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A B S T R A C T

The national digital economy innovation and development pilot zone represents a pivotal digital policy that 
significantly accelerates digital economic growth. This study analyzed its impact on high-quality economic 
development using urban-level panel data from China and a difference-in-differences (DID) approach. Our results 
revealed that the pilot zone significantly promotes high-quality economic development, which remained robust 
following placebo tests and propensity score matching. Our analysis revealed significant heterogeneity in the 
pilot zone’s impact, which is influenced by urban attributes and factors. Non-linear regression analysis indicated 
that the pilot zone yielded a more pronounced positive effect in cities with higher initial levels of high-quality 
economic development, while spatial tests revealed an adverse spatial spillover effect on surrounding areas. 
The study identified green technological innovation, industrial agglomeration, and reduced capital misallocation 
as key mechanisms through which the pilot zone contributed to high-quality economic development. Despite an 
objective trend of regional convergence, the pilot zone did not positively contribute to this process. Taken 
together, the findings of this study provide important theoretical support for the implementation of digital 
policies and the formulation of strategies to foster high-quality economic development.

Introduction

Since its reform and opening-up, China has achieved remarkable 
economic growth (Chen et al., 2019; Guo et al., 2023), emerging as the 
world’s second-largest economy and a global manufacturing hub (Deng 
et al., 2023; Yang & Tian, 2023). However, this rapid expansion has 
exposed structural challenges, including low value-added production 
and innovation deficits (Fan et al., 2021). As the economy transitions to 
a structural slowdown phase, the strategic priority has shifted from 
speed to quality. Consequently, pursuing sustainable, coordinated, and 
high-quality development has emerged as a critical strategic imperative. 
In response, the Chinese government has formally prioritized 
high-quality economic development over rapid growth (Gu et al., 2021; 
Guo & Sun, 2023). High-quality economic development refers to sus-
tainable development that mitigates environmental damage costs 
through efficient resource allocation, generates high production output 
benefits, and better satisfies the living needs of the population. This 
represents a fundamental transition from a traditional speed-prioritized 
growth model. Enhancing the quality of economic development is 
pivotal in shaping the future trajectory of China’s economic progress 
(Yin et al., 2023), serving as a cornerstone for healthy, sustainable 

development and a key focus in the modernization of its economic 
system. Therefore, high-quality development, as an elevated demand for 
national economic growth, carries significant and unique value (Song 
et al., 2022).

Meanwhile, the Chinese government has consistently emphasized 
the importance of building a digital economy with data as a core 
element. Guided by new development principles of innovation, coordi-
nation, green development, openness, and sharing, the government is 
driving the digital transformation of industries and fostering the deep 
integration of the digital and real economies (Han & Wang, 2022). 
Location-oriented policies are a crucial instrument of macroeconomic 
regulation in China, widely implemented to promote high-quality 
regional economic growth (Qian et al., 2018). In the digital economy 
era, the global economic system is increasingly characterized by digital 
features, with digital productivity emerging as a defining hallmark 
(Tong et al., 2022). In 2019, at the sixth World Internet Conference held 
in Wuzhen, the national digital economy innovation and development 
pilot zone was officially launched, with six pilot zones approved in 
Hebei Province (Xiong’an New Area), Zhejiang Province, Fujian Prov-
ince, Guangdong Province, Chongqing City, and Sichuan Province. The 
conference also unveiled the National Digital Economy Innovation and 
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Development Pilot Zone Implementation Plan, which underscores that each 
pilot zone should leverage its unique strengths and structural trans-
formation characteristics to explore innovative approaches. The focus 
will be on optimizing the allocation of digital economy elements, 
improving circulation mechanisms, and fostering new production re-
lationships. These pilot zones are positioned as pioneering demonstra-
tion areas for the spatial layout, industrial clusters, and ecological 
environments of the digital economy, offering significant exploratory 
and innovative value for China’s digital development.

China’s economy is currently undergoing a critical transition toward 
high-quality development, with emerging digital technologies, particu-
larly big data, serving as key transformation drivers (Ding et al., 2022). 
As a pivotal digital economy initiative, the national digital economy 
innovation and development pilot zone is essential for advancing 
regional digital technologies. Therefore, the primary research question 
of this study focuses on whether the implementation of the national 
digital economy innovation and development pilot zone significantly 
enhances high-quality economic development. If so, what are the un-
derlying mechanisms driving this impact? Besides, does the imple-
mentation of the pilot zone exhibit heterogeneity and significant spatial 
spillover effects on high-quality economic development? Investigating 
these questions in depth will elucidate the relationship between digital 
technology and high-quality economic development, while expanding 
the evaluation framework for assessing the effects of digital policies. 
Besides, our findings will provide valuable decision-making insights for 
achieving high-quality economic development goals.

This paper uses the establishment of the national digital economy 
innovation and development pilot zone as a natural experiment to 
investigate how digital policy affects high-quality development of the 
economy, making contributions in the following four areas: (1) First, it 
systematically examines the effects of the pilot zone on economic 
transformation and development using city-level empirical evidence. 
This provides new insights and a valuable supplement to research on 
digital economy institutional construction and high-quality economic 
development. (2) Second, by treating the pilot zone as an exogenous 
shock, this study constructs a DID model using city panel data to address 
endogeneity and data measurement issues, offering new empirical in-
sights. Furthermore, the study employs the Spatial Durbin Model with 
DID (SDMDID) and a convergence model to analyze the spatial spillover 
and convergence effects of the digital policy, providing a more 
comprehensive analysis of its policy outcomes. (3) Third, this study 
identifies green technological innovation, industrial agglomeration, and 
resource allocation efficiency as intermediate pathways through which 
digital policy positively impacts high-quality development of the econ-
omy and offers valuable recommendations for achieving sustainable 
economic development goals. (4) Finally, by taking into account urban 
attributes and urban scale, the present study measures the diverse im-
pacts of digital policy on high-quality development of the economy, 
uncovering the uneven characteristics of current development. These 
findings provide valuable guidance for future government digital policy 
aimed at promoting balanced regional development.

The subsequent sections of this study are structured as follows: 
Section 2 provides a comprehensive review of relevant literature and 
formulates research hypotheses. Section 3 outlines the research design 
and methodology. Section 4 presents and discusses the empirical results. 
Finally, Section 5 concludes the study by summarizing the findings and 
discussing their policy implications.

Literature review and hypotheses development

Literature review

Since its inception, the concept of high-quality economic develop-
ment has generated extensive scholarly debate regarding its connotation 
and measurement (Zhang & Bi, 2022). Connotation studies typically 
define it as an efficient, inclusive, and sustainable growth model that 

addresses key social issues and meets rising public expectations (Zhang 
et al., 2019). Besides, Hong et al. (2022) further characterized 
high-quality economic development in terms of technological innova-
tion, institutional reform, industrial transformation and upgrading, and 
development efficiency. Building on this conceptual understanding, 
some scholars have employed single indicators to measure high-quality 
economic development. For instance, Gao et al. (2023) utilized total 
factor productivity (TFP) as a proxy for the level of high-quality eco-
nomic development. However, single indicators often capture only one 
dimension of economic development and fail to fully reflect the multi-
faceted nature of high-quality economic development (Yang & Tian, 
2023). Consequently, other researchers have developed comprehensive 
evaluation frameworks to assess high-quality economic development 
(Guo & Sun, 2023; Zhou et al., 2022). In this regard, Kong et al. (2021)
constructed an economic quality index system based on efficiency, sta-
bility, and sustainability. Similarly, Li et al. (2021) established a 
three-tier indicator system encompassing economic growth structure, 
economic efficiency, the ecological environment, and social 
coordination.

Existing research on factors influencing high-quality economic 
development focuses on several key areas, including environmental 
regulation (Liu et al., 2021; Song et al., 2022), human capital (Ji et al., 
2023), technological innovation (Deng et al., 2023), green finance (Yang 
et al., 2021), foreign trade (Lou & Qu, 2023; Zhang et al., 2023a), and 
clean energy investment (Zhuang & Pan, 2022). For example, Song et al. 
(2022) conducted an empirical analysis of the impact of environmental 
regulation on high-quality economic development using a spatial Durbin 
model, with the Huai River Economic Belt as a case study. Yang et al. 
(2021) utilized provincial-level panel data in China to empirically 
examine the role of green finance in promoting high-quality economic 
development, finding that green finance significantly contributes to this 
goal. In terms of industrial agglomeration, Guo and Sun (2023) found 
that manufacturing agglomeration influences local high-quality eco-
nomic development and generates positive spatial spillover effects. 
Zhuang and Pan (2022) explored the impact of clean energy investment 
on high-quality economic development, arguing that such investment, 
through the adoption of low-emission technologies, serves as an effec-
tive pathway to achieving this goal. Deng et al. (2023) used urban-level 
panel data to study the role of collaborative innovation in promoting 
high-quality economic development, concluding that collaborative 
innovation within urban agglomerations fosters high-quality economic 
development both within and around cities. Finally, Zhang et al. (2023a)
examined the impact of foreign direct investment on high-quality eco-
nomic development by adopting a partial least squares structural Eq. 
model.

In summary, the existing literature on high-quality economic 
development offers valuable insights into the relationship between 
digital policies and high-quality economic development. However, 
research on the national digital economy innovation and development 
pilot zone, a key component of digital policy, remains relatively limited, 
and the pathways through which it influences high-quality economic 
development are not yet fully understood. To address this gap, this study 
establishes a comprehensive analytical framework to investigate how 
digital policies can drive high-quality economic development. While 
previous studies using proxy variables for empirical analysis often 
encounter issues of endogeneity and estimation bias (Cheng et al., 2019; 
Qiu et al., 2021), this paper leverages the national digital economy 
innovation and development pilot zone as a quasi-natural experiment 
and employs the DID model to examine the policy effects and trans-
mission mechanisms of digital policies on high-quality economic 
development. Furthermore, by focusing on Chinese cities as the research 
subject, this study explores the logical relationship between digital 
policy and high-quality economic development at a more granular 
spatial scale.
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Hypotheses development

Building on endogenous growth theory, this study develops an 
analytical framework examining the impact of digital policies on high- 
quality economic development through three mechanisms: green tech-
nology innovation, resource allocation efficiency, and industrial 
agglomeration.

The national digital economy innovation and development pilot zone 
advances high-quality economic development through aligned objec-
tives, mission orientation, and operational mechanisms. The Imple-
mentation Plan for the National Digital Economy Innovation and 
Development Pilot Zone, issued by the National Development and Re-
form Commission and the Central Cyberspace Administration, explicitly 
states that the pilot zone should adhere to the new development phi-
losophy and drive high-quality development. The establishment of the 
pilot zone focuses on key tasks such as activating new production fac-
tors, fostering new growth drivers, exploring new governance models, 
and constructing new infrastructure, all aimed at enhancing the level of 
high-quality economic development. The data-driven operational model 
of the pilot zone aligns with the inherent requirements of high-quality 
economic development, emphasizing the central role of data as a crit-
ical production factor and exploring the construction of a new economic 
paradigm characterized by data-driven innovation. Based on this anal-
ysis, this study proposes the following research hypotheses:
H1. The implementation of digital policy facilitates high-quality eco-
nomic development in pilot regions.

Digital policies, such as the national digital economy innovation and 
development pilot zone, compel governments to strengthen top-level 
design and integrated planning for the digital economy. This includes 
enhancing local policy support, increasing R&D investment, and 
providing foundational support for green technology innovation. Spe-
cifically, the pilot zone facilitates the flow of innovative and techno-
logical elements, mitigates information asymmetry, and reduces 
technological innovation costs (Qi et al., 2023), thereby improving the 
quality of green technology innovation. Furthermore, the continuous 
influx of innovative elements enhances regional competitiveness 
through competitive effects and stimulates green innovation vitality 
within industries and enterprises.

Within high-quality economic development frameworks, resource 
scarcity and environmental constraints are increasingly critical (Guo 
et al., 2023). High-quality economic development fundamentally ne-
cessitates green technology innovation. On the one hand, green tech-
nology innovation directly generates economic value (Du & Li, 2019) by 
driving technological advancements, facilitating the transformation of 
theoretical research into practical applications, enhancing total factor 
productivity, and expanding the boundaries of production activities. As 
a result, it significantly reduces the environmental impact of production 
and consumption while conserving production resources (Wang et al., 
2021). On the other hand, green technology innovation transforms or 
even eliminates high-consumption and high-pollution industries, 
fostering the emergence of low-energy, environmentally friendly in-
dustries and enabling continuous upgrades and optimization of the in-
dustrial structure. This, in turn, improves the ecological environment 
and elevates the level of high-quality economic development. Based on 
this analysis, the following research hypothesis is proposed:
H2. The implementation of digital policy facilitates high-quality eco-
nomic development through the enhancement of green technology 
innovation.

The national digital economy innovation and development pilot zone 
accelerates digital-real economy integration, supplying firms with 
diverse access to digital elements, innovation resources, and service 
functions. This fosters industrial agglomeration while transforming 
production modes and organizational structures through the digital 
economy’s virtual, low-cost, instant-communication nature, thereby 

reshaping macro-level agglomeration patterns. The externalities of in-
dustrial agglomeration are critical for promoting high-quality economic 
development (Zang and Xue, 2023). On the one hand, industrial 
agglomeration fosters a diversified division of labor and cooperation, 
generating knowledge and technology spillovers through external ef-
fects, which enhance productivity (Andersson & Lööf, 2011; Ciccone, 
2002). On the other hand, industrial agglomeration concentrates factors 
such as labor, capital, and technology, promoting specialized division of 
labor, optimizing the allocation of limited factor resources, and 
elevating the level of high-quality economic development (Fan & Scott, 
2003). Zheng and He (2022) utilized panel data from 16 cities in the 
Chengdu-Chongqing Economic Zone to examine the impact of industrial 
agglomeration on high-quality economic development, concluding that 
industrial agglomeration positively influences high-quality economic 
development. Based on the above analysis, this study proposes the 
following hypothesis:
H3. The implementation of digital policy facilitates high-quality eco-
nomic development through the promotion of industrial agglomeration.

The national digital economy innovation and development pilot zone 
can significantly enhance resource allocation efficiency by leveraging 
the valuable information embedded in data. Data elements improve the 
synergy among production factors, optimizing their allocation (Cai & 
Ma, 2021). Furthermore, the pilot zone can integrate idle goods or ser-
vices, offering products at lower prices. The integration of big data 
across online and offline resources enables the complete separation of 
ownership and usage rights of traded goods, weakens the property 
ownership of traded items, facilitates the circulation of production fac-
tors, and enhances resource allocation efficiency. Acemoglu & Restrepo 
(2018) found that digital technologies improve the efficiency of labor 
and capital allocation by reducing temporal and spatial barriers for 
workers. The improvement in resource allocation efficiency has signif-
icant implications for promoting high-quality economic development, 
and substantial room for this enhancement currently exists in China. 
Resource misallocation is a critical factor contributing to the loss of 
resource allocation efficiency, as it can hinder innovation, delay in-
dustrial upgrading, and alter input-output structures, thereby dimin-
ishing the quality of economic development (David & Emmanuel, 2020). 
Based on these insights, we propose the following hypotheses:
H4. The implementation of digital policy facilitates high-quality eco-
nomic development through the enhancement of resource allocation 
efficiency.

Research design

Model settings

The DID method is an econometric approach for evaluating the ef-
fects of policy implementation. By treating policy variables as exoge-
nous in a quasi-natural experiment, it effectively addresses the 
endogeneity problem of new policies as explanatory variables (Li et al., 
2018; Qiu et al., 2021). To examine the impact of the national digital 
economy innovation and development pilot zone on high-quality eco-
nomic growth, this paper considers the pilot zone as a quasi-natural 
experiment and constructs a DID model based on the methodology by 
Beck et al. (2010). 
HQEDit = β0 + β1DIDit +

∑
βjXit + γi + μt + εit (1) 

Here, I and t represent the city and year, respectively; HQED denotes 
the level of high-quality economic development; DIDit = Treati × Time, 
where Treati indicates whether a city belongs to the national digital 
economy innovation and development pilot zone, with a value of 1 
signifying inclusion in the pilot zone and 0 for non-inclusion; Timet is a 
time dummy variable, taking a value of 1 if the city in the experimental 
group implemented the national digital economy innovation and 
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development pilot zone in that year, and 0 if the national-level big data 
comprehensive experimental zone has not yet been implemented; X 
represents a set of control variables; γi and μt are individual fixed effects 
and time effects, respectively, and εit is a random error term.

The econometric model described above primarily evaluates the 
impact of the national digital economy innovation and development 
pilot zone on the expected conditions of high-quality economic devel-
opment. This approach, based on mean regression, is susceptible to 
outliers. Moreover, for non-conditional distributions, the mean may not 
fully capture the overall characteristics of the conditional distribution. 
Traditional methods often involve grouping the entire sample based on 
specific statistical measures and analyzing it using grouped mean 
regression techniques. Although such sample segmentation can reveal 
information about the tails of the distribution, it inevitably introduces 
selection bias and sample loss due to truncated regression. In contrast, 
the quantile regression model addresses these limitations by utilizing the 
entire dataset without subjective sample grouping. By modeling 
different quantiles separately, it provides a more comprehensive un-
derstanding of the distribution’s overall characteristics.

Assume that the distribution function of the random variable Y is as 
follows: 
F(y) = P(y) (2) 

Then, the τ-th quantile of Y is: 
F−1(τ) = inf{y : F(y) ≥ τ} (3) 

For a random sample of Y, {y1, y2, ⋯, yn}, its τ-th quantile can be 
obtained by solving the following Eq.: 

minβ∈RP

[
∑

i∈{i:yi≥ε}

τ | yi − ε | +
∑

i∈{i:yi<ε}

(1 − τ) | yi − ε |

]

(4) 

For a general linear conditional quantile function, there is: 
Q(τ | X = x) = xʹβ(τ) (5) 

Parameter estimates can be obtained by solving the following Eq.: 

β̂(τ) = argminβ∈RP
∑n

i=1
pτ

(yi − xʹ
iβ
) (6) 

For any τ in the interval (0,1), the estimated value β̂(τ) is referred to 
as the regression coefficient estimate at the τ-th quantile.

To accurately characterize the complete statistical properties of the 
conditional distribution and effectively evaluate the impact of the na-
tional digital economy innovation and development pilot zone across 
the entire distribution of high-quality economic development, especially 
at its tails, this study examines the dynamic evolution of the policy’s 
marginal effects throughout the process of high-quality economic 
development. Drawing on the methodology of Wang & Shao (2023), this 
paper constructs a quantile regression model. This model conceptualizes 
the dependent variable as a functional distribution and estimates the 
effects of independent variables at specific conditional quantiles by 
minimizing a weighted sum of absolute residuals. 
HQEDit(τ) = β0(τ) + β1(τ)DIDit +

∑
βi(τ)Xit + γi + μt + εit (7) 

Herein, τ (0<τ<1) represents different quantiles of the conditional 
distribution, specifically 0.1, 0.25, 0.5, 0.75, and 0.9; the core coef-
ficient β1(τ) reveals the marginal impact of the national digital economy 
innovation and development pilot zone on high-quality economic 
development at different quantile points.

Tobler’s First Law of Geography posits that everything is related to 
everything else, but near things are more related than distant things 
(Tobler, 1969). The traditional DID method is suitable for estimating 
scenarios where policy shocks do not have spillover effects. However, 
due to the existence of spatial economic linkages, policy shocks from the 
national digital economy innovation and development pilot zone may 

have spillover effects to some extent. Therefore, considering the po-
tential spatial effects of the pilot zone on high-quality economic devel-
opment, this paper, drawing from the approach of Sunak & Madlener 
(2016), employs the Spatial Durbin Model with DID (SDMDID) to further 
analyze the spatial effects of the pilot zone on high-quality economy. 
The econometric model is as follows: 
HQEDit = β0 + ρ1

∑
WijHQEDit + β1DIDit + ρ2

∑
WijDIDit +

∑
βωXit   

+γi + μt + εit (8) 
Herein, W represents the spatial weight matrix. In spatial models, the 

neighborhood structure of spatial locations is represented by the spatial 
weight matrix, which assigns greater weight to regions that are closer in 
distance (Xu et al., 2023). Consequently, this paper employs a 
geographic distance spatial weight matrix in the baseline regression, 
with the specific calculation as follows: 
Wd

ij = e−adij (9) 

Wʹd
ij =

⎧
⎪⎪⎪⎨
⎪⎪⎪⎩

Wd
ij∑

jWh
ij
, i ∕= j

0, i = j
(10) 

Herein, Wij is the matrix element in the i-th row and j-th column; dij 
represents the geographic distance between spatial unit i and spatial unit 
j, with Wʹd

ij denoting the normalized spatial weight. Concurrently, an 
economic distance spatial weight matrix is used for robustness checks 
(Guo & Sun, 2023), with its specific calculation as follows: 

We
ij = Wijdiag

(Y1
Y ,

Y2
Y ,⋯,

Yn
Y
)

(11) 

Wʹe
ij =

⎧
⎪⎪⎪⎨
⎪⎪⎪⎩

We
ij∑

jWe
ij
, i ∕= j

0, i = j
(12) 

Wherein, We
ij represents the economic distance spatial weight matrix, 

Yi denotes the average per capita GDP of the i-th region within the 
sample period, and Y represents the average per capita GDP within the 
sample period. ρ is the spatial spillover coefficient; the meanings of the 
other variables are the same as in Eq. (1).

Finally, building on the theoretical analysis, this paper further ver-
ifies the mechanism of action of the national digital economy innovation 
and development pilot zone on high-quality economy. Drawing on 
existing research (Li & Du, 2021; Yin & Miao, 2024), we have estab-
lished the following model: 
Mechit = β0 + β1DIDit +

∑
βjXit + γi + μt + εit (13) 

Herein, Mechit it represents the mechanism variables, including 
green technology innovation, industrial agglomeration, and resource 
allocation efficiency.

Data and variable definition

Variable and definition
Dependent variable: High-quality economic development (HQED). 

While the definition of HQED varies, most studies agree on two core 
dimensions: the quality of the economic development process and the 
quality of the economic development outcome (Gang & Zhao, 2025; Lin 
& Xu, 2025; Zhao, 2024). Considering the differences in economic 
development stages, high-quality economic development connotes two 
dimensions: the quality of the economic development process and the 
quality of the economic development outcome. The quality of the 
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economic development process is primarily characterized by energy 
consumption in economic development, resource allocation efficiency, 
and the vitality of economic entities, among other factors. It reflects the 
dynamic process of economic development and primarily examines 
changes in various economic indicators, such as the reduction in energy 
consumption per unit of GDP, the increase in the urbanization rate, the 
rise in income levels, and the upgrading of the industrial structure. In 
contrast, the quality of the economic development outcome mainly en-
compasses the efficiency of economic growth and the levels of various 
economic indicators. It reflects the results of economic development and 
focuses on the final state of these economic indicators, such as energy 
consumption per unit of GDP, the urbanization rate, income levels, and 
the status of the industrial structure. Based on the new development 
philosophy, this paper evaluates the relative development quality of 
China’s urban economy under the premise of attaching importance to 
the quality of the economic development process.

Innovation, coordination, green development, openness, and sharing 
are fundamental to achieving high-quality economic development (Guo 
& Sun, 2023; Yang et al., 2019). This model is characterized by a shift 
from extensive growth to a focus on quality, emphasizing the efficient 
and precise allocation of resources. Guided by a people-centered 
approach, this model seeks to establish a modern industrial system, 
drive innovation, optimize industrial structure, enhance value chains, 
and accelerate the green, low-carbon transition, ultimately boosting 
economic, ecological, and social outcomes. Building on existing research 
and adhering to the principles of systematic construction and data 
availability, this study constructs an index system for evaluating 
high-quality economic development (Song et al., 2022; Zhou et al., 
2020).

Given the complexity and multiplicity of indicators involved in the 
comprehensive assessment of high-quality economic development, it is 
essential to determine indicator weights and perform data dimension-
ality reduction. Compared with the principal component analysis 
method, the entropy method reduces subjective interference in deter-
mining index weights. The entropy method is a mathematical technique 
for creating a composite index from various factors. It measures varia-
tion in an indicator, assigning a higher weight to indicators with less 
variation since they contain more information. The TOPSIS rule is a 
quantitative sorting technique that ranks measured objects based on 
their proximity to an optimal solution. It is both reasonable and 
computationally simple. The entropy-TOPSIS method combines the 
advantages of the above two methods. Based on the methodology of Yu 
(2021a) and drawing on the more accurate measurement capabilities of 
the entropy method as noted by Wang et al. (2022), this study employs 
the entropy method to assign weights to indicators of high-quality 
economic performance and calculates a composite index of 
high-quality economic development. The specific composition of the 
index system is detailed in Table 1.

Core independent variable: National digital economy innovation and 
development pilot zone. This study employs the establishment of the 
national digital economy innovation and development pilot zone as a 
proxy for digital policy intervention. Accordingly, a dummy variable is 
constructed: cities designated as pilot zones are assigned a value of 1, 
while non-pilot cities are assigned a value of 0. Furthermore, the vari-
able takes the value of 1 from the year of the pilot zone’s establishment 
onward, and 0 for the period prior to the policy implementation.

Mechanism variables: Green Technology Innovation (GTI). The 
classification of green patents strictly conforms to the standards estab-
lished by the World Intellectual Property Organization. A comprehen-
sive collection and screening of patent data from both the National 
Intellectual Property Administration and Google Patents was conducted, 
leading to the compilation of a green patent dataset at the prefecture- 
level city scale. In accordance with the patent categorization guide-
lines issued by the National Intellectual Property Administration, utility 
model patents are subject to relatively lower requirements for creativity, 
whereas invention patents must demonstrate both novelty and 

inventiveness, and are subject to more stringent application and exam-
ination procedures. As an output indicator of regional innovation input, 
patent data reflect valuable information concerning regional innovation 
endowments, such as research personnel, funding, and capabilities, and 
serve as a direct measure of regional innovation capacity. Therefore, 
following established scholarly practices (Gao et al., 2022; Lin & Ma, 
2022), this study adopts the number of green invention patent appli-
cations per ten thousand people within each region as a proxy variable 
for the level of green technology innovation.

Industrial Agglomeration (IA): Industrial agglomeration refers to the 
geographic concentration of a specific industry within a particular re-
gion. Common measurement indicators include location entropy 
(Keeble et al., 1991; Zhang et al., 2023b), the Gini coefficient (Wen, 
2004), and the EG index (Lin et al., 2011), among others. When selecting 
an appropriate measurement approach, it is necessary to account for 
variations in the administrative area sizes of different cities and their 
relative positions within the national context. Therefore, this paper 
adopts the geographic concentration method to quantify industrial 
agglomeration.

Resource Allocation Efficiency (RAE): Hsieh and Klenow (2009)
studies have pointed out that distortions in the allocation of production 
factors result in differences in the marginal costs of capital and labor 
factors among regions, making it challenging for resources to flow 
freely, leading to low resource allocation efficiency. Therefore, this 
paper draws inspiration from Hsieh and Klenow (2009) and calculates 
the Capital Misallocation Index (CM) and Labor Misallocation Index 

Table 1 
Evaluation index.

Primary indexes Secondary indexes Index interpretation Attributes
Innovative 

Development
Investment in 
Science and 
Education

Science and Technology 
Investment / Fiscal 
Expenditure

+

​ ​ Education Investment / 
Fiscal Expenditure

+

Coordinated 
Development

Financial 
Development

Financial Deposits Balance 
/ Financial Loans

+

​ People’s 
Livelihood

Per Capita Income per Unit +

​ ​ Non-Real Estate Investment 
/ Fixed Asset Investment

+

​ Industrial 
Structure

Proportion of the Tertiary 
Industry

+

Open 
Development

Overview of 
Foreign Investment

Utilization of Foreign 
Capital

+

​ Overview of 
Foreign Enterprises

Total Output Value of 
Foreign Enterprises

+

Green 
Development

Emission of Three 
Wastes

Industrial Wastewater 
Discharge / Industrial 
Output Value

-

​ ​ Industrial Sulphur Dioxide 
Emissions / Industrial 
Output Value

-

​ ​ Industrial Smoke (Dust) 
Emissions / Industrial 
Output Value

-

​ Pollution 
Treatment

Comprehensive Utilization 
Rate of General Industrial 
Solid Waste

+

​ ​ Centralized Treatment Rate 
of Sewage Treatment Plants

+

​ ​ Harmless Treatment Rate of 
Domestic Garbage

+

Shared 
Development

Social Welfare Number of Physicians / 
Population

+

​ ​ On-the-Job Employees’ 

Wages
+

​ ​ Urban Greening Rate +

​ Consumption Level Social Retail Goods 
Consumption / GDP

+

​ Government 
Burden

Fiscal Expenditure / Fiscal 
Revenue

-
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(LM) as proxies for resource allocation efficiency.
Control variables: To minimize the potential influence of omitted 

variable bias, this study introduces a set of control variables into the 
model, including urban scale (SU), human capital (HC), population size 
(PS), and infrastructure level (UF), in accordance with prior research 
(Guo & Sun, 2023; Ma et al., 2023; Wang & Li, 2019). Specifically, urban 
scale is measured by the logarithm of land area. Human capital, which 
contributes significantly to technological research and development and 
thereby enhances productivity and labor efficiency, is proxied by the 
number of college students per ten thousand people. Population size is 
represented using the logarithm of the registered population, following 
the approach adopted by Guo et al. (2023). Infrastructure development 
is measured by the logarithm of the year-end actual urban road area, 
consistent with the methodology of Yu (2021b).

Descriptive Statistics
Table 2 reports the descriptive statistics of all variables. The index of 

high-quality economic development ranges from 0 to 0.1390, with a 
mean of 0.0053 and a standard deviation of 0.0138, suggesting 
considerable heterogeneity in economic development quality across the 
sample during the study period. A comparative analysis between the 
experimental and control groups reveals that the former exhibits a 
notably higher level of high-quality economic development. Further-
more, the descriptive statistics for the remaining control variables fall 
within reasonable ranges and are generally consistent with theoretical 
expectations.

Furthermore, we plotted comparative trend lines to visualize the 
evolution of high-quality economic development in both the experi-
mental and control groups. As shown in Fig. 1, following the imple-
mentation of the national digital economy innovation and development 
pilot zone, the disparity in high-quality economic development between 
these two groups has steadily increased. This pattern offers visual evi-
dence of the policy’s potential positive effect on economic development 
quality. Nevertheless, given that average-based trend analyses may be 
confounded by underlying time trends or other unobserved factors, the 
causal influence of the pilot zone policy on high-quality economic 
development cannot be definitively established through graphical 
means alone. To more rigorously identify this relationship, we proceed 
to econometric model estimation for robust empirical identification.

Results

Benchmark model regression

This study employs the DID approach to evaluate the policy effects of 
the national digital economy innovation and development pilot zone on 
high-quality economic development. To ensure the robustness of the 
baseline regression, control variables are incrementally added one by 
one (Shao et al., 2019). The specific regression results are presented in 
Table 3. Model 1, which includes city fixed effects and year fixed effects, 
regresses solely on the national digital economy innovation and 

development pilot zone as the explanatory variable. The coefficient is 
significantly positive at the 5 % level, indicating that the pilot zone 
significantly promotes high-quality economic development, thereby 
validating Hypothesis 1 (H1). The findings of this study align with those 
of Kong et al. (2023), who similarly demonstrated the impact of digital 
economic development on high-quality economic growth. However, 
their study employed a constructed digital economy evaluation index 
system to assess this relationship.

Current evidence suggests that the national digital economy inno-
vation and development pilot zone exerts a significant positive effect on 
high-quality economic growth, primarily attributable to two factors. 
First, the pilot zone is designed to foster emerging industries, secure 

Table 2 
Descriptive statistics for the variables.

Variables Obs Mean Std Min Max
Overall Treatment Control

HQED 3336 0.005 0.007 0.004 0.013 0.000 0.139
NDEI 3336 0.054 0.250 0.000 0.227 0.000 1.000
GTI 3336 0.745 1.205 0.616 1.825 0.000 27.127
IA 3336 2.124 3.940 1.610 4.559 0.016 70.847
CM 3336 12.513 14.685 11.902 19.377 0.002 257.262
LM 3336 0.364 0.368 0.363 0.340 0.000 5.019
SU 3336 9.333 9.068 9.408 0.800 7.014 12.474
HC 3336 195.918 180.960 200.176 250.587 1.885 1427.003
PS 3336 5.888 6.028 5.848 0.706 2.995 8.136
UF 3336 7.058 7.104 7.044 0.964 2.639 10.006

Fig. 1. The trend of high-quality economic development.

Table 3 
Benchmark regression results.

Variables (1) (2) (3) (4) (5)
DID 0.031**

(2.03)
0.030**
(2.00)

0.032**
(2.04)

0.042***
(2.69)

0.037**
(2.12)

SU ​ 0.075 
(1.29)

0.088 
(1.46)

0.193***
(2.99)

0.195***
(3.05)

HC ​ ​ 0.014 
(0.95)

0.009 
(0.59)

0.010 
(0.60)

PS ​ ​ ​ -0.153***
(-4.59)

-0.164***
(-5.04)

FS ​ ​ ​ ​ 0.028**
(2.09)

City FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 3336 3336 3336 3336 3336
R-squared 0.9877 0.9877 0.9865 0.9878 0.9891

Note: *p < 0.1,
** p < 0.05,
*** p < 0.01.
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future development opportunities, and serve as a critical platform for 
advancing mass entrepreneurship and innovation, as well as expanding 
the new economic frontier. It also plays a pivotal role in deepening 
supply-side structural reforms and promoting the high-quality devel-
opment of traditional industries. Besides, the data-driven model of the 
pilot zone aligns with the inherent requirements of high-quality eco-
nomic development. By emphasizing data as a key production factor, it 
facilitates a new economic paradigm characterized by data-driven 
innovation. Indeed, digital technologies have permeated all sectors, 
giving rise to emerging economic models such as the online economy, 
sharing economy, and platform economy. These new economic forms 
facilitate the development of technology-intensive industries and sup-
port the digital transformation of traditional sectors (Huang et al., 2019; 
Wang & Shao, 2024). Furthermore, the implementation of the national 
digital economy innovation and development pilot zone has enabled a 
more comprehensive exploration of consumer demand, eliminated 
geographical barriers to goods and services, and streamlined consumer 
purchasing behavior. By enhancing price transparency and fostering 
standardized, lower pricing mechanisms, these zones promote 
consumption-driven high-quality economic growth (Yang, 2022).

Models 2 to 5 present the regression results after sequentially 
introducing control variables. The coefficients for the national digital 
economy innovation and development pilot zone remain significantly 
positive across these models, demonstrating the robustness of the 
regression results. Furthermore, the regression results for the control 
variables are generally consistent with economic theory.

Parallel trend test

A primary challenge in policy evaluation stems from the potential 
non-random selection of pilot areas. Such selection bias may distort the 
estimated policy effects and undermine the credibility of the findings 
(Song et al., 2020; Roth, 2022). To enhance the validity of the research 
conclusions, this paper employs the following model to perform a par-
allel trend test: 

HQEDit = α0 +
∑2

n=−7
αn
(

It−setyeari=n
i,t × DIDit

)
+
∑

βjXit + γi + μt + εit

(14) 
In Eq. (14), the value of It−setyeari=n

i,t is determined as follows: it takes a 
value of 1 when t− setyeari = n, and 0 otherwise. Here, t represents the 
year, and setyeari indicates the year in which city i became a pilot city 
for the national digital economy innovation and development pilot zone. 

The other variables are consistent with those in Eq. (1).
The parallel trend test results, presented in Fig. 2, show that prior to 

the implementation of the national digital economy innovation and 
development pilot zone, the experimental and control groups exhibited 
no statistically significant difference in the level of high-quality eco-
nomic development. However, after the policy was introduced, the pilot 
zone exerted a significant positive effect on high-quality economic 
development. These findings suggest that the parallel trends assumption 
was largely satisfied between the two groups before the policy inter-
vention. Therefore, the application of the DID model in this study is 
methodologically justified.

Placebo test

The comparability between the control group and the treatment 
group constitutes a fundamental prerequisite for applying the DID 
method to evaluate the impact of the national digital economy innova-
tion and development pilot zone on high-quality economic develop-
ment. Specifically, in the absence of the policy intervention, the 
difference in high-quality economic development levels between the 
experimental and control groups should remain stable over time. To test 
this assumption, this study adopted the methodologies of Yang et al. 
(2020) and Li et al. (2016) and performed 1,000 random samplings 
within the research sample. In each iteration, a randomly selected subset 
of pilot cities was assigned to a virtual treatment group, with the 
remaining cities constituting the control group. The modified policy 
variables were then reintroduced into the baseline regression model. 
Regression results from these placebo samples were systematically 
compared to assess the robustness of the policy effects. As shown in 
Fig. 3, the absolute values of the t-statistics for most estimates are less 
than 2, with associated p-values exceeding 0.1. This suggests that the 
estimated policy effect is unlikely to be driven by random chance or 
omitted variable bias, and the placebo test is therefore passed.

Robustness test based on PSM-DID method

Another essential prerequisite for applying the DID method is the 
random assignment of treatment and control groups. Although, in 
principle, the selection of the national digital economy innovation and 
development pilot zone is unlikely to be influenced by the level of local 
high-quality economic development, it remains necessary to conduct 
empirical robustness checks. Therefore, drawing on established litera-
ture, this study incorporates mechanism variables and control variables 
as covariates and employs one-to-one nearest neighbor propensity score 
matching (PSM) to match samples between the treatment and control 
groups, thereby reducing selection bias (Li et al., 2022; Zhang et al., 

Fig. 2. Parallel trend test.
Note: The small dots in the graph represent point estimates, and the upper and 
lower bounds of the vertical lines represent the 95 % confidence interval. Fig. 3. Kernel density distribution.
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2022). The validity of the propensity score matching approach hinges on 
the balancing assumption, which requires that the distributions of 
observed covariates be similar between the treatment and control 
groups after matching. To verify whether this condition is satisfied, the 
study examines the balance of covariates post-matching. As presented in 
Table 4, after matching, there are no statistically significant differences 
in the means of covariates between the treatment and control groups. 
Moreover, as visually displayed in Fig. 4, although considerable covar-
iate bias exists between the two groups before matching, the standard-
ized differences are closely aligned near zero after matching. These 
results indicate that the propensity score matching procedure has 
effectively eliminated systematic differences between the groups, thus 
ensuring a high degree of comparability across the matched sample.

The regression results in Table 5 demonstrate that the coefficient of 
the core explanatory variable, the national digital economy innovation 
and development pilot zone, remains substantively unchanged 
compared to the baseline regression results after propensity score 
matching. This indicates that the findings of this study are highly robust.

Excluding the impacts of other policies

To obtain more robust empirical findings, this study further ad-
dresses potential confounding effects from other public policies. Given 
that the implementation periods of the national big data comprehensive 
pilot zone (NBD), smart city construction (SMC), and national innova-
tive city pilot policy (NIC) overlap with that of the national digital 
economy innovation and development pilot zone, these initiatives may 
influence the outcomes of this study. To mitigate such concerns, this 
paper follows established empirical practices by incorporating dummy 
variables representing each of these policies as additional controls and 
reestimates the baseline model (Wang & Wang, 2023; Wang et al., 
2022). The robustness check results, presented in Table 6, show that the 
signs and statistical significance of the core explanatory variable, as well 
as those of the control variables, remain consistent with the baseline 
estimates. This provides further evidence supporting the robustness of 
the main empirical findings.

Heterogeneity analysis

Indeed, China’s vast geographical expanse and complex social at-
tributes account for significant differences across cities in terms of nat-
ural geography, economic development, and resource endowments (Ma 
& Lin, 2023). Therefore, studying the varying effects of the national 
digital economy innovation and development pilot zone on high-quality 
economic development has become a central focus for understanding 
this heterogeneity. Furthermore, this paper primarily analyzes this 

heterogeneity from the perspectives of city attributes and city size. First, 
cities are categorized into non-resource-based cities and resource-based 
cities based on the classification criteria in the "National Resource-Based 
City Sustainable Development Plan" (2013-2020) (Tang & Zhang, 2024; 
Zhang et al., 2023c). Secondly, following a 2014 notice issued by the 
State Council regarding the adjustment of city sizes, and referencing 
existing research, the sample cities are classified into small and 
medium-sized cities and large cities (Wang et al., 2023; Wu et al., 2022). 
Moreover, since the effectiveness of digital policy implementation does 
not solely depend on the policy itself but also on local government ca-
pacity and the institutional environment, this paper further categorizes 
cities into those with a high degree of marketization and those with a 
low degree of marketization based on their level of marketization.

As shown in columns (1) and (2) of Table 7, the national digital 
economy innovation and development pilot zone yielded a positive and 
significant impact on the high-quality economic development of non- 
resource-based cities, but not on resource-based cities. One possible 

Table 4 
Results of the common support hypothesis test.

Variables Sample Mean t P
Treatment Control

GTI Unmatched 1.7995 0.6807 6.85 0.000
Matched 1.7995 1.8303 -0.07 0.948

IA Unmatched 4.0348 2.0665 4.66 0.000
Matched 4.0348 3.5840 0.43 0.664

CM Unmatched 18.971 12.9040 3.34 0.001
Matched 18.971 16.2620 1.00 0.319

LM Unmatched 0.4051 0.3605 1.42 0.157
Matched 0.4051 0.3998 0.10 0.924

SU Unmatched 9.0694 9.3393 -3.64 0.000
Matched 9.0694 9.1003 -0.31 0.754

HC Unmatched 4.6118 4.6716 -0.61 0.544
Matched 4.6118 4.5963 0.11 0.914

PS Unmatched 6.0772 5.8823 2.99 0.003
Matched 6.0772 6.0467 0.37 0.714

UF Unmatched 7.4491 7.0528 4.46 0.000
Matched 7.4491 7.4849 -0.28 0.780

Fig. 4. Standardized deviation diagram of each variable.

Table 5 
PSM-DID regression results.

Variables (1) (2)
DID 0.182***

(2.72)
0.229***
(3.71)

Control variables No Yes
City FE Yes Yes
Year FE Yes Yes
Observations 176 176
R-squared 0.9966 0.9975

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

Table 6 
Estimation results excluding the effect of other policies.

Variables (1) (2) (3) (4)
DID 0.037**

(2.12)
0.038**
(2.17)

0.036**
(2.08)

0.038**
(2.14)

NBD Yes No No Yes
SMC No Yes No Yes
NIC No No Yes Yes
Control variables Yes Yes Yes Yes
City FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 3336 3336 3336 3336
R-squared 0.9891 0.9891 0.9891 0.9891

Note: *p < 0.1,
** p < 0.05, ***p < 0.01.
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explanation for this disparity is that resource-based cities are heavily 
reliant on resource-intensive industries, making industrial restructuring 
more challenging. These cities may also experience path dependency, 
lock-in effects (Lyu et al., 2024; Qin et al., 2023), and competition for 
resources, talent, and funding in emerging industries, which exacerbates 
the resource curse (Abraham, 2021; Che & Wang, 2022). Besides, 
traditional resource-based industries may not seamlessly integrate with 
digital technologies, and their level of association with and dependence 
on these technologies may be limited, thereby diminishing the promo-
tional effect of the pilot zone.

As shown in columns (3) and (4) of Table 7, the pilot zone yielded a 
positive and statistically significant impact on the high-quality eco-
nomic development of large cities at the 5 % significance level, while its 
effect on small and medium-sized cities was not statistically significant. 
On the one hand, large cities benefit from economic agglomeration ef-
fects and talent concentration (Henderson & Abdel-Rahman, 1997), 
which enhance high-quality economic development through optimized 
resource allocation (Frick & Rodriguez-Pose, 2018). On the other hand, 
the national digital economy innovation and development pilot zone can 
mitigate congestion effects in large cities during economic development, 
thereby laying a solid foundation for high-quality urban economic 
growth (Guo et al., 2023).

As indicated in columns (5) and (6) of Table 7, the national digital 
economy innovation and development pilot zone exerts a positive 
impact on the high-quality economic development of cities with a high 
degree of marketization at the 5 % significance level, whereas its impact 
on cities with a low degree of marketization is not significant. Pilot zones 
with a high degree of marketization are better able to balance the roles 
of the government and the market. In the implementation of digital 
policies, the government can better play its guiding and service-oriented 
roles, creating a sound policy environment and institutional guarantees 
for market entities, while giving full play to the decisive role of the 
market to stimulate market vitality and creativity. For instance, the 
government can formulate reasonable policies and regulations to stan-
dardize the order of the digital economy market and promote the 
market-oriented reform of data elements, while the market guides 
resource allocation through competitive mechanisms and price mecha-
nisms. The two work in conjunction to jointly drive the high-quality 
economic development of the pilot zone.

In summary, the national digital economy innovation and develop-
ment pilot zone can significantly promote the high-quality economic 
development of non-resource-based cities, large cities, and cities with a 
relatively high degree of marketization. However, their promotional 
effect on resource-based cities, small and medium-sized cities, and cities 
with a relatively low degree of marketization is not evident. Non- 
resource-based cities, with their service-oriented economic founda-
tions, exhibit greater inherent demand for digital transformation, 
creating a synergistic relationship with the policy objectives of the pilot 
zone. Unencumbered by dependence on mineral or energy extraction, 
these cities more readily overcome path dependency, enabling strategic 
allocation of policy resources towards digital R&D and talent 

cultivation. In contrast, resource-intensive cities frequently experience a 
siphoning effect within their extractive industries, disproportionately 
channeling capital and human resources into low-digitalization sectors. 
This structural tendency substantially diminishes the policy efficacy of 
the pilot zones in such localities.

Large cities have achieved economies of scale due to prior in-
vestments in 5G infrastructure, data centers, and intelligent trans-
portation systems (Guo et al., 2023). This enables the national digital 
economy innovation and development pilot zone policies to be seam-
lessly integrated with existing facilities, facilitating a rapid realization of 
policy dividends. In contrast, smaller cities face structural constraints: 
lower population density and smaller economic scale result in higher 
per-unit costs for deploying 5G base stations and cloud computing fa-
cilities, coupled with limited application scenarios. Moreover, current 
pilot zone policies predominantly replicate templates designed for large 
cities, failing to account for the fundamental disparities in industrial 
foundations across city tiers.

The core of the national digital economy innovation and develop-
ment pilot zone policy lies in advancing high-quality development by 
optimizing the development environment for the digital economy and 
unleashing the potential of digital technologies. Cities with a high de-
gree of marketization are highly compatible with the development needs 
of the digital economy in terms of factor allocation, vitality of market 
entities, institutional environment, and infrastructure, enabling them to 
more fully undertake and transform policy dividends. In contrast, cities 
with a low degree of marketization struggle to give full play to the 
driving role of the policy due to issues such as impeded factor mobility, 
insufficient motivation of market entities, and an underdeveloped 
institutional environment. Therefore, enhancing marketization and 
optimizing the institutional environment are crucial to ensuring that the 
digital economy pilot zone policy delivers tangible results in more cities.

Nonlinear analysis

The baseline econometric model used in this study primarily char-
acterizes the average effect of the national digital economy innovation 
and development pilot zone on high-quality economic development, yet 
it does not account for potential behavior in the extreme regions of the 
distribution. In practice, the influence of the pilot zone may exhibit 
heterogeneous or non-linear characteristics across different levels of 
economic development. To more accurately capture these potential 
asymmetric effects and better represent the tail properties of the dis-
tribution, this study adopts a quantile regression approach. Specifically, 
we estimate a series of conditional quantile functions to evaluate the 
impact of the pilot zone at the 0.1, 0.25, 0.5, 0.75, and 0.9 quantiles.

As indicated by the regression results in Table 8, the quantile 
regression coefficient of the national digital economy innovation and 
development pilot zone changes from negative to positive as the quan-
tile level increases, with its absolute value rising consistently. This 
pattern suggests that the marginal effect of the Pilot Zone evolves 
dynamically across the distribution of high-quality economic 

Table 7 
Heterogeneity analysis results.

City resource endowment City size Degree of marketization
Variables Non-resource Resource Small and medium Large High Low

(1) (2) (3) (4) (5) (6)
DID 0.067**

(2.50)
-0.005 
(-0.74)

0.007 
(0.62)

0.133**
(1.96)

0.059**
(2.02)

0.008 
(0.48)

Control variables Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Observations 2217 1119 2710 626 1565 1771
R-squared 0.9874 0.9604 0.9817 0.9877 0.9892 0.9777

Note: *p < 0.1,
** p < 0.05, ***p < 0.01.
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development, demonstrating a strengthening influence at higher quan-
tiles. Specifically, the policy effect is more substantial in regions with 
more advanced economic development, while remaining limited in 
those at lower developmental stages. This heterogeneity may be 
attributed to two main factors. First, cities with weaker economic 
foundations often experience capability traps, becoming entrenched in 
traditional and inefficient development models that create strong path 
dependence. Although digital policies offer new opportunities, these 
cities frequently struggle to escape outdated paradigms due to structural 
capability deficits, such as shortages of digital talent and outdated 
management practices. In contrast, cities with stronger economic 
foundations have developed dynamic capabilities that enable them to 
adapt quickly to digital policy incentives. Second, cities at more 
advanced stages of high-quality economic development tend to possess 
greater absorptive capacity. Their well established industry university 
research networks and efficient information channels facilitate rapid 
knowledge dissemination. As a result, digital policies can permeate local 
enterprises more effectively through these networks, generating signif-
icant scale effects. Such structural advantages allow these cities to 
capitalize more fully on digital transformation opportunities compared 
to their less developed counterparts.

Spatial spillover effect test

The preceding analysis has demonstrated that the national digital 
economy innovation and development pilot zone significantly promotes 
high-quality economic development. However, the DID model implicitly 
assumes no spatial correlation between entities, which can lead to 
biased estimation results. To address this issue, this study further ex-
amines the impact of the national digital economy innovation and 
development pilot zone on both local and neighboring high-quality 
economic development using the SDMDID model. To confirm the suit-
ability of the SDMDID model, a spatial econometric model simplification 
test was conducted following the methodology proposed by Elhorst 
(2014). As shown in Table 9, both the Wald test and the likelihood ratio 
(LR) test rejected the null hypothesis, confirming the appropriateness of 
the SDMDID model. Based on the Hausman test results, a fixed-effects 
model with both time and spatial fixed effects was used for estima-
tion. Besides, given that the ordinary least squares (OLS) estimation can 
introduce bias in spatial autoregressive models due to potential endo-
geneity, this study utilizes maximum likelihood estimation for the 
SDMDID model.

Table 10 presents the regression results for models (1) and (2), which 
use geographical distance and economic distance spatial weight 
matrices, respectively. Both sets of regression results indicate a positive 

coefficient for DID, consistent with the baseline regression results. 
However, the estimated coefficient for ∑W DID is negative, indicating 
that while the national digital economy innovation and development 
pilot zone contributes to high-quality economic development locally, it 
inhibits improvement in the surrounding areas. Besides, the significantly 
positive regression coefficients for Spatial rho confirm the presence of 
spatial correlation in high-quality economic development (Song et al., 
2022).

Since the coefficients of the SDMDID model cannot directly reflect 
the spatial spillover effects, a reliance on them for spatial effect analysis 
may lead to inaccurate conclusions. Therefore, following established 
literature, this study uses a partial differentiation method to decompose 
the spatial spillover effects into direct and indirect effects (Lesage & 
Pace, 2009). The decomposition results, as shown in Table 10, reveal 
that the coefficients for the direct effects are all significantly positive, 
while the coefficients for the indirect effects are significantly negative. 
This suggests that the national digital economy innovation and devel-
opment pilot zone generates a siphon effect on neighboring areas, 
inhibiting their high-quality economic development. The primary 
reason for this effect may be that the implementation of the pilot zone 
creates a policy vacuum, promoting resource agglomeration and inten-
sifying resource competition, thereby constraining the high-quality 
economic development of surrounding regions.

From a specific perspective, the siphoning effect within pilot zones 
fundamentally represents factor agglomeration dynamics within the 
digital economy. While digital technologies (e.g., 5G, big data, cloud 
computing) have weakened traditional geographical constraints on 
economic activity, they have simultaneously accelerated the unidirec-
tional flow of high-end production factors towards these zones, creating 
a magnetic field-like agglomeration effect. This process aligns closely 
with increasing returns to scale and knowledge spillover mechanisms in 
agglomeration economics, yet it exhibits distinct digital-era character-
istics. Conversely, this siphoning effect facilitates the accumulation of 
digital capital, establishing centers of digital innovation. For instance, 
the pilot zones in Beijing and Shanghai, leveraging their concentrations 
of universities and research institutions, now host over 70 % of China’s 
artificial intelligence enterprises. Their technological innovation ca-
pacity and application scenario diversity far surpass other regions. The 
relationship between the pilot zones’ siphoning effect, agglomeration 
economies, and the digital divide essentially reflects the dialectic be-
tween efficiency and equity in digital economic development. Theoret-
ically, agglomeration economies enhance overall efficiency through 
scale effects, yet the siphoning effect may exacerbate inequality. While 

Table 8 
Quantile regression results.

(1) (2) (3) (4) (5)
Variables Q10 Q25 Q50 Q75 Q90
DID -0.110 

(-0.13)
-0.094 
(-0.08)

0.052 
(0.06)

0.021 
(0.05)

0.159 
(0.56)

Control variables Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes

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

Table 9 
SDMDID model suitability test.

Test type Statistical value P value
Wald_ spatial_ lag 57.80 0.0000
LR_ spatial_ lag 57.12 0.0000
Wald_ spatial_ error 33.97 0.0000
LR_ spatial_ error 49.19 0.0000
Hausman Test 431.94 0.0000

Table 10 
SDMDID regression results.

Variables (1) (2)
DID 1.719***

(3.52)
0.148*
(1.92)∑

WDID -0.259*
(-1.88)

-0.558**
(-2.50)

Spatial-rho 0.694***
(8.41)

0.427***
(12.94)

sigma2_e 0.820***
(39.40)

0.779***
(38.96)

Direct effect 4.520***
(2.69)

0.120 
(1.43)

Indirect effect -0.238*
(-1.78)

-0.745**
(2.12)

Control variables Yes Yes
City FE Yes Yes
Year FE Yes Yes
R-squared 0.3534 0.3560
Observations 3120 3120

Note:
* p < 0.1,
** p < 0.05,
*** p < 0.01.
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digital technologies’ non-rivalrous nature should theoretically promote 
inclusive growth, the uneven distribution of factors, in practice, has 
paradoxically widened developmental disparities.

To further analyze from the perspectives of unintended competitive 
spillover effects and strategic agglomeration-driven externalities: Un-
intended competitive spillover effects refer to the passive negative im-
pacts on surrounding areas resulting from factor competition as a 
national digital economy innovation and development pilot zone pro-
motes local resource agglomeration. Such effects are not the intended 
outcome of policy design but rather an objective outcome of resource 
competition under market mechanisms. For instance, the pilot zone’s 
attraction of high-end digital talents can increase labor costs in related 
industries within surrounding cities. In contrast, strategic 
agglomeration-driven externalities stem from the institutional design of 
the pilot zone as a policy pilot. Through targeted policy support, these 
externalities proactively guide factors to concentrate in the pilot zone, 
creating a “policy depression” effect. This type of externality is a product 
of the active role of policy instruments, serving the strategic layout of 
regional digital economies. For example, the pilot zone attracts the 
convergence of data resources from surrounding enterprises through the 
establishment of data exchanges, thereby forming a strategic agglom-
eration of data factors.

In the short term, negative effects are likely to continue intensifying. 
Due to time lags in the construction of digital infrastructure, talent 
cultivation, and other such areas, surrounding regions struggle to 
develop the capacity to compete with the pilot zone in the short run, and 
the trend of unidirectional factor flows will be exacerbated by path 
dependence. Long-term effects may gradually ease or diverge. If sur-
rounding regions achieve adjustments through industrial synergy and 
differentiated development, factor flows may shift from unidirectional 
siphoning to bidirectional complementarity. Through the above dis-
tinctions, we further clarify that the siphoning effect identified in this 
study is essentially a superposition of two mechanisms: in the short term, 
it is dominated by unintended competitive spillovers; in the long term, it 
encompasses strategic agglomeration-driven externalities.

Mechanism analysis

To date, robust evidence indicates that the national digital economy 
innovation and development pilot zone significantly promotes high- 
quality economic development. This study now explores the mecha-
nisms through which the pilot zone influences high-quality economic 
development. As shown in column (1) of Table 11, the establishment of a 
national digital economy pilot zone exerts a significant positive impact 
on green technology innovation. The establishment of the national 
digital economy innovation and development pilot zone serves as the 
key driver, having significantly reduced costs related to spatiotemporal 
information transmission, data sharing, and information acquisition. 
This measure has effectively eliminated spatio-temporal constraints on 
knowledge dissemination, reduced the costs associated with green 
innovation elements, and ultimately enhanced urban innovation 

capacity (Tian & Lu, 2023), thereby validating Hypothesis 2. The second 
column demonstrates that the national digital economy innovation and 
development pilot zone significantly promotes industrial agglomeration. 
On the one hand, the establishment of the pilot zone provides a more 
robust digital environment for industrial economic entities, laying a 
solid foundation for industrial agglomeration. On the other hand, the 
pilot zone has transformed the production and operational models of 
industries, driving the formation of macro-level industrial agglomera-
tion patterns, which further enhance high-quality economic develop-
ment, thereby validating Hypothesis 3.

The third and fourth columns present the regression results for the 
capital misallocation index and labor misallocation index, respectively. 
These results indicate that the national digital economy innovation and 
development pilot zone significantly alleviates capital misallocation but 
does not effectively mitigate labor misallocation. The primary reason for 
this disparity may lie in the varying rates at which the pilot zone per-
meates different factors. Currently, digital technology’s influence on 
capital factors has matured, and capital factors are characterized by low 
mobility costs and high liquidity. As a result, the national digital econ-
omy innovation and development pilot zone can effectively enhance 
capital returns, reduce misallocation levels, and positively contribute to 
high-quality economic development. In contrast, the national digital 
economy innovation and development pilot zone has failed to play its 
expected role in alleviating labour market mismatch. The primary rea-
sons are twofold: Firstly, institutional constraints such as employment 
regulations, the household registration system, and lagging reforms in 
social security systems continue to hinder labour mobility. These 
structural barriers to inter-regional labour flows cannot be effectively 
resolved in the short term (Guo, 2024). Secondly, the national digital 
economy innovation and development pilot zone may have exacerbated 
labour mismatch through the technology siphon effect, potentially 
drawing skilled workers away from other regions.

In summary, the national digital economy innovation and develop-
ment pilot zone can foster high-quality economic development through 
green technology innovation and industrial agglomeration. When 
examining the pathway of resource allocation efficiency, it is evident 
that the pilot zone enhances high-quality economic development by 
reducing capital misallocation levels.

Further analysis

First, imbalanced and inadequate economic development remains a 
fundamental challenge in China. The national digital economy innova-
tion and development pilot zone represents a significant strategic op-
portunity to optimize the spatial allocation of resources and enhance 
regional economic coordination. As established in previous analysis, the 
pilot zone has already demonstrated initial effectiveness in promoting 
high-quality economic development. This leads to two critical questions: 
Does high-quality economic development exhibit convergence? More-
over, can the pilot zone serve as an accelerator for regional economic 
convergence? Addressing these questions will help elucidate the pilot 
zone’s pivotal role in fostering regionally coordinated development and 
provide practical insights for its further advancement. To investigate 
these issues, this study employs a convergence model for empirical 
analysis. Specifically, this section first examines the convergence char-
acteristics of high-quality economic development in China during the 
sample period using a β-convergence model. It then empirically evalu-
ates the impact of the pilot zone policy on the convergence rate of high- 
quality economic development across regions, with the aim of revealing 
the deeper mechanisms through which the policy promotes regional 
coordination.

To analyze the regional convergence of high-quality economy, ab-
solute β-convergence and conditional β-convergence models are con-
structed as follows: 

Table 11 
Mechanism test.

GTI IA CM LM
Variables (1) (2) (3) (4)
DID 0.449***

(4.40)
0.153***
(3.12)

-3.179*
(-1.78)

0.093***
(2.80)

Control variables Yes Yes Yes Yes
City FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 3336 3336 3336 3336
R-squared 0.7727 0.9920 0.4321 0.3439

Note:
* p < 0.1, **p < 0.05,
*** p < 0.01.
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Herein, T denotes the time span of the period under examination, and 
β is the convergence coefficient. In Eq.s (15) and (16), if β<0, it 
respectively indicates the existence of absolute β-convergence and 
conditional β-convergence. Based on this, a conditional β-convergence 
test model is constructed to examine the impact of the national digital 
economy innovation and development pilot zone on high-quality eco-
nomic development: 

ln
(HQEDi,t+1

HQEDit

)
= α + βlnHQEDit + δDIDit +

∑
βjXit + γi + μt + εit

(17) 
If β<0, it indicates the presence of conditional β-convergence, 

implying a trend towards a stable state in high-quality economic 
development. If, after incorporating DID, β<0 and its absolute value is 
greater than that in Eq. (16), it suggests that the national digital econ-
omy innovation and development pilot zone contributes to accelerating 
regional convergence in high-quality economic development.

Table 12 reports the regression results for both absolute and condi-
tional β-convergence. Column (1) shows a negative and statistically 
significant coefficient for absolute β-convergence, indicating the pres-
ence of significant convergence in high-quality economic development. 
Column (2) demonstrates that, in the absence of the national digital 
economy innovation and development pilot zone, the convergence co-
efficient is -0.225 and significant at the 1 % level, confirming condi-
tional β-convergence. The results in Column (3) further reveal that the 
conditional β coefficient remains at -0.225 and statistically significant 
even after incorporating the pilot zone policy, suggesting that the con-
ditional convergence pattern persists. However, the fact that the 
magnitude of the coefficient remains unchanged implies that although 
the pilot zone enhances the level of high-quality economic development, 
it does not accelerate its convergence.

Conclusions and policy implications

Conclusions

Promoting high-quality economic development constitutes a core 
challenge in global economic advancement. As the world’s largest 
developing economy, China has transitioned from rapid growth toward 
quality-focused development. Within this context, data elements emerge 
as critical enablers of high-quality economic development. The national 
digital economy innovation and development pilot zone provides a 
strategic policy framework for examining data-driven development 
impacts. This study consequently explores theoretical mechanisms 

through which the pilot zone facilitates high-quality economic devel-
opment achievement, while empirically examining digital policy effects 
by treating the zone’s establishment as a quasi-natural experiment. 
Using a DID methodology, we test how data-centric policies influence 
development quality. Collectively, this research advances theoretical 
understanding of digital policy efficacy in fostering high-quality eco-
nomic development, offering both conceptual foundations and action-
able policy insights.

The present study yields the following conclusions: (1) The national 
digital economy innovation and development pilot zone significantly 
promotes high-quality economic development. This finding remains 
robust even after rigorous validation through placebo tests and pro-
pensity score matching combined with DID methods. One of the core 
objectives of the national digital economy innovation and development 
pilot zone is to integrate cutting-edge technologies such as the Internet 
of Things, artificial intelligence, and big data into the real economy. This 
integration not only drives the digital transformation of traditional in-
dustries but also promotes industrial development in the digital domain 
(Lin et al., 2025), ultimately enhancing the level of high-quality eco-
nomic development. (2) Heterogeneity analysis indicates that the pilot 
zone can significantly promote the high-quality economic development 
of non-resource-based cities, large cities, and cities with a relatively high 
degree of marketization. However, their promotional effect on 
resource-based cities, small and medium-sized cities, and cities with a 
relatively low degree of marketization is not significant. (3) Non-linear 
regression results suggest that the pilot zone’s promotional effect is more 
pronounced in regions with higher initial levels of high-quality eco-
nomic development, while its impact on regions with lower levels re-
mains limited. (4) Spatial econometric tests reveal that while the pilot 
zone benefits local high-quality economic development, it generates a 
slight inhibitory effect on the high-quality economic development of 
surrounding areas. Digital factors inherently possess the attribute of 
mobility, characterized by cross-temporal and spatial reach, rapid 
diffusion, extremely low costs of replication and transfer, as well as 
minimal constraints. Consequently, they exhibit spatial spillover effects 
(Deng et al., 2024). (5) Mechanism analysis demonstrates that the pilot 
zone fosters high-quality economic development through green tech-
nology innovation and industrial agglomeration. The pilot policy 
explicitly requires that all pilot regions leverage core digital technolo-
gies as a breakthrough point to vigorously promote the development of 
the innovative digital economy. Existing empirical studies also indicate 
that a sound ecological environment can enhance both the quantity and 
quality of green technological innovation (Song et al., 2024). Within the 
national digital economy innovation and development pilot zone, policy 
guidance encourages close collaboration between various economic 
entities and innovation factors, while fostering a high-quality invest-
ment environment to attract the agglomeration of emerging industries 
(Meng et al., 2022). These conditions can consolidate new economic 
growth poles in a relatively short period, thereby increasing urban 
economic density and creating broader market opportunities. From the 
perspective of resource allocation efficiency, the pilot zone enhances 
high-quality economic development by reducing capital misallocation. 
(6) Further analysis shows that regional convergence in high-quality 
economic development objectively exists. Although the pilot zone con-
tributes to elevating the level of high-quality economic development, it 
does not positively promote its convergence.

In summary, as a national policy, the national digital economy 
innovation and development pilot zone policy not only encompasses 
digital economic activities but also stimulates the vitality of regional 
digital technology innovation. Taking it as the research object is 
conducive to a more comprehensive understanding of the impacts of 
digital economy policies and related policy measures.

Policy implications

Based on the research findings presented above, this study puts 

Table 12 
β convergence test results.

Variables (1) (2) (3)
Absolute β -0.112***

(-39.22)
​ ​

Conditional β ​ -0.225***
(-18.63)

-0.225***
(-18.63)

DID ​ No Yes
Control variables No Yes Yes
City FE Yes Yes Yes
Year FE Yes Yes Yes
R-squared 0.8230 0.2799 0.2799
Observations 2860 2860 2860

Note: *p < 0.1, **p < 0.05,
*** p < 0.01.
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forward specific policy recommendations to enhance the operational 
mechanisms of the national digital economy innovation and develop-
ment pilot zone and to advance high-quality economic development. 
First, it is essential to systematically summarize the development 
experience and effective practices within the pilot zones to facilitate 
their broader replication and application, thereby contributing to the 
strategic advancement of "Digital China." On one hand, the initiative 
should be integrated with other digital development policies to form a 
coordinated policy mix that synergistically promotes high-quality eco-
nomic development. To achieve this, policymakers must leverage the 
synergistic effects of various policy instruments and ensure that policy 
dividends are fully realized. On the other hand, in light of the initial 
achievements of the pilot zones, consideration should be given to 
authorizing a second batch of pilot zones in a phased and evidence-based 
manner. Expansion should proceed gradually, beginning in selected 
regions and progressively extending the coverage of the national digital 
economy innovation and development pilot zone.

Secondly, a phased and context-sensitive implementation of the na-
tional digital economy innovation and development pilot zone should be 
advocated, with an emphasis on adaptability to local conditions and 
opportunities. Local governments should formulate and implement 
digital policies tailored to their unique regional characteristics. Dynamic 
and differentiated policy approaches are essential to ensure optimal 
outcomes across diverse regions. For instance, in non-resource-based 
cities and major metropolitan areas, efforts should focus on acceler-
ating the deployment of large-scale data center clusters and promoting 
technology-driven industrial upgrading. It is advisable to prioritize the 
development of computing infrastructure hubs, establish cross-regional 
digital technology sharing platforms, and encourage enterprises to in-
crease investment in digital R&D through tax incentives. These mea-
sures can amplify their positive impact on high-quality economic 
development. In resource-based cities and small-to-medium-sized cities, 
priorities should include improving network coverage and broadband 
performance, as well as advancing the digital transformation of tradi-
tional industries. These regions should actively leverage opportunities 
presented by the national "East Data West Computing" project to narrow 
the digital infrastructure gap with more developed areas. Simulta-
neously, emphasis should be placed on synergizing digital trans-
formation with industrial transition. The establishment of a dedicated 
transformation fund is recommended to support the low-carbon 
upgrading of traditional industries. For cities with relatively low mar-
ketization levels, policy efforts should center on improving the institu-
tional environment and stimulating digital vitality. Specifically, reforms 
aimed at integrating digital markets should be advanced, with local 
governments encouraged to remove unreasonable market access bar-
riers for digital enterprises. A cross-regional cooperation mechanism for 
digital market regulation should also be established. Furthermore, 
evaluations of local governments’ digital governance capabilities should 
be introduced, incorporating metrics such as data openness and sharing, 
as well as the transparency of digital policies, into the assessment 
system.

Furthermore, this study underscores the critical need to maximize 
the spillover effects of the national digital economy innovation and 
development pilot zone. Policymakers should provide incentives and 
guidance to enhance collaboration and integration between the pilot 
zones and neighboring regions. Encouraging healthy competition 
among regions at similar developmental stages can generate mutually 
beneficial outcomes and facilitate coordinated progress. For instance, to 
achieve a regionally balanced distribution of digital infrastructure, the 
government ought to prioritize the deployment of high-speed broad-
band, 5G networks, and data centers in remote and less developed areas. 
This would prevent the overconcentration of digital resources in already 
advanced urban centers. Additionally, policy instruments such as tax 
benefits and housing subsidies could be implemented to attract digital 
talent toward non-core regions, thereby alleviating the talent siphon 
effect and promoting more equitable regional development.

Lastly, this study explores multidimensional pathways through 
which the national digital economy innovation and development pilot 
zone can promote high-quality economic development. On the one 
hand, it emphasizes the role of data elements in breaking down barriers 
and facilitating efficient resource flows, thereby mitigating the adverse 
effects of resource misallocation on high-quality economic develop-
ment. On the other hand, it highlights the importance of fostering 
interregional green innovation cooperation to enhance the efficiency of 
translating new green innovations into practical applications. Addi-
tionally, it advocates for strengthening collaboration among industries 
both within and across regions, dismantling administrative barriers 
imposed by local governments, reducing market fragmentation, and 
promoting industrial agglomeration. These efforts collectively aim to 
accelerate the achievement of high-quality economic development 
goals.

Limitations and future research

Although this study addresses several important questions, certain 
limitations remain that merit further investigation. First, the generaliz-
ability of our findings may be constrained beyond the Chinese context 
due to the unique institutional and socioeconomic characteristics of 
China. Second, our reliance on city-level secondary data may introduce 
measurement biases and limit the analytical granularity. Third, 
although we employ both DID and SDMDID methodologies, their val-
idity hinges on stringent assumptions. Future research could advance 
this field in several directions. One promising approach would be to 
develop an institutional-technological-spatial tripartite framework to 
systematically quantify the effects of digital policies across different 
governance regimes. Additionally, the synthetic control method could 
be adopted to construct more credible counterfactuals and alleviate the 
reliance on the parallel trends assumption in DID models. The SDMDID 
framework could also be enhanced by incorporating dynamic adjust-
ment mechanisms for spatial weight matrices to better capture real- 
world spatial interdependencies. Finally, further studies could focus 
on the heterogeneous impacts of the national digital economy innova-
tion and development pilot zone policy across sectors, such as 
manufacturing and services. Constructing an industry-level digital 
transformation index may help uncover the structural mechanisms 
behind differential policy effects. Comparative analyses across varying 
institutional environments could also provide valuable empirical in-
sights for global digital governance.
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