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Abstract

The digital economy has increasingly shaped regional development in China, and the Yangtze River Delta
(YRD) is often regarded as one of its most representative regions. This paper reviews recent studies on the
regional impacts of the digital economy in the YRD, with particular attention to productivity, industrial
upgrading, SME development, green transformation, and spatial interactions. Existing research generally
suggests that the expansion of the digital economy has contributed to higher innovation efficiency and the
upgrading of manufacturing industries, while also easing financing constraints for small and medium-sized
enterprises and encouraging green technological innovation. At the same time, the literature does not reach
full agreement on several issues. In particular, studies of spatial effects point to both positive spillover effects
and possible siphon effects that may further widen regional disparities. From a methodological perspective,
current studies mainly rely on spatial econometric approaches, two-way fixed effects models, threshold models,
and mediation analysis. Research on SME digital transformation, however, still tends to remain descriptive
and lacks more systematic empirical investigation. Future studies could pay greater attention to the
mechanisms behind siphon effects, make wider use of city- and county-level data, and further connect
empirical findings with broader theoretical discussions. More work is also needed on issues related to
transparency and governance in the digital economy. Overall, the paper aims to contribute to ongoing
discussions of digital economy development and regional integration in the Yangtze River Delta.
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1. Introduction

The digital economy is increasingly influencing patterns of regional development. In recent years, its
contribution to improving China’s productive efficiency has become more visible, reflecting not only the wider
application of digital technologies but also their deeper integration with the traditional economy [1]. The
Yangtze River Delta (YRD) region is widely regarded as a representative example of this process.
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Existing studies still show considerable disagreement regarding the spatial effects of the digital economy,
particularly in relation to positive spillover effects and siphon effects, as well as the methodologies used in
research on SME digital transformation. This paper reviews the impacts of the digital economy in the YRD
across five dimensions: productivity, industrial development, small and medium-sized enterprises, green
development, and spatial effects. It aims to summarize current debates and provide a basis for further research
on regional integration and digital development.

2. Background

The digital economy has increasingly become an important factor shaping regional development patterns.
In the Yangtze River Delta (YRD), it has contributed to industrial upgrading and economic growth, while also
bringing about a number of structural challenges that continue to attract academic attention.

From the perspective of regional development, the digital economy in the YRD has expanded rapidly in
recent years. Core cities such as Shanghai, Hangzhou, and Nanjing remain ahead in both digital
industrialization and industrial digitalization, while cities including Suzhou, Wuxi, and Ningbo occupy a
secondary tier, and a number of other cities still lag behind [2]. This uneven distribution suggests that the
digital economy in the YRD has not developed through balanced regional diffusion but instead reflects a
relatively clear “core-periphery” structure. Although existing studies generally argue that the digital economy
helps strengthen urban economic resilience and supports the high-quality development of manufacturing
industries [3-4], its spatial effects are not always entirely positive. Some studies point to positive spatial
spillover effects, whereas others emphasize possible “siphon effects” caused by the concentration of capital,
talent, and technological resources in core cities, which may further weaken the development position of
surrounding areas [5-7].

At the same time, considerable debate remains in the existing literature across several dimensions. For
instance, it is still unclear whether the digital economy narrows regional productivity gaps or instead widens
them. Questions also remain over whether its influence on industrial agglomeration follows a linear pattern or
an inverted U-shaped relationship. Research on the digital transformation of SMEs likewise remains
controversial: while some studies suggest that digitalization can ease financing constraints, related research is
still heavily descriptive in many cases. In the area of green development, scholars have also discussed whether
the digital economy simultaneously produces both a “green dividend” and a possible “green paradox.” These
disagreements suggest that no clear consensus has yet been reached regarding the regional effects of the digital
economy in the YRD. In addition, much of the existing research remains focused on single-dimensional
empirical analysis and lacks a more integrated theoretical framework.

Against this background, this paper reviews the impacts of the digital economy in the YRD from five
perspectives: regional productivity, industrial development, SMEs, green development, and spatial effects. It
further summarizes the main areas of agreement and disagreement in the literature, identifies current research
limitations, and discusses possible directions for future studies. The broader aim is to provide theoretical
support for further research on digital development and regional integration in the YRD.

3. Research Objectives

This paper reviews the existing literature on the regional impacts of the digital economy in the YRD. The
main objectives are as follows:

(1) to examine the main findings, areas of disagreement, and research methods in studies related to regional
productivity, industrial development, SMEs, green development, and spatial effects;

(2) to discuss several ongoing debates in the literature, including issues surrounding spatial spillovers and
siphon effects, regional productivity gaps, and the possible “green paradox,” while also identifying limitations
in current research methods;

(3) to outline possible directions for future research and explore the construction of a more integrated
analytical framework for studies of digital economy development and regional integration in the YRD.
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4. Literature Review

The impact of the digital economy on regional development can be understood through several major
strands of economic theory. Endogenous growth theory [8] highlights the role of technological progress and
knowledge accumulation in sustaining long-term economic growth, while the emergence of data as a
production factor in the digital economy can be seen as an extension of this framework. Technology diffusion
theory [9] explains how innovation spreads across regions and provides a useful basis for understanding
intercity knowledge spillovers in the YRD. New economic geography [10] draws attention to the spatial
processes of agglomeration and diffusion, which helps explain why the digital economy may produce both
positive spillover effects and siphon effects at the same time. Transaction cost theory [11-12] further suggests
that digitalization can reduce information asymmetry and lower the costs of cross-regional coordination, while
theories of network externalities [13] emphasize how platform expansion and user scale influence value
creation. Based on these perspectives, the following sections review the literature from four dimensions:
technological innovation, industrial upgrading, spatial spillovers, and regional coordination.

4.1 Technological Innovation: a Core Driver of the Digital Economy

Technological innovation is widely regarded as one of the main channels through which the digital
economy affects regional development. According to endogenous growth theory [8], sustained growth depends
on the interaction between R&D investment, human capital accumulation, and knowledge spillovers. Within
the YRD, the growing role of data as a production factor has reduced the costs of knowledge codification and
cross-regional transmission, which in turn has accelerated technological diffusion and innovation activities.
Existing empirical studies generally find that the digital economy improves innovation efficiency in high-tech
enterprises, with stronger effects observed among non-state-owned enterprises and firms located in eastern
China [14].

Human capital accumulation is often identified as an important transmission mechanism. Some studies
show that employment in computer services and software industries contributes more strongly to the
development of the digital economy than many other indicators, suggesting that talent concentration remains
an important source of regional advantage [2]. From the perspective of skill-biased technological change
(SBTC), the expansion of the digital economy also increases demand for high-skilled labor and strengthens
wage premiums for skilled workers, which may further encourage investment in education and professional
training. In addition, digital platforms help reduce coordination and transaction costs in collaborative R&D
activities [11-12], making it easier for enterprises, universities, and research institutions to participate in cross-
regional innovation networks. In theoretical terms, this process can also be understood as an expansion of the
range of knowledge spillovers within endogenous growth models.

4.2 Industrial Upgrading: From Technological Empowerment to High-quality
Manufacturing

Industrial upgrading can also be examined through the perspective of techno-economic paradigm shift
theory [15], which argues that each major technological revolution reshapes production systems and industrial
structures. As an important carrier of new general-purpose technologies, the digital economy has pushed
manufacturing in the YRD away from simple scale expansion and toward higher-quality development through
both human capital accumulation and the upgrading of physical capital.

At the regional level, manufacturing digital transformation in the YRD shows clear differences. Shanghai
maintains the strongest overall position, while Jiangsu and Zhejiang display comparative advantages in
different industrial sectors. Existing studies suggest that equipment-oriented digital investment remains
significantly higher than information-oriented investment. Jiangsu performs more strongly in equipment
digitization, whereas Zhejiang shows greater potential in information-based digital transformation [4]. From
the perspective of transaction cost theory [11-12], digital platforms reduce firms’ costs in information
searching, contracting, and supervision, enabling enterprises to concentrate more on core business activities
while outsourcing or platformizing non-core operations. This process further reshapes the division of labor
within industrial chains.

In terms of neoclassical growth theory, the idea of “capital deepening” can also be reflected in the
substitution and complementarity between digital capital and traditional capital, which contributes to
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improvements in total factor productivity. Some studies find that the digital economy promotes the
development of new quality productive forces in the YRD through technological innovation and employment
structure optimization [16]. At the same time, research on the relationship between the digital economy and
the tourism economy points to a generally positive trend in coupling and coordination, with Shanghai
remaining in a leading position. Internet penetration and tourism revenue are often identified as two major
constraining factors in this process [17]. Overall, these studies suggest that the industrial effects of the digital
economy differ considerably across sectors and regions within the YRD.

4.3 Spatial Spillovers: Capital Flows and Radiation Effects

Spatial effects are a key dimension in understanding how the digital economy influences regional
development in the YRD. From the perspective of new economic geography [10], the interaction between scale
economies, mobility of production factors, and (broadly defined) transportation costs tends to generate a core—
periphery spatial structure. In the context of the digital economy, these “costs” are no longer limited to physical
distance, but also include information frictions and differences in digital connectivity.

In the literature, the spatial impact of the digital economy is often discussed as the result of two competing
mechanisms. One is diffusion, or positive spillover, consistent with technology diffusion theory [9], through
which knowledge and innovation gradually spread from core cities to surrounding areas. The other is
agglomeration, often described as a siphon effect, which is reinforced by network externalities [13]. In this
case, core cities tend to attract a disproportionate share of digital resources, high-skilled labor, and
infrastructure advantages, forming self-reinforcing growth cycles.

Empirical findings in the YRD generally support the coexistence of these two mechanisms. On the one
hand, the digital economy is shown to enhance local manufacturing upgrading and generate measurable
positive spillovers to nearby regions [18]. On the other hand, there is also evidence that digital-related factors
continue to concentrate in core cities, strengthening their advantage and weakening the relative position of
surrounding areas, which is often interpreted as a siphon effect [5-7]. Some studies further note that, although
digital economy development is expanding, the overall spatial dependence within the YRD remains relatively
limited, and stable patterns of industrial agglomeration have not yet fully formed; in this sense, the radiation
capacity of core cities still requires improvement [2].

At amore critical level, it has also been pointed out that digital development in more advanced regions may
draw away resources from less developed areas, while intensified interregional competition can widen
disparities in growth efficiency [5]. Taken together, these findings suggest that the spatial effects of the digital
economy are not inherently equilibrating. Instead, their outcomes depend on differences in regional absorptive
capacity, the degree of policy coordination, and the level of supporting infrastructure.

4.4 Regional Coordinated Development: From Local Empowerment to High-quality
Integration

The economic basis of coordinated regional development is often discussed in terms of reducing transaction
costs across space. According to transaction cost theory [11-12], these costs can be broadly grouped into search,
negotiation, and enforcement. In the context of the digital economy, a range of digital tools and platforms helps
to ease each of these frictions. For example, online matching systems reduce information asymmetry between
regions, while digitalized contracting processes make it easier to standardize agreements. At the same time,
platform-based monitoring and digital regulatory systems lower the cost of supervision and enforcement in
cases of non-compliance.

When these costs decline to a certain level, market interactions tend to expand beyond traditional regional
boundaries, and production becomes more specialized. In such a setting, relationships between regions may
gradually shift from simple competition toward more complementary forms of interaction. Within the YRD,
coordination among Shanghai, Jiangsu, Zhejiang, and Anhui has increasingly been reflected in areas such as
digital governance cooperation, data sharing mechanisms, mutual recognition of professional qualifications,
and joint infrastructure planning. These arrangements, to some extent, help reduce institutional frictions and
improve cross-regional connectivity.
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Empirical research generally suggests that the digital economy strengthens urban economic resilience, with
factors such as talent development capacity and industrial agglomeration acting as important transmission
channels. However, the magnitude of these effects is not evenly distributed, and tends to be stronger in central
cities compared with peripheral areas [3]. From the perspective of new economic geography, regional
coordination can be understood as a gradual process of weakening a rigid core—periphery structure. By
improving the distribution of digital infrastructure and strengthening policy support in less developed areas,
peripheral regions may gain more opportunities for participation in growth processes, and the regional system
may slowly evolve toward a more networked and multi-center configuration.

At the same time, existing studies also note that the YRD still faces persistent challenges, including uneven
development and structural imbalances across regions. Addressing these issues will likely require continued
investment in digital infrastructure, more sustained innovation-driven strategies, and deeper cross-regional
policy coordination. Together, these efforts may support the formation of a more integrated and better-balanced
digital economy system in the region [2, 19].

5. Core Issues and Main Perspectives: the Impact of the Digital Economy on Regional
Development

This section brings together the five main dimensions used in this paper to discuss the regional impacts of
the digital economy in the Yangtze River Delta (YRD), based on a synthesis of existing literature. The overall
conclusion in the literature is that the digital economy has generally had a positive influence on regional
development in the YRD. However, these effects are not uniform across space or sectors. Instead, they tend to
vary across regions and are often influenced by threshold conditions, while also showing both beneficial and
potentially adverse consequences depending on context. Building on these observations, the discussion is
organized around five aspects: regional productivity, industrial development, small and medium-sized
enterprises (SMEs), green development, and spatial effects.

5.1 Regional Productivity: Coexistence of Gains and Gaps

A large number of studies suggest that the digital economy has improved innovation efficiency and total
factor productivity in the Yangtze River Delta (YRD), especially in high-tech sectors and in firms located in
the eastern part of the region [14, 16]. At the same time, this improvement does not appear to be evenly
distributed across cities and industries.

Some empirical findings show that technological progress is the main source of productivity growth, while
scale efficiency and pure technical efficiency may not always contribute positively, and in some cases even
appear to constrain overall efficiency improvement [20]. This suggests that the digital economy in the YRD is
still, to some extent, characterized by relatively extensive growth patterns rather than fully efficient upgrading.
In addition, the impact of the digital economy on productivity tends to be stronger in already developed cities,
which implies a widening gap between high-productivity and low-productivity regions, often described in the
literature as a kind of “Matthew effect” [5].

Overall, the literature points to a situation where the expected “digital dividend” is accompanied by a
persistent “digital divide.” In less developed areas, limitations in talent concentration, financial support, and
fixed asset investment mean that these regions are less able to benefit from digital development. In some cases,
they may even experience outflows of key production factors, which further weakens their relative position.
For this reason, the impact of the digital economy on productivity should not be interpreted only in terms of
aggregate growth. It may be more meaningful to distinguish between overall productivity improvement and
the distribution of productivity gains, since reducing regional disparities is likely to require more targeted
policy intervention.

5.2 Industrial Development: Coexistence of Empowerment and Crowding-out Effects

The role of the digital economy in promoting high-quality manufacturing development in the Yangtze River
Delta (YRD) has been widely confirmed in existing studies, which also find evidence of positive spatial
spillovers [18]. At the same time, the relationship does not appear to be simply linear. Some research suggests
an inverted U-shaped pattern, where the digital economy first promotes and then, beyond a certain point, may
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begin to constrain industrial upgrading [21-22]. This turning point is often linked to differences in digital
technology maturity and the level of industrial agglomeration. In the early stages, digitalization helps reduce
information frictions and coordination costs, thereby supporting the clustering of manufacturing activities.
However, when digital development reaches a more advanced stage, issues such as excessive competition,
resource congestion, and local saturation may emerge, and these can weaken the benefits of further
agglomeration, even producing crowding-out effects.

There is also clear heterogeneity across regions and industries. For example, Jiangsu tends to have stronger
performance in equipment-oriented digital investment, while Zhejiang shows relatively greater potential in
information-based digital investment [4]. This difference suggests that industrial upgrading paths are not
uniform across the YRD. The effects of the digital economy therefore depend not only on the level of digital
development, but also on how well digital investment structures align with existing industrial foundations.

From this perspective, industrial policy cannot rely on a single standardized model. Shanghai is often
expected to play a leading and coordinating role, while Jiangsu and Zhejiang may need to pursue more
differentiated development strategies based on their own comparative advantages. Such differentiation may
help reduce redundant investment and improve the overall efficiency of regional industrial upgrading.

5.3 Small and Medium-sized Enterprises: Reduced Financing Costs but Unclear
Mechanisms

At the consensus level, many studies agree that the digital economy can ease financing constraints for SMEs
by improving information transparency, and this effect is generally found to be stronger in technology-
intensive sectors [23]. However, the explanatory depth of existing research is still relatively limited. A
considerable share of the literature focuses on descriptive statistics or standard panel regressions, without fully
capturing how internal firm behavior interacts with external digital and financial environments. Only a small
number of studies have begun to introduce tools from strategic management, such as SWOT analysis [24], but
these efforts remain at an early stage.

From this perspective, the effect of SME digital transformation on financing conditions is unlikely to
depend solely on the external digital financial infrastructure. It is also shaped by firm-level factors such as
managerial decisions, organizational capacity, and entrepreneurial characteristics. In particular, variables
related to “soft information”—including entrepreneurial reputation, social networks, and industry
connections—are often underrepresented in current datasets, yet may play an important role in explaining
financing outcomes.

For this reason, future research may need to move beyond the question of whether digitalization reduces
financing constraints, and instead focus more on how this process works and under what conditions it is more
effective. In terms of methodology, this also suggests a need to complement traditional econometric
approaches with case studies or qualitative comparative analysis, so as to better capture the complexity of SME
behavior in the context of digital transformation.

5.4 Green Development: Coexistence of Green Dividend and Green Paradox

The relationship between the digital economy and green development remains one of the most debated
topics in the literature. On the positive side, many studies argue that the digital economy can generate a “green
dividend” by supporting green technological innovation, improving energy management efficiency, and
reducing emissions associated with commuting and production processes [25]. At the same time, other research
highlights the opposite side of the story. The expansion of digital infrastructure itself requires substantial
energy consumption, and together with the “rebound effect”—where efficiency improvements lead to
increased overall demand—this may offset part of the environmental gains, forming what is often referred to
as a “green paradox” [25].

Evidence from the Yangtze River Delta (YRD) suggests that these two effects tend to coexist, rather than
one fully replacing the other. Their relative strength appears to vary across regions and stages of development.
For instance, in resource-based cities, although digitalization may help reduce carbon intensity, total emissions
can still rise due to expanded energy use. In contrast, in more developed core cities, the positive effect of green
technological innovation is more likely to dominate [25]. Some studies also point to the presence of threshold
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effects in regional absorptive capacity, which may lead to uneven diffusion of green technologies and
potentially widen disparities in green innovation across regions [7].

Overall, the existing literature suggests that the digital economy should not automatically be equated with
a green transformation. Realizing its potential environmental benefits likely requires additional supporting
conditions, including carbon pricing mechanisms, stricter energy efficiency standards, and stronger regional
policy coordination. Without such institutional support, the environmental effects of digitalization may remain
mixed and context-dependent.

5.5 Spatial Effects: the Tug-of-war Between Positive Spillovers and Siphon Effects

Spatial effects can be seen as the underlying mechanism connecting the previous four dimensions. The
main view of this paper is that the spatial impact of the digital economy in the YRD is not simply a process of
uniform positive spillovers, but rather the outcome of a continuous interaction between diffusion forces and
agglomeration forces.

On the one hand, there is evidence of positive spillovers. Knowledge, capital, and talent can be transmitted
from core cities to surrounding areas through digital platforms and industrial linkages [6, 18]. On the other
hand, siphon effects are also clearly present. Due to network externalities, better infrastructure, and stronger
attraction for high-skilled labor, core cities tend to absorb more production factors from surrounding regions,
which in turn reinforces the existing core—periphery structure [5, 7].

Based on existing studies, the current situation in the YRD appears to lean more toward the agglomeration
side. Spatial dependence is relatively weak, stable patterns of industrial clustering have not fully formed, and
the expected radiating role of core cities is still not strong enough [2]. In this sense, the findings are not fully
consistent with the more optimistic expectation that digital development will naturally lead to regional balance.

One possible explanation is that spatial outcomes depend on the relative dynamics between digital
connectivity costs and physical mobility costs. While the reduction in digital connection costs makes cross-
regional collaboration easier in principle, physical constraints still matter, especially for high-skilled labor. As
a result, talent and innovative activity often continue to concentrate in core cities, where interaction density is
higher, which reinforces siphon effects at the same time. This suggests that improving digital infrastructure
alone may not be sufficient to reduce regional imbalance; supporting measures such as talent policies,
incentives for industrial relocation, and more equal access to public services may also be necessary.

6. Future Research Directions
In light of the research gaps discussed above, several directions for future work can be identified.

First, more attention is needed on how the siphon effect of the digital economy is actually formed. While
existing studies generally acknowledge its existence, the underlying mechanisms are still not well understood.
Future research could focus on identifying threshold conditions and examining how policy tools, including
transparency-related mechanisms, may help reduce regional imbalances. In particular, the roles of factor return
patterns and administrative boundary constraints deserve closer investigation, as both are often mentioned but
not sufficiently unpacked in current studies.

Second, there is still a clear limitation in terms of data resolution. Most empirical work relies on provincial
or prefecture-level data, which makes it difficult to observe variation within cities or counties. Moving toward
more fine-grained datasets would help reveal more heterogeneous patterns in how the digital economy affects
different regions.

Third, existing literature tends to be fragmented across different research perspectives. A more integrated
framework may be needed, one that brings together technological empowerment, industrial linkages, spatial
restructuring, and institutional change. At present, many studies focus on only one dimension at a time, which
makes it difficult to connect firm-level behavior with broader industrial and regional outcomes.

Finally, research on transparency mechanisms remains relatively underdeveloped. This includes both how
to measure regional information transparency and how digital platforms may improve coordination across
regions. One possible explanation for the persistence of siphon effects is information asymmetry, which tends
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to favor core cities where data, resources, and platforms are more concentrated. In this context, transparency
mechanisms and digital platforms may play a more important role than is currently recognized, not only in
improving coordination but also in supporting entrepreneurial activity and organizational adjustment [26].

7. Conclusion

Overall, the digital economy has played an important role in the development of the Yangtze River Delta
(YRD). Existing studies generally suggest that it contributes to regional productivity growth through multiple
channels, including technological innovation, changes in employment structure, and spatial spillover effects.
These mechanisms have not only supported local economic performance but also, to some extent, facilitated
manufacturing upgrading in surrounding areas.

At the same time, the literature also points to a set of emerging problems that should not be overlooked. In
particular, the strong concentration of digital economy resources in core cities appears to have reinforced
regional disparities. In some cases, rapid infrastructure expansion has also led to concerns about inefficient
allocation of resources and possible redundancy in construction across regions.

Looking ahead, many studies emphasize the need for more balanced policy efforts. This includes improving
digital infrastructure in a more coordinated way, refining supporting policy systems, and further integrating
the digital and real economies. Strengthening the spillover and diffusion capacity of core cities is also
frequently mentioned as an important pathway, with the broader goal of supporting more coordinated and
integrated regional development in the YRD.
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