equity index compares each city’s relative carbon-emission responsibility with its
relative carbon-sink contribution. It therefore evaluates whether the spatial distribution of carbon burdens
is commensurate with the ecological support provided by different cities. By shifting attention from
emission-reduction efficiency to the spatial correspondence between carbon burdens and carbon-sink
capacity, this perspective complements efficiency-based assessments by incorporating the distributive and
interregional implications of low-carbon transition [3,4]. An imbalance in carbon equity may not only
weaken the overall effectiveness of interregional collaborative emission reduction [5] but also exacerbate
regional development disparities, thereby constraining the orderly advancement of China’s carbon-peaking
and carbon-neutrality goals [6]. Owing to differences in resource endowments, industrial structures,
urbanization processes, and ecological baseline conditions, substantial spatial disparities exist in carbon
equity across Chinese cities, and the mismatch between carbon-emission responsibility and ecological
carrying capacity remains pronounced [7]. In this context, identifying the key determinants of carbon equity
and clarifying their underlying mechanisms have become important issues for promoting coordinated
regional emission reduction and improving low-carbon governance systems [8].

As anew economic form driven by data as a key input and supported by digital technologies, the digital
economy is reshaping resource allocation, industrial organization, and environmental governance [9,10]. In
recent years, digital technologies have been increasingly embedded in key processes such as carbon-
emission monitoring, carbon accounting, carbon-sink trading, green technology diffusion, and the
realization of ecological value [11], providing technical support for more refined, intelligent, and
coordinated environmental governance [12]. In terms of its potential effects, the digital economy may
improve carbon equity by enhancing information transparency, accelerating the diffusion of green
technologies, optimizing resource allocation, and reducing the costs of low-carbon transition, thereby
narrowing interregional disparities in carbon governance capacity [13]. However, the uneven distribution
of digital infrastructure, data resources, and technological absorptive capacity across regions may also
reinforce factor agglomeration and developmental divergence, further aggravating carbon equity
imbalances [14]. This suggests that the effect of the digital economy on carbon equity is not necessarily
unidirectional or linear; rather, its direction, transmission mechanisms, and spatial manifestations require
further empirical examination [15].

Existing studies provide an important foundation for understanding the environmental consequences
of the digital economy, yet research on the relationship between the digital economy and carbon equity
remains relatively limited [16]. Most prior studies have adopted an environmental efficiency perspective,
focusing mainly on the effects of the digital economy on carbon-emission intensity, pollution reduction,
and green development efficiency, while paying insufficient attention to carbon equity as a matter that
combines ecological and distributional attributes. The limited literature related to carbon equity has
primarily examined traditional policy instruments, such as fiscal transfers and environmental regulation
[17]. However, systematic theoretical analysis and empirical evidence remain insufficient regarding how
the digital economy affects carbon equity through channels such as industrial structure upgrading, green
technological innovation, and market integration [18]. Moreover, carbon equity is characterized by
significant spatial dependence: neighboring regions interact closely in terms of carbon emissions, carbon-
sink functions, and environmental governance [19]. Nevertheless, few studies have incorporated the digital
economy into an analytical framework that accounts for regional interaction and spatial spillovers, leaving
the spatial transmission mechanism through which the digital economy affects carbon equity insufficiently
understood. China provides a particularly suitable empirical setting for this inquiry. It is not only a major
arena for the rapid development of the digital economy, but also a key country in advancing carbon-peaking
and carbon-neutrality goals [20]. At the same time, Chinese cities differ substantially in digital
infrastructure, industrial foundations, and ecological conditions [21], providing a representative context and
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an appropriate sample for examining the impact of the digital economy on carbon equity. However, city-
level empirical evidence on this issue remains scarce.

Accordingly, using panel data for 281 prefecture-level cities in China from 2010 to 2023, this study
employs two-way fixed-effects models, mechanism-test models, and a spatial Durbin model to
systematically examine the direct effect, transmission mechanisms, and spatial spillover effects of the
digital economy on carbon equity. The marginal contributions of this study are threefold. First, this study
develops a city-level carbon equity index that directly compares each city’s relative carbon-emission
responsibility with its relative carbon-sink contribution. By moving beyond conventional emission-
reduction efficiency and green development performance measures, the index evaluates the spatial
alignment between carbon burdens and ecological carrying capacity. This perspective extends the literature
on the environmental consequences of the digital economy to the distributive and interregional implications
of low-carbon transition. Second, this study develops a mechanism framework that links the digital
economy to carbon equity through industrial structure upgrading, green technological innovation, and
market integration, thereby revealing the internal transmission pathways through which digitalization
shapes carbon equity. Third, by incorporating spatial spillover effects into a unified analytical framework,
this study identifies the spatially uneven effects of the digital economy on carbon equity and provides
empirical evidence to optimize the spatial allocation of digital resources, strengthen interregional
coordination in low-carbon governance, and promote improvements in carbon equity.

2. Theoretical Analysis and Research Hypotheses
2.1. Direct Impact of the Digital Economy on Carbon Equity

Carbon equity emphasizes the proper alignment between regional carbon-emission responsibility and
ecological carrying capacity. Its realization depends not only on resource endowments and development stages,
but also on information-identification capacity, the availability of governance resources, and differences in
emission-reduction costs. As a new economic form supported by data elements and digital technologies [22],
the digital economy may exert an important influence on carbon equity by improving information transparency,
expanding access to low-carbon resources, and reducing the costs of emission reduction.

First, from the perspective of information transparency, the digital economy helps improve carbon-
emission monitoring, accounting, and traceability, thereby enhancing the accuracy of identifying regional
carbon-emission responsibility [23]. Traditional carbon accounting methods rely heavily on macro-level
statistical data and empirical emission factors, and are therefore constrained by limited timeliness,
insufficient spatial granularity, and incomplete identification of emission sources. The application of digital
technologies such as the Internet of Things, big data, and blockchain can increase the frequency of dynamic
monitoring for key emission sources and improve the precision of carbon-footprint accounting [24]. These
technologies also enhance the timeliness, verifiability, and traceability of carbon-emission data. As carbon-
emission information becomes more transparent, ambiguity and information asymmetry in the allocation
of regional carbon responsibility are likely to decline, providing a more reliable data foundation for the
evaluation and governance of carbon equity.

Second, from the perspective of resource accessibility, the digital economy can facilitate the cross-
regional dissemination of green and low-carbon technologies, knowledge on emissions reduction, and
experience in environmental governance, thereby narrowing disparities in low-carbon governance capacity
across regions [25]. In practice, regions differ substantially in their access to green technologies, adoption
of cleaner production methods, and environmental governance capacity [26], which constitutes an
important source of carbon equity imbalance. By improving the efficiency of environmental information
transmission and technology supply—demand matching, digital platforms can accelerate the diffusion and
application of energy-saving technologies, energy-management solutions, and cleaner production processes
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[27]. This enables regions with relatively weak technological foundations to access key low-carbon
resources at lower thresholds, thereby strengthening their carbon governance capacity and improving the
mismatch between carbon-emission responsibility and ecological carrying capacity.

Third, from the perspective of emission-reduction costs, the digital economy can reduce the marginal
cost of emission reduction through digital management and behavior-based incentive mechanisms, thereby
improving the feasibility of low-carbon transition [28]. For firms and regions, data-driven tools such as the
industrial Internet and energy-management systems can optimize energy allocation and production
processes, reducing the carbon-emission intensity of unit output [29]. For residents, digital mechanisms
such as personal carbon-account systems and inclusive carbon-reduction programs can quantify, record,
and provide feedback-based incentives for green consumption and low-carbon travel, thereby strengthening
individuals’ motivation to participate continuously in emission-reduction activities [30,31]. As the coverage
and implementation efficiency of multi-actor emission-reduction practices increase, the alignment between
regional carbon-emission responsibility and ecological carrying capacity is also expected to improve.

Accordingly, this study proposes the following hypothesis:

Hypothesis 1 (H1). The digital economy has a positive effect on carbon equity.

2.2. Mechanisms Through Which the Digital Economy Affects Carbon Equity

The digital economy may not only exert a direct effect on carbon equity but also indirectly influence
the alignment between regional carbon-emission responsibility and ecological carrying capacity through
industrial structure upgrading, green technological innovation, and market integration.

First, the digital economy may improve carbon equity by promoting industrial structure upgrading.
Once digital technologies are embedded in production and circulation processes, they can improve the
efficiency of factor allocation and guide production factors such as capital and labor toward sectors with
higher technological content, lower resource consumption, and lower environmental burdens [32]. This
process helps reduce the share of energy-intensive and high-emission industries, promotes the development
of modern services and advanced manufacturing, and ultimately lowers the carbon intensity of regional
economic activities. Meanwhile, new business models generated by the digital economy, such as remote
services, platform-based collaboration, and cloud manufacturing [33], provide relatively low-carbon
development pathways for regions with heterogeneous resource endowments [34]. These pathways can
help mitigate the lock-in effect of the traditional industrialization model characterized by “high growth and
high emissions”, thereby improving the regional pattern of carbon equity [35].

Second, the digital economy may enhance carbon equity by stimulating green technological innovation.
Digital platforms reduce the costs of knowledge dissemination, technology transactions, and innovation
collaboration, thereby strengthening the openness and networked nature of green technological innovation.
The application of big data, artificial intelligence, and other digital technologies can not only improve the
R&D efficiency of key technologies related to clean energy utilization, energy conservation, carbon
reduction, and carbon capture [36] but also accelerate the diffusion and transformation of advanced green
technologies across regions [37]. When green technological innovation capacity increases and generates
cross-regional spillovers, late-developing regions can obtain emission-reduction technologies at lower costs,
thereby narrowing regional gaps in low-carbon governance capacity [38] and improving the coordination
between carbon responsibility and ecological carrying capacity.

Third, the digital economy may improve carbon equity by advancing market integration. The digital
economy can reduce transaction costs and information asymmetry, weaken the constraints imposed by
traditional market segmentation on factor mobility and resource allocation [39,40], and strengthen market
linkages across regions. In fields such as carbon-emissions trading, green finance, and environmental rights
allocation [41], digital technologies can improve the liquidity and pricing efficiency of environmental rights
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products through real-time data exchange and intelligent execution mechanisms. As market integration

improves, resources such as carbon allowances, green capital, and low-carbon technologies can be allocated

more efficiently across a wider spatial scale [42]. These resources may flow toward regions with lower

marginal abatement costs and higher emission-reduction efficiency, which not only improves overall

emission-reduction efficiency but also facilitates a more reasonable interregional sharing of emission-

reduction costs, thereby enhancing carbon equity. The conceptual framework is presented in Figure 1.
Accordingly, this study proposes the following hypotheses:

Hypothesis 2 (H2). The digital economy improves carbon equity by promoting industrial structure
upgrading.

Hypothesis 3 (H3). The digital economy improves carbon equity by stimulating green technological
innovation.

Hypothesis 4 (H4). The digital economy improves carbon equity by advancing market integration.
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Figure 1. Conceptual framework of the digital economy and regional carbon equity. (Note: “+” indicates a positive effect)

3. Research Design
3.1. Model Specification

To examine the impact of the digital economy on carbon equity, this study first estimates a two-way
fixed-effects model based on the preceding theoretical analysis:

CEjt = Bo+ B1DEy + B'Xir + i + A + &4 (D

where CE;; denotes the level of carbon equity in city i in year t; DE;; is the level of digital economy
development and serves as the core explanatory variable; X;; is a vector of control variables; p; and A;
denote city and year fixed effects, respectively; and ¢;; is the error term.

To further examine the potential mechanisms through which the digital economy affects carbon equity,
this study estimates the following mechanism-test models:
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Mit =y + alDEl-t + a'Xit + Ui + /115 + Eit (2)

CEit =yo + ViDEiy + VoM +v' Xie + iy + A¢ + &1t (3)

where M;, denotes the mediating variable, including industrial upgrading ( Upgrading ), green
technological innovation (GT), and market integration (MI). All other variables are defined as in Equation
(1). A mediating role is suggested if a; in Equation (2) is statistically significant, y, in Equation (3) is
statistically significant, and the absolute value of y; in Equation (3) is smaller than the benchmark estimate
in Equation (1).

Given the pronounced spatial dependence of carbon equity and the possibility that the digital economy
may generate cross-regional effects through factor mobility, technology diffusion, and regional competition,
this study further estimates a spatial Durbin model:

CE;y = pWCEy + 1DE; + 0;WDE;; + B'Xje + ¢'WX;p + 1y + A + ;¢ 4

where W is the spatial weight matrix, specified in this study as an inverse geographic distance matrix.
WCE;; denotes the spatial lag of carbon equity; WDE;; denotes the spatial lag of digital economy
development; and W X;; denotes the spatial lags of the control variables. p is the spatial autoregressive
coefficient, while 6; and ¢ capture the spatial spillover effects of the explanatory and control variables,
respectively. The definitions of the remaining variables are consistent with those provided above.

3.2. Definition of Variables
3.2.1. Dependent Variable: Carbon Equity

Carbon equity is used to measure the degree of alignment between regional carbon-emission
responsibility and ecological carrying capacity, reflecting the relative balance between carbon emissions
and carbon absorption across regions [43]. If a region’s share of national carbon emissions exceeds its share
of national carbon-sink contribution, this indicates that the region may be appropriating external ecological
rights through excessive ecological-resource consumption. Conversely, if a region contributes more to
carbon absorption than to carbon emissions, it has a relative advantage in carbon sequestration and makes
anet contribution to the national carbon burden. Based on this logic, this study constructs a city-level carbon
equity index as follows:

CAic/ Xki=1 CAre
Eit/ Xk=1Ent

where CA;; denotes the carbon-sink amount of city i in year t, and E;; denotes the corresponding
carbon emissions. To enhance comparability across cities, the carbon equity index is further standardized
to the range of 0 to 1. A larger value indicates a higher level of carbon equity.

For the measurement of carbon sinks, considering that forests and grasslands are the main carbon-
sequestration carriers in terrestrial ecosystems [44,45], this study adopts a spatially explicit accounting
method. Referring to the parameter system developed by Fang and colleagues based on national biomass
inventory data, this study spatially integrates carbon absorption coefficients and corresponding land-use
areas across different ecological regions to estimate regional carbon sinks:

CEy = (&)

m
CA = Z(Sforest,j X Kforest,j + Sgrassland,j X Kgrassland,j) (6)
j=1
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where CA denotes total carbon sinks in the region; Srorest,j and Sgrassiana,j are the areas of forestland
and grassland in grid cell j, respectively; Kroresej and Kgrgssiana,j are the corresponding carbon-
sequestration coefficients; and m is the total number of grid cells in the study area.

3.2.2. Core Explanatory Variable: Digital Economy

The digital economy is a multidimensional concept encompassing digital infrastructure, information
services, digital finance, industrial digitalization, platform-based activities, and digital governance. In city-
level panel research, its measurement should balance conceptual relevance with the availability of
consistent and comparable data across cities and years. Accordingly, this study constructs an index based
on two complementary dimensions: Internet development and digital financial inclusion. The selection of
indicators follows three principles: relevance to the mechanisms through which digitalization may affect
carbon equity, complementarity across dimensions, and long-term data comparability.

Internet development represents the technological and informational foundation of digitalization.
Following Zhao et al. [46], this dimension is measured using four indicators: broadband Internet subscribers
per 100 persons, the share of employees in computer services and software in total urban-unit employment,
per capita telecommunications business volume, and mobile phone subscribers per 100 persons. These
indicators respectively capture fixed-network coverage, digital-industry human capital, the intensity of
information and telecommunications services, and mobile-terminal access. Taken together, they reflect
whether a city possesses the connectivity, information-processing capacity, and digital-service foundation
required for digital technologies to support carbon-emission monitoring, green technology diffusion, and
environmental governance.

Digital financial inclusion represents the resource-allocation dimension of the digital economy.
Drawing on Guo et al. [47], this study uses the Peking University Digital Financial Inclusion Index of China
to capture the coverage breadth and service depth of digital financial services. Digital finance can reduce
transaction and financing barriers, improve the matching of capital with green technologies and low-carbon
projects, and broaden access to transition-related financial resources across cities with heterogeneous
development conditions. It therefore complements the infrastructure- and connectivity-oriented indicators
of Internet development.

Drawing on the multidimensional index-construction logic of Liu et al. [48], the five indicators are
aggregated using the entropy-weighted TOPSIS method. This approach assigns weights according to the
informational variation of individual indicators and evaluates cities according to their relative proximity to
the ideal level of digital economy development. The resulting indicator system is reported in Table 1.

Table 1. Comprehensive evaluation index of digital economy development.

Primar,
. y Secondary Indicator Definition DirectionData Source
Indicator
. China Cit
Internet Broadband Internet subscribers perReflects the access scale and coverage of fixed . Y
development 100 persons broadband networks * Statistical
P P Yearbook
Internet Employees in computer services Reflects the share and specialization level of China City
and software as a share of urban  the digital information industry in human- +  Statistical
development ) .
unit employment resource allocation Yearbook
. . Reflects the output scale of China City
Internet Per capita telecommunications . . . . ..
. telecommunications and information services + Statistical
development  business volume . . .
and the usage intensity of residents and firms Yearbook
. . Reflects the penetration of mobile terminals China Cit
Internet Mobile phone subscribers per 100 . p’ . .. . Y
and residents’ access capacity to digital +  Statistical

development ersons
p p networks Yearbook
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Digital . . . Reflects the coverage breadth and depth of Institute of Digital
. Peking University Digital .. . . . . .. . .

financial . . . . digital financial services, including digital +  Finance, Peking

. . Financial Inclusion Index of China .. . C L

inclusion payment, digital credit, and digital investment University

Note: “+” indicates a positive contribution to the composite index.

3.2.3. Mechanism Variables

This study selects industrial structure upgrading (Upgrading), green technological innovation (GT),
and market integration ( MI) as mechanism variables. Specifically, industrial structure upgrading
(Upgrading) is measured by the ratio of the value added of the tertiary industry to that of the secondary
industry. This indicator captures the relative shift of the regional industrial structure from secondary
industry toward tertiary industry. Green technological innovation is measured by the natural logarithm of
the number of authorized green invention patents plus one. Market integration is measured with reference
to existing studies by calculating regional relative price variance based on the retail price index of
commodities and then applying reverse treatment. A larger value indicates a lower degree of market
segmentation and a higher level of market integration.

3.2.4. Control Variables

Carbon equity is shaped not only by digital development but also by differences in cities’ stages of
development, production structures, urban spatial organization, and public governance conditions. These
factors may simultaneously affect the capacity of a city to develop the digital economy and the extent to
which its carbon-emission responsibility is aligned with its ecological carrying capacity. To reduce potential
omitted-variable bias, this study controls for economic development, industrial structure, urbanization,
government intervention, fiscal pressure, and population density. The selection of these variables follows
the broader literature on urban low-carbon transition, environmental governance, and regional carbon
allocation [5,17,18,32].

The natural logarithm of GDP per capita measures economic development (Economic). Economic
development may influence carbon equity through two countervailing channels. On the one hand, higher
income levels are often accompanied by greater production scale, energy demand, consumption intensity,
and transport activity, which may increase local carbon-emission responsibility. On the other hand,
economically developed cities generally possess stronger fiscal capacity, technological resources, and
environmental-service provision, which may support cleaner production, ecological restoration, and low-
carbon governance. Controlling for economic development, therefore, helps distinguish the effect of digital
economy development from the broader effects of a city’s development stage and resource endowments.

Industrial structure (Industrial) is measured by the share of value added generated by the tertiary industry
in GDP. The sectoral composition of a city directly affects its energy-use pattern, carbon-emission intensity,
and ecological pressure. Cities with a relatively high share of energy-intensive manufacturing and resource-
processing activities may face greater difficulty in reconciling carbon-emission responsibility with local
ecological carrying capacity. By contrast, a larger service-sector share may be associated with lower direct
carbon intensity and a relatively less emission-intensive growth pattern. This variable is included to account
for baseline differences in economic composition across cities. It is conceptually distinct from the mechanism
variable of industrial structure upgrading, which is measured by the ratio of tertiary-industry value added to
secondary-industry value added and captures the relative shift from secondary to tertiary activities.

Urbanization (Urbanization) is measured by the share of the urban population in the total population.
Urbanization may affect carbon equity through changes in land use, infrastructure demand, residential
energy consumption, and the spatial concentration of economic activities. Urban expansion can increase
pressure on energy systems [49] and ecological space, whereas population agglomeration may also improve
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the efficiency of infrastructure provision, public transport, and environmental-service delivery. The overall
direction of its effect is therefore theoretically indeterminate and requires empirical control.

Government intervention (Government) is measured by the ratio of local fiscal expenditure to GDP.
This variable captures the role of local governments in providing public services, financing environmental
infrastructure, implementing environmental regulation, and supporting ecological protection. Greater fiscal
involvement may strengthen a city’s capacity for carbon emissions monitoring, pollution control, ecological
restoration, and low-carbon technology deployment. Fiscal pressure (Fiscal), measured by the ratio of local
fiscal deficit to fiscal revenue, is additionally controlled for because constrained fiscal conditions may limit
environmental expenditure and alter local governments’ incentives to balance short-term growth objectives
with long-term ecological responsibilities.

Finally, population density (Population density) is measured by the natural logarithm of population per
unit of land area. Population concentration is closely related to urban spatial form, infrastructure-use
intensity, and pressure on local ecological resources. Higher population density may generate scale
economies in energy supply, public transport, and environmental-service provision; however, it may also
increase congestion, energy demand, and the intensity of land development. Controlling for population
density helps isolate the effect of digital economy development from the influence of urban agglomeration
and spatial concentration. Descriptive statistics for all variables are reported in Table 2.

Table 2. Descriptive statistics.

Variable Obs. Mean Std. Dev. Min. Max.
CE 3934 0.5155 0.1971 0.0253 0.9990

DE 3934 0.3611 0.1297 0.0001 0.9400
Upgrading 3934 1.0829 0.6227 0.1087 6.3874
GT 3934 2.3082 0.1445 0.0000 5.8461

MI 3934 0.4520 0.2191 0.0559 1.5413
Economic 3934 10.7654 0.7112 8.5553 13.1851
Industrial 3934 0.4286 0.1029 0.0976 0.8485
Urbanization 3934 0.3996 0.2117 0.0958 1.0000
Government 3934 0.1977 0.0989 0.0439 0.9155
Fiscal 3934 0.1224 0.1021 —0.0671 0.8217
Population density 3934 5.7569 0.9248 1.6193 8.1756

To assess potential multicollinearity among the explanatory variables, this study further examines the
pairwise Pearson correlations and variance inflation factors (VIFs) for the digital economy index and the
control variables used in the baseline specification. As reported in Table 3, the explanatory variables exhibit
moderate correlations, which is consistent with the fact that digital development is embedded in broader
processes of economic development, urbanization, industrial restructuring, and fiscal governance. The largest
absolute pairwise correlation coefficient is 0.567, observed between economic development and fiscal
pressure. This value remains below the level (0.70) commonly associated with severe pairwise collinearity.

The VIF results further indicate that multicollinearity is not a material concern. The VIF values range
from 1.33 to 4.12, with a mean VIF of 2.26. The largest VIF is observed for fiscal pressure, while the VIF
for the digital economy variable is only 1.33. All values remain below the conservative threshold of 5 and
are substantially lower than the conventional threshold of 10. These results suggest that the explanatory
variables do not exhibit serious multicollinearity and that the estimated coefficient of the digital economy
is not materially affected by excessive linear dependence among the regressors.
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Table 3. Correlation matrix and multicollinearity diagnostics.

Variable DE Economic Industrial Urbanization Government Fiscal = Population Density VIF

DE 1.000 1.33
Economic 0.380 *** 1.000 2.72
Industrial 0.184 ***  (.375 *** 1.000 1.61
Urbanization 0.330 *¥** (.565 *¥** (.345 *** 1.000 1.56
Government  —0.183 *** —(.520 *** (0,109 *** —(.219 *** 1.000 2.90
Fiscal —0.282 *** —0.567 ***  0.023 —0.288 *** 0.466 *** 1.000 4.12
Population density 0.188 *** (0.205 *** (.188 ***  (.088 *** —0.477 *¥**  —(.499 *** 1.000 1.56

Notes: The table reports Pearson correlation coefficients among the explanatory variables included in the baseline regression.
VIF statistics are calculated using the same explanatory variables. *** indicates significance at the 1% level.

3.3. Data Sources

This study uses panel data for 281 Chinese cities from 2010 to 2023. Socioeconomic data are mainly
obtained from the China City Statistical Yearbook, the China Energy Statistical Yearbook, and provincial
and municipal statistical yearbooks. Forestland and grassland area data are obtained from the National
Tibetan Plateau Data Center. Digital financial inclusion data are obtained from the Institute of Digital
Finance, Peking University. Carbon-emission data are calculated by integrating information from the China
Energy Statistical Yearbook and the Carbon Emission Accounts and Datasets database. For a small number
of missing values, this study applies moving-average interpolation. To reduce the effects of
heteroscedasticity and improve the robustness of the estimates, selected continuous control variables are
transformed into natural logarithms.

4. Results and Analysis
4.1. Distributional Characteristics of the Digital Economy and Carbon Equity
4.1.1. Distributional Characteristics of the Digital Economy

As shown in Figures 2 and 3, the digital economy of Chinese cities exhibited an evolutionary pattern
characterized by continuous improvement and a gradient of diffusion from 2010 to 2023. From the
perspective of kernel density distribution, the curve for the digital economy shifted continuously to the right,
indicating an overall increase in the level of digital economy development across the sample cities. The
peak of the distribution gradually moved from the low-value range to the medium- and high-value ranges,
suggesting that the proportion of cities with low levels of digital economy development declined, while the
number of cities at medium and high levels increased. This indicates that digital economy development
gradually shifted from early-stage localized breakthroughs to broader spatial diffusion.

Further examination shows that the kernel density curve evolved from a relatively concentrated, low-
level unimodal distribution in the early period to a more pronounced multi-peak structure in the medium-
and high-value ranges. This suggests that, although the overall level of digital economy development
increased, cities did not converge synchronously. Instead, digital economy development displayed a certain
degree of gradient differentiation and club-style agglomeration. In terms of spatial distribution, high-value
areas of the digital economy gradually evolved from point-like concentrations in a few core cities into
contiguous expansion patterns driven by coastal urban agglomerations and regional central cities. The
eastern coastal region remained in a leading position overall, while provincial capitals and nodal cities in
central China accelerated their catch-up process. By contrast, western cities and some resource-based cities
remained at relatively low levels.
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4.1.2. Distributional Characteristics of Carbon Equity

Compared with the digital economy, the spatiotemporal evolution of carbon equity showed stronger
ecological constraints and spatial heterogeneity. As shown in Figure 2, the kernel density curve for carbon
equity shifted slowly to the right from 2010 to 2023, indicating that the alignment between carbon-emission
responsibility and ecological carrying capacity improved overall among the sample cities. However, the
magnitude of this shift was much smaller than that observed for the digital economy, and the density peak
remained concentrated in the medium-to-high range for a prolonged period. This suggests that improvements
in carbon equity were gradual and path-dependent, making short-term leapfrog improvement difficult.

Meanwhile, the distribution of carbon equity formed a relatively clear main peak in the medium-to-
high range. The low-value left tail narrowed to some extent, whereas the high-value right tail expanded
only modestly. This pattern indicates that most cities gradually moved toward medium or higher levels of
carbon equity, but the expansion of cities with high carbon equity remained constrained by differences in
ecological baseline conditions, resource endowments, and development intensity.

The spatial distribution in Figure 3 further shows that high-value areas of carbon equity were mainly
concentrated in regions with favorable ecological conditions and strong carbon-sink capacity, especially
the southwestern ecological barrier and the northeastern forest region. Some mountainous and hilly cities
in southern China also exhibited relatively high levels of carbon equity. In contrast, low-value areas were
more commonly located in regions with higher levels of urbanization and more intensive land development.
Overall, the evolution of the digital economy was more expansionary, whereas ecological foundations more
strongly constrained the evolution of carbon equity. This contrast provides an empirical basis for further
identifying the effect of the digital economy on carbon equity.

Kernel density
I density

Kerne

2011

Figure 2. Kernel density distribution of the digital economy and carbon equity, 2010-2023.
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Figure 3. Spatial distribution of the digital economy and carbon equity, 2010-2023. The map is based on the standard map
approved by the Ministry of Natural Resources (Approval No. GS (2024) 0650), and the base map remains unaltered. (a) Digital
economy, 2010; (b) Digital economy, 2017; (¢) Digital economy, 2023; (d) Carbon equity, 2010; (e) Carbon equity, 2017; (f)
Carbon equity, 2023.

4.2. Baseline Regression

Table 4 reports the baseline regression results for the effect of the digital economy on urban carbon
equity. Columns (1) and (2) present the full-sample estimates without and with control variables,
respectively. Columns (3)—(5) further report the subsample estimates for eastern, central, and western China.
All models control for city fixed effects and year fixed effects.

For the full sample, the estimated coefficient of the digital economy is consistently positive and
statistically significant across different model specifications. Specifically, when only the core explanatory
variable is included and city and year fixed effects are controlled for, the coefficient on the digital economy
is 0.628 and significant at the 1% level. After further controlling for economic development, industrial
structure, urbanization, government intervention, fiscal pressure, and population density, the coefficient
decreases to 0.167 but remains significant at the 1% level. This indicates that the development of the digital
economy generally contributes to improving urban carbon equity. In other words, the digital economy helps
improve the alignment between urban carbon-emission responsibility and ecological carrying capacity.
Therefore, H1 is supported.

The regional subsample results reveal clear spatial heterogeneity in the effect of the digital economy
on carbon equity. In eastern China, the coefficient of the digital economy is 0.088 and significant at the 10%
level, indicating that the digital economy has a positive but relatively limited effect on carbon equity in
eastern cities. In central China, the coefficient is 0.635 and significant at the 1% level, representing the
strongest effect among the three regions. This suggests that, under the combined conditions of industrial
relocation, low-carbon transition pressure, and greater scope for governance improvement, the digital
economy in central China is more likely to be translated into carbon equity gains. By contrast, in western
China, the coefficient on the digital economy is 0.186 but not statistically significant, suggesting that its
positive effect has not yet fully materialized. A possible explanation is that Western cities remain
constrained by relatively weak digital infrastructure, limited industrial support capacity, insufficient



Rural Reg. Dev. 2026, 4(3), 10018. doi:10.70322/rrd.2026.10018 13 of 23

absorptive capacity for green technologies, and lower levels of marketization. These constraints may
weaken the role of the digital economy in reallocating low-carbon governance resources and adjusting
carbon-emission responsibility.

Table 4. Baseline Regression Results.

Variables @ 2 (©)] @ 3
CE CE CE CE CE
DE 0.628 *** 0.167 *** 0.088 * 0.635 **x* 0.186
(0.056) (0.058) (0.048) (0.205) (0.168)
Economic —0.22] #** —0.185 #*x* —0.225 #*x* —0.205 #**
(0.014) (0.017) (0.028) (0.028)
Industrial 0.328 *** 0.336 *** 0.882 #*x* 0.065
(0.074) (0.114) (0.133) (0.139)
Urbanization 0.098 * 0.096 * 0.014 —0.074
(0.058) (0.055) (0.113) (0.167)
Government 1.869 *** 1.226 *** 1.880 *** 2.530 H*x*
(0.246) (0.288) (0.464) (0.522)
Fiscal —1.33] *** —1.172 #*x* —1.054 ** —1.634 #*x*
(0.265) (0.315) (0.496) (0.556)
Population density 0.295 **x* 0.054 0.385 #*x* 0.081
(0.064) (0.064) (0.133) (0.179)
Constant 0.601 *** 1.155 #*x* 1.880 *** 0.667 2.484 Hx*
(0.005) (0.375) (0.384) (0.797) (0.938)
Observations 3934 3934 1400 1246 1288
R-squared 0.033 0.188 0.193 0.250 0.195
Number of city 281 281 100 89 92
City/Year FE YES YES YES YES YES
F-statistic 126.560 105.480 38.710 47.840 35.960

Notes: Standard errors are reported in parentheses. ***, ** and * indicate significance at the 1%, 5%, and 10% levels,
respectively.

4.3. Robustness Tests

To examine the reliability of the baseline regression results, this study conducts robustness tests from
four perspectives: lagging the core explanatory variable, replacing the dependent variable, excluding
extreme observations, and adjusting the sample period. The results are reported in Table 5. Column (1)
reports the baseline regression result with control variables and serves as the benchmark for comparison.

Column (2) replaces the core explanatory variable with the one-period lagged level of digital economy
development to alleviate the potential simultaneity between the digital economy and carbon equity. The result
shows that the coefficient of lagged digital economy development is 0.335 and significant at the 1% level,
indicating that the positive effect of the digital economy on carbon equity has a certain degree of persistence.

Column (3) replaces the dependent variable. To reduce potential estimation bias arising from the
construction of the carbon equity indicator, this study uses an alternative balanced carbon equity index.
This index takes the complete consistency between regional carbon emissions and equitable carbon shares
as the ideal state and is defined as:

1
1+| CE -1

The coefficient of the digital economy is 0.056 and significant at the 5% level, suggesting that the
baseline conclusion does not depend on a single measurement of carbon equity.

CE_fairnessl =
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Column (4) re-estimates the model after excluding extreme observations at the top and bottom 1% of
the main continuous variables. The coefficient of the digital economy is 0.305 and significant at the 1%
level, indicating that outliers do not drive the baseline result. Column (5) restricts the sample period to
2015-2019 to reduce the potential influence of insufficient early-stage digital economy development and
the COVID-19 shock on the estimation results. The coefficient of the digital economy is 0.035 and
significant at the 5% level. Overall, after considering the lagged effect of the explanatory variable, replacing
the measurement of carbon equity, excluding extreme observations, and adjusting the sample period, the
effect of the digital economy on urban carbon equity remains significantly positive. These results indicate
that the baseline conclusion is robust.

Table 5. Robustness Test Results.

@ 2 3 (C)) (6))
Baseline Lagged DE Alternative CE Excluding Outliers Robust_Recent
Variables CE CE CE _fairnessl CE CE
DE 0.167 *** 0.056 ** 0.305 *** 0.035 **
(0.058) (0.022) (0.089) (0.016)
L1 DE 0.335 ***
(0.088)

Controls Yes Yes Yes Yes Yes
Observations 3934 3653 3934 3775 1405
City/Year FE Yes Yes Yes Yes Yes

R-squared 0.188 0.203 0.020 0.197 0.250
Number of city 281 281 281 279 281

Notes: Standard errors are reported in parentheses. *** and ** indicate significance at the 1% and 5% levels, respectively.

4.4. Endogeneity Test

Although the baseline regressions control for city fixed effects and year fixed effects, potential
endogeneity may still exist between the digital economy and carbon equity. On the one hand, cities with
higher levels of carbon equity may have stronger industrial foundations, governance capacity, and
infrastructure conditions, which may also facilitate digital economy development and thereby lead to
reverse causality. On the other hand, unobservable factors such as low-carbon governance capacity, the
innovation environment, and policy implementation capacity may simultaneously affect digital economy
development and carbon equity, resulting in omitted-variable bias. To alleviate these concerns, this study
employs an instrumental variable approach.

Specifically, this study uses the interaction term between provincial telephone penetration in 1984 and
the one-period lagged digital economy index as the instrumental variable and estimates the model using
two-stage least squares. The rationale is that regions with better historical communication infrastructure
tend to have stronger first-mover advantages in the diffusion of subsequent digital technologies and the
construction of digital infrastructure, implying a strong correlation with current digital economy
development. Meanwhile, early communication conditions are unlikely to have a direct effect on current
urban carbon equity; instead, they are more likely to affect carbon equity indirectly through digital economy
development. Therefore, the instrument is theoretically plausible.

Table 6 reports the instrumental variable estimation results. Column (1) presents the baseline regression
result with control variables, column (2) reports the first-stage regression result, and column (3) presents
the second-stage estimate. The first-stage result shows that the coefficient of the instrumental variable is
0.213 and significant at the 1% level, indicating a strong correlation between the instrument and digital
economy development. The second-stage result shows that, after using the instrumental variable approach
to address potential endogeneity, the coefficient of the digital economy is 0.708 and significant at the 5%
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level. This result indicates that the positive effect of the digital economy on urban carbon equity remains
valid after accounting for potential endogeneity, further supporting the conclusion that the digital economy
improves the alignment between urban carbon-emission responsibility and ecological carrying capacity.

Table 6. Endogeneity Test Results.

Variables O 2) 3)
CE First-Stage IV (2SLS)
v 0.213 ***
(0.027)
DE 0.167 *** 0.708 **
(0.058) (0.352)
Controls Yes Yes Yes
Observations 3934 3653 3653
R-squared 0.188 0.505 0.283
Number of city 281 281 281
City FE Yes Yes Yes
Year FE Yes Yes Yes

Notes: Standard errors are reported in parentheses. *** and ** indicate significance at the 1% and 5% levels, respectively.

4.5. Mechanism Tests

To further identify the pathways through which the digital economy affects urban carbon equity, this
study conducts mechanism tests from three dimensions: industrial structure upgrading, green technological
innovation, and market integration. The results are reported in Table 7. Columns (1), (3), and (5) examine
the effects of the digital economy on the three mechanism variables, respectively, while columns (2), (4),
and (6) further include the corresponding mechanism variables in the carbon equity model.

4.5.1. Industrial Structure Upgrading

As shown in column (1) of Table 7, the coefficient of the digital economy on industrial structure
upgrading is 0.237 and significant at the 1% level, indicating that digital economy development
significantly promotes industrial structure upgrading. In column (2), the coefficient of industrial structure
upgrading is 0.013 and significant at the 5% level, while the coefficient of the digital economy remains
positive and significant at the 1% level, with a value of 0.135. Compared with the baseline regression, the
coefficient of the digital economy decreases after industrial structure upgrading is included, suggesting that
industrial structure upgrading constitutes an important pathway through which the digital economy
improves carbon equity.

This finding indicates that the digital economy can facilitate the reallocation of industrial activities
from energy-intensive and high-emission sectors toward sectors with higher technological content and
lower environmental burdens. By reducing the carbon pressure associated with regional economic activities,
this structural adjustment helps improve the alignment between carbon-emission responsibility and
ecological carrying capacity. Therefore, H2 is supported.

4.5.2. Green Technological Innovation

Column (3) of Table 7 shows that the coefficient of the digital economy on green technological
innovation is 0.086 and significant at the 1% level, suggesting that the digital economy effectively
stimulates green technological innovation. In column (4), the coefficient of green technological innovation
is 0.058 and significant at the 1% level, while the coefficient of the digital economy remains positive and
significant at the 1% level, with a value of 0.141.
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This result indicates that the digital economy not only directly improves carbon equity but also exerts
an indirect effect by enhancing green technological innovation capacity. Improvements in digital
infrastructure and the mobility of data elements can reduce the information and coordination costs of green
innovation, accelerate the diffusion and application of energy-saving and carbon-reduction technologies,
and thereby strengthen urban low-carbon governance capacity. Through this mechanism, the digital
economy contributes to improving carbon equity. Therefore, H3 is supported.

4.5.3. Market Integration

Column (5) of Table 7 shows that the coefficient of the digital economy on market integration is 0.073
and significant at the 1% level, indicating that digital economy development helps reduce regional market
segmentation and improve factor mobility and resource allocation efficiency. In column (6), the coefficient
of market integration is 0.179 and significant at the 1% level, while the coefficient of the digital economy
remains positive and significant at the 1% level, with a value of 0.144.

This result suggests that market integration is another important mechanism through which the digital
economy improves carbon equity. As market integration increases, green capital, low-carbon technologies,
and environmental governance resources can be allocated more efficiently across a broader spatial scale.
This helps alleviate the mismatch between carbon-emission responsibility and ecological carrying capacity
across cities. Therefore, H4 is supported.

Table 7. Mechanism Test Results.

@ 2 3 “ () ()
Variables Upgrading CE GT CE MI CE
DE 0.237 *** 0.135 *** 0.086 *** 0.14] *** 0.073 *** 0.144 ***
(0.091) (0.035) (0.015) (0.035) (0.013) (0.035)
Upgrading 0.013 **
(0.006)
0.058 ***
Gt (0.014)
0.179 ***
MI (0.041)
Controls Yes Yes Yes Yes Yes Yes
Observations 3934 3934 3934 3934 3934 3934
City/Year FE Yes Yes Yes Yes Yes Yes
R-squared 0.618 0.307 0.716 0.306 0.653 0.541
Number of city 281 281 281 281 281 281

Notes: Standard errors are reported in parentheses. *** and ** indicate significance at the 1% and 5% levels, respectively.

5. Spatial Spillover Effects of the Digital Economy on Carbon Equity
5.1. Spatial Correlation Test

To examine the spatial dependence of carbon equity, this study first conducts a global spatial
autocorrelation test for the carbon equity index (CE) of 281 Chinese cities from 2010 to 2023. The results
are reported in Table 8.

As shown in Table 8, the global Moran’s I values for carbon equity are positive in all years during the
sample period and significant at the 1% level. This indicates that carbon equity across Chinese cities is not
randomly distributed, but exhibits significant positive spatial autocorrelation. Specifically, the global
Moran’s I range from 0.093 to 0.127, reaching its maximum value of 0.127 in 2019. From 2010 to 2019,
Moran’s I increased from 0.112 to 0.127, suggesting that the spatial clustering of urban carbon equity
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strengthened during the early part of the sample period. After 2020, Moran’s I declined, falling to 0.093
and 0.096 in 2022 and 2023, respectively, but remained significantly positive. This pattern indicates that
the spatial dependence of urban carbon equity gradually shifted from intensified clustering to relative
moderation. Overall, these results suggest that neighboring cities are spatially correlated in terms of carbon-
emission responsibility, ecological carrying capacity, and low-carbon governance conditions.

To further identify the local structure of spatial dependence in carbon equity, this study plots local
Moran scatterplots for three representative years: 2010, 2017, and 2023. The results are shown in Figure 4.
The local Moran scatterplot classifies cities into four types of spatial association: high—high clustering,
low—low clustering, high—low differentiation, and low—high differentiation. Figure 4 shows that
observations in all three years are mainly distributed in the first and third quadrants, indicating that the local
spatial pattern of urban carbon equity is dominated by high—high and low—low clustering. High—high
clustering means that cities with high levels of carbon equity tend to be adjacent to cities with similarly
high levels, whereas low—low clustering means that cities with low levels of carbon equity are more likely
to be surrounded by other low-level cities. This finding is consistent with the global Moran’s I results and
further confirms the pronounced spatial clustering of urban carbon equity.

From a dynamic perspective, the spatial clustering pattern of carbon equity had already begun to
emerge in 2010, with some cities located in the high—high and low—low quadrants. By 2017, observations
became more concentrated in the first and third quadrants, suggesting a strengthening of spatial clustering.
By 2023, the scatter distribution became more dispersed than in 2017, which is consistent with the decline
in global Moran’s I after 2020. This indicates that the spatial pattern of urban carbon equity experienced a
transition from strengthened clustering to marginal moderation during the sample period, although positive
spatial correlation persisted throughout.

Table 8. Global Moran’s I of Carbon Equity.

Year | y/ p-Value
2010 0.112 22.460 0.000
2011 0.108 21.810 0.000
2012 0.109 21.850 0.000
2013 0.113 22.680 0.000
2014 0.112 22.410 0.000
2015 0.120 23.900 0.000
2016 0.117 23.470 0.000
2017 0.116 23.160 0.000
2018 0.122 24.300 0.000
2019 0.127 25.330 0.000
2020 0.118 23.590 0.000
2021 0.119 23.860 0.000
2022 0.093 18.880 0.000

2023 0.096 19.490 0.000
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Figure 4. Local Moran’s I scatterplots of carbon equity. (a) 2010; (b) 2017; (c¢) 2023.

5.2. Spatial Spillover Effect Test

Given the significant global and local spatial dependence of carbon equity identified above, this study
employs a spatial Durbin model with city and year fixed effects to examine the spatial effects of the digital
economy on carbon equity. By incorporating spatial interaction in both carbon equity and the explanatory
variables, the model provides an appropriate framework for distinguishing the local association of digital
development from its cross-city spatial influence. The results are reported in Table 9. Column (1) reports
the estimated coefficients of the local variables X, while column (2) reports the estimated coefficients of
the corresponding spatially lagged variables WxX. The spatial weight matrix is constructed from the
inverse of the geographic distance matrix.

The results in Table 9 show that the coefficient of the local digital economy variable is 0.151 and
significant at the 1% level, indicating that digital economy development significantly improves local carbon
equity. In other words, after accounting for spatial dependence, the positive effect of the digital economy
on the alignment between urban carbon-emission responsibility and ecological carrying capacity remains
valid. This suggests that the digital economy can improve local carbon equity by enhancing information-
identification capacity, increasing the efficiency of resource allocation for low-carbon governance, and
improving the conditions for the green transition.

Meanwhile, the coefficient of the spatially lagged digital economy variable is —0.132 and significant
at the 10% level, indicating that digital economy development in neighboring cities exerts a certain
inhibitory effect on local carbon equity. This result suggests that the effect of the digital economy on carbon
equity does not simply take the form of positive cross-regional diffusion, but instead exhibits spatially
uneven characteristics. One possible explanation is that the development of the digital economy has a strong
resource-agglomeration effect. Digital infrastructure, green technologies, platform resources, and highly
skilled labor are more likely to concentrate in cities with stronger digital foundations and larger market
sizes. As a result, while the digital economy improves local carbon equity, it may also impose competitive
constraints on neighboring cities by weakening their access to low-carbon governance resources and their
capacity for industrial green transformation.

Taken together, the spatial Durbin model results reveal a policy-relevant pattern of “local promotion
and neighboring suppression”. Digital economy development is positively associated with carbon equity
within the focal city, whereas its benefits do not automatically extend to neighboring cities. This pattern
suggests that the environmental gains associated with digitalization may remain spatially concentrated
when digital infrastructure, green technologies, platform resources, and skilled labor are unevenly
distributed across cities.
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Table 9. Spatial Spillover Effects of the Digital Economy on Carbon Equity.

. (09) 2
Variables X WxX
DE 0.15] *** —0.132 *
(0.038) (0.072)
Controls Yes Yes
Observations 3934 3934
R-squared 0.240
sigma e 0.087
rho 0.644
Number of city 281 281
City/Year FE Yes Yes

Notes: Standard errors are reported in parentheses. *** and * indicate significance at the 1% and 10% levels, respectively.

6. Conclusions and Policy Implications

Using panel data for 281 Chinese cities from 2010 to 2023, this study constructs a city-level carbon
equity index and employs two-way fixed-effects models to systematically examine the effect of the digital
economy on regional carbon equity, its underlying mechanisms, and its spatial spillover effects. The main
findings are as follows. First, carbon equity in Chinese cities shows an overall upward trend, although
regional disparities and spatial clustering remain pronounced. Second, the digital economy significantly
improves urban carbon equity, and this conclusion remains valid after a series of robustness checks and
endogeneity tests. Third, the regional heterogeneity analysis shows that the positive effect of the digital
economy on carbon equity is strongest in central China, relatively weaker in eastern China, and not yet
fully evident in western China. Fourth, the mechanism tests indicate that the digital economy improves
carbon equity by promoting industrial structure upgrading, stimulating green technological innovation, and
enhancing market integration. Finally, the spatial Durbin model further shows that the digital economy has
a significant positive effect on local carbon equity but exerts a certain inhibitory effect on neighboring cities,
revealing a spatially uneven pattern characterized by “local promotion and neighboring suppression”.

Based on these findings, this study proposes the following policy implications.

First, differentiated digital economy development strategies should be promoted based on regional
development stages and the foundations of low-carbon governance. Eastern China has a relatively strong
foundation for digital economy development and should place greater emphasis on the deep application of
digital technologies in carbon-emission monitoring, carbon accounting, green manufacturing, and cross-
regional governance. Its digital economy development should shift from scale expansion toward quality
improvement. In central China, where the marginal effect of the digital economy on carbon equity is more
pronounced, policy efforts should rely on industrial relocation and demand for green transition to promote
the coordinated development of industrial digitalization and low-carbon transformation. In western China,
greater priority should be given to strengthening digital infrastructure, public digital services, and
absorptive capacity for green technology, thereby improving the basic conditions for the digital economy
to participate in low-carbon governance.

Second, the synergy between the digital economy, industrial green transformation, green technological
innovation, and market integration should be strengthened. The empirical results show that the digital
economy improves carbon equity through industrial structure upgrading, green technological innovation,
and market integration. Therefore, policy efforts should promote digital transformation and low-carbon
upgrading in energy-intensive, high-emission industries, enhance energy management, optimize production
processes, and improve carbon-emission monitoring capacity. At the same time, incentive mechanisms for
green technological innovation should be further strengthened to facilitate the effective interregional flow
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of low-carbon technologies, green capital, and environmental governance resources, thereby enhancing the
digital economy’s role in advancing carbon equity.

Third, cross-regional digital low-carbon governance mechanisms should be improved to address the
spatially uneven effects of the digital economy on carbon equity. The finding of “local promotion and
neighboring suppression” suggests that the digital dividends generated by the digital economy do not
automatically translate into shared regional benefits. Therefore, spatial units such as urban agglomerations,
metropolitan areas, and key river basins should be used as platforms to promote cross-regional
environmental information sharing, coordination of carbon-emission monitoring standards, and the joint
development of data factor markets and carbon markets. These measures can help reduce interregional gaps
in digital resource allocation and in low-carbon governance capacity, preventing the digital economy’s
development from further reinforcing the spatial differentiation of carbon equity.

This study has three limitations. First, the measurement of carbon equity mainly focuses on the
alignment between carbon-emission responsibility and carbon-sink capacity, while broader dimensions
such as interpersonal equity, intergenerational equity, and consumption-based carbon responsibility are not
fully incorporated. Second, this study identifies the effect of the digital economy on carbon equity mainly
at the city level, while the micro-level mechanisms related to firm low-carbon transition [50], industrial
chain adjustment, and cross-regional factor mobility require further investigation. Third, owing to the
availability of consistent long-term city-level data, the digital economy index primarily captures Internet
development and digital financial inclusion. Other potentially relevant dimensions are not directly incorporated.
Future research may combine firm-level data, industrial chain network data, more comprehensive measures of
digital development, and multiple spatial weight matrices to further identify the boundary conditions and
implementation mechanisms through which the digital economy affects carbon equity.
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