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economic layout and promoting coordinated regional development. In the context where 
regional economies in China have largely achieved interconnected development (Li et al., 
2014; Wang et al., 2014), further research from the perspective of high-quality economic 
development on regional linkage effects and their transformation mechanisms is essential to 
identify policy focal points for achieving coordinated regional economic development in the 
new era. This research not only aids in understanding the overall pattern and linkage dynamics 
of current regional economic development, but also provides a theoretical and decision-
making basis for addressing bottlenecks in regional circulation economies, promoting the 
reasonable flow and efficient agglomeration of various factors, and scientifically regulating 
regional linkage effects to achieve coordinated regional economic development. 

In this regard, this paper, based on the measurement of the high-quality economic 
development level, utilizes a spatial autoregressive inverse decomposition coefficient to 
identify the linkage effects of high-quality economic development among provincial-level 
regions. It further analyzes the internal and inter-linkage effects among the four major regions 
in China.1 Finally, it employs a temporal exponential random graph model (TERGM) to 
examine the transformation mechanism of regional linkage effects, aiming to transform the 
linkage effects within and between regions from siphoning relations to radiating relations. 
This transformation is intended to reduce regional development disparities and achieve 
coordinated regional economic development.

2　Literature Review
High-quality development, as the primary task in the endeavor to comprehensively 
build a modern socialist country, has become a key topic in both academic and practical 
communities. Jin (2018) notes that high-quality development is a concept that appears simple 
but is challenging to fully comprehend. Many scholars have conducted exploratory research 
on the theoretical mechanisms, driving forces, and practical pathways of high-quality 
economic development, based on a clearer understanding of its connotation and extension 
(Dong & Liu, 2019; Wang & Zhang, 2019). Extant research on high-quality economic 
development can be broadly categorized into several areas: (1) comprehensive and multi-
dimensional measurement of high-quality economic development from perspectives such as 
its connotation, changes in the principal social challenge during the new development stage, 
and the five development concepts (Deng & Cao, 2022; Li et al., 2019; Qu & Liu, 2021; Teng 
& Ma, 2020); (2) examination of the impacts of factors such as technological innovation, 
industrial structure upgrades, financial structure, import structure adjustments, and smog 
pollution on high-quality economic development (Fan et al., 2020; Huang & Jiang, 2019; 
Liu et al., 2019); and (3) exploration of the effects of policies like fiscal decentralization, 
national innovation cities, and regional integration on high-quality economic development 

1 According to the classification by the National Bureau of Statistics, China’s 31 provincial-level regions are divided into 
four major regions: eastern, central, western, and northeast. The eastern region includes Beijing, Tianjin, Hebei, Shanghai, 
Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan; the central region consists of Shanxi, Anhui, Jiangxi, Henan, 
Hubei, and Hunan; the western region includes Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Xizang, 
Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang; and the northeast region comprises Liaoning, Jilin, and Heilongjiang.
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(Chen & Zhang, 2019; Yang & Qiu, 2019; Zhang, 2020). Additionally, some scholars, such 
as Zhang and Liu (2020), have supplemented relevant research by examining monetary policy 
regulation methods suitable for the stage of high-quality economic development.

From these studies, it is clear that the existing literature has explored various aspects of 
high-quality economic development, including its connotation, extension, measurement, 
driving mechanisms, and policy regulation effects. However, there is currently limited 
literature discussing the regional imbalance of high-quality economic development. The 
ongoing issue of unbalanced regional economic development in China, which remains 
significant, greatly affects the optimization of industrial layout and hinders the healthy and 
stable development of the national economy in the long run. Therefore, it is essential to 
examine the spatial interaction mechanisms among different provincial-level regions and 
analyze the temporal and spatial evolution patterns and dynamic characteristics of high-
quality economic development. This analysis is vital for fostering new drivers of economic 
growth at the regional level in the new development stage and promoting coordinated regional 
economic development in China. 

Although there is a limited body of literature on regional interactions from the perspective 
of high-quality economic development, many scholars have conducted related research on 
aspects such as economic growth and urban development levels. This paper categorizes the 
extant literature into three groups based on research methods. 

The first category includes studies such as Cui et al. (2020), who measure the spatial 
correlation of urban development levels in the Yangtze River Delta using Moran’s I, and 
Lan and Zhao (2020), who evaluate the relation between provincial innovation efficiency 
and overall regional innovation efficiency using the relative development rate (NICH) index. 
These methods emphasize capturing the overall level of correlation, which limits their ability 
to reveal the specific position and role of individual regions within the broader interactive 
network. The second category features studies such as Li et al. (2014), who employ the 
Granger causality model to assess the spatial correlation of regional economic growth, and 
Song and Zhao (2018), who analyze China’s regional innovation spatial correlation network 
using a minimum spanning tree method. In particular, the Granger causality test establishes a 
binary directed relation network based on the existence of causal relations between regions, 
making it difficult to accurately reflect the intensity of inter-regional connections. This 
method also suffers from sensitivity to lag order selection (Liu et al., 2015). The minimum 
spanning tree method may filter out some inter-regional correlation information, making 
it difficult to fully capture the patterns and structure of the entire correlation network. The 
third category utilizes data on economic exchanges between regions to reflect economic 
connections (Johnson & Noguera, 2012; Koopman et al., 2010). Unlike the first two 
categories, which use econometric models to characterize the interaction relations between 
different regions, this category focuses on inter-regional correlations based on raw data, 
providing a simpler and more accurate approach. However, due to the difficulty in obtaining 
the relation data required for most research questions, this method lacks universality. 
Moreover, given that China’s economy has transitioned from a stage of rapid growth to one of 
high-quality development, it is essential to explore the issue of regional economic imbalance 
from the perspective of high-quality economic development, as this is vital for promoting 
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coordinated regional economic development in the new stage of development.
Compared to extant research, this paper’s marginal contributions lie in two key aspects. 

First, in terms of research content, it analyzes the regional development imbalance in China’s 
high-quality economic development from the perspective of regional linkage, exploring the 
regular patterns and dynamic characteristics of regional economic linkages. The research 
findings can provide valuable policy insights for achieving coordinated regional economic 
development in China during the high-quality development stage. Second, in terms of 
research methods, it employs spatial autoregressive inverse decomposition coefficients to 
identify the linkage effects of high-quality economic development among regions, accurately 
measuring the impact of changes in the high-quality development levels of provincial-
level regions on others. This method not only overcomes the limitations of some existing 
approaches regarding applicability to mesoscopic panel data but also offers relatively clear 
economic implications. 

3　Measurement of China’s High-Quality Economic Development Level and Its 
Regional Linkage Effects 

3.1　Measurement of China’s High-Quality Economic Development Level
The measurement of the high-quality economic development level is not only a crucial 
prerequisite for quantitatively identifying the linkage effects of high-quality economic 
development among regions and clarifying the patterns of interest relations in regional 
economic development, but it is also a necessary condition for understanding the spatial 
distribution characteristics and transformation mechanism of inter-regional economic 
interactions. This paper selects innovation, coordination, greenness, openness, and sharing 
as five sub-dimensions for measuring the high-quality economic development level. 
Additionally, since high-quality development requires a continuous increase in the supply of 
material products and services, this paper incorporates economic fundamentals as the sixth 
sub-dimension into the high-quality economic development indicator system. In terms of 
specific indicators, this paper draws from the research of Li et al. (2019), Qu and Liu (2021), 
and Teng and Ma (2020), as outlined in Table 1.

Table 1　Measurement Indicator System for High-Quality Economic Development Level
Primary 
indicator

Secondary 
indicator Tertiary indicator Attribute

Innovation

Innovation 
output

Number of three types of patents granted/total 
population Positive

Innovation 
driving Value added of high-tech industries/regional GDP Positive

Innovative 
trading Technology market turnover/regional GDP Positive

Digital economy
Growth rate of long-distance optical cable line length Positive

Growth rate of internet broadband access ports Positive

(To be continued)
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Primary 
indicator

Secondary 
indicator Tertiary indicator Attribute

Green

Resource 
conservation

Energy consumption/regional GDP Negative

Comprehensive utilization of general industrial solid 
waste/general industrial solid waste generated Positive

Environmental 
protection

Waste water, exhaust gas and solid waste discharge/
regional GDP Negative

Urban green area/urban population Positive

Daily treatment capacity of urban sewage Positive

Quantity of harmlessly treated domestic waste/total 
amount of domestic waste Positive

Storage and disposal amount of general industrial 
solid waste/general industrial solid waste generated Positive

Openness

Capital 
openness

Non-financial OFDI flow/regional GDP Positive

Total registered capital of foreign investment/regional 
GDP Positive

Number of migrant workers/total population Positive

Trade openness
Total import and export value/regional GDP Positive

Net exports/regional GDP Positive

Coordination

Coordination 
of industrial 

structure

Absolute value of industrial structure rationalization 
index2 Negative

Regional output value of tertiary industry/regional 
output value of secondary industry Positive

Coordination of 
employment 

structure
Employment structure optimization index3 Positive

Coordinated 
urban-rural 

development

Urban population/year-end total population Positive

Per capita income of urban residents/per capita income 
of rural residents Negative

Demand 
structure 

coordination
Total retail sales of consumer goods/GDP Positive

Sharing Abundant 
resources

Education payment/total population Positive

Number of beds in health institutions/total population Positive

Cultural expenditure/total population Positive
23

2 The industrial structure rationalization index is calculated based on the practice of Gan et al. (2011). The closer to 0, the 
more equilibrium and reasonable the industrial structure. In this paper, the rationalization index of industrial structure is taken 
as an absolute value. The larger the value is, the more unreasonable the industrial structure will be. 
3 This paper draws on the approach of Qu and Liu (2021) to calculate the employment structure optimization index.

(To be continued)

(Continued)
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Primary 
indicator

Secondary 
indicator

Tertiary 
indicator Attribute

Distribution 
fairness

Labor compensation/regional GDP Positive

Growth rate of per capita disposable income/regional 
GDP growth rate Positive

Per capita consumption expenditure of urban 
residents/per capita consumption expenditure of 
rural residents

Negative

Total local fiscal spending on education, health care, 
housing security, social security and employment/
local fiscal budget expenditure

Positive

Economic 
fundamentals

Economic 
growth

Growth rate of regional GDP Positive

Total factor productivity Positive

Variance of economic growth rates between the 
previous year and the following year Negative

Economic 
stability

Inflation rate Negative

Unemployment rate Negative

The indicator system established in this paper comprises 35 tertiary indicators. The sample 
period covers panel data from 31 provincial-level regions in China from 2000 to 2019. The 
data primarily originates from the Economy Prediction System (EPS) China Data, the Wind 
Database, and other sources. When assigning weights to the various indicators, this paper, 
drawing from the research of Qu and Liu (2021), uses the vertical and horizontal stratification 
method to determine the indicator weights. The raw data is processed using the fixed-base 
efficacy coefficient method, and the linear weighting method is applied to synthesize the 
comprehensive index of high-quality economic development. This approach ensures the 
transparency, reproducibility, objectivity, and dynamic comparability of the evaluation 
process and results. The measurement results of the high-quality economic development 
index are shown in Figure 1, where the lightest line represents the high-quality development 
index of each provincial-level region in the year 2000, while darker colors indicate more 
recent years.

From a temporal perspective, between 2000 and 2019, the high-quality economic 
development index of various provincial-level regions exhibited a significant upward trend. 
Spatially, in 2000, provincial-level regions in the western region, such as Ningxia, Qinghai, 
Gansu, Shaanxi, Xizang, Yunnan, and Guizhou, showed marked deficits in their high-quality 
development index compared to other provincial-level regions, with considerable disparities 
among them. As time progressed, by around 2019, the deficit situation in the western 
provincial-level regions began to improve, and the differences among the provincial-level 
regions in the western region also narrowed. Additionally, the gap between some provincial-
level regions in the eastern and central regions, such as Hunan and Hubei, Jiangxi and Fujian, 
as well as Hebei and Shanxi, has somewhat decreased. However, some areas still maintain 
significant disparities in their high-quality development index compared to other provincial-

(Continued)
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Figure 1　Comprehensive Index of High-Quality Economic Development

level regions. Although the high-quality development index for the northeast region has 
improved significantly overall, the development gap among the three provinces has not 
noticeably narrowed. In summary, while the regional imbalance in China’s high-quality 
economic development has somewhat alleviated during the sample period, the imbalance 
issue still persists.

3.2　Measurement of Regional Linkage Effects in China’s High-Quality Economic 
Development

In this section, the spatial autoregressive inverse decomposition coefficient is calculated 
based on the spatial varying coefficient panel regression model to measure the regional 
linkage effect of China’s high-quality economic development. First, the spatial varying 
coefficient panel regression model is introduced. Equation (1) represents the basic form of 
the model, where i represents the province, t represents time, yit represents the comprehensive 
index of high-quality economic development of the ith provincial-level region at moment t, 
wij is the element in row i and column j of the standardized spatial weight matrix4 (when i = j, 
wij equals 0), z is a series of control variables, αi is the individual fixed effect, εit is the random 
disturbance term, and λi and r are both coefficients to be estimated.

4 In this paper, a gravity matrix is selected as the spatial weight matrix. Due to differences in economic development levels 
and population sizes between different time periods, this paper computes the dynamic gravity matrix using the average 
actual GDP and population size for different time periods. Furthermore, to ensure the robustness of the estimation results, 
this paper follows the approach of Duan and Li (2020) by using per capita actual GDP to reconstitute the gravity matrix for 
modeling. The calculated relative intensity of the linkage effects between provinces is generally consistent with the results 
presented in the text.
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	 yit = λi 
j = 1

31

 wijyjt + rz + αi + εit,� (1)

where λi represents the linkage effect of the ith provincial-level region and its surrounding 
areas. To characterize the bidirectional linkage effect between the ith provincial-level region 
and the jth one, this paper utilizes the standardized spatial weight matrix to conduct an inverse 
decomposition of the spatial autoregressive coefficient λi, leading to the following new model 
form:

	 yit = 
j = 1

31

 βijyjt + rz + αi + εit,� (2)

where βij= λi wij. From equation (2), it can be seen that βij can effectively represent the 
linkage effect directed from the jth provincial-level region to the ith one. Additionally, 
considering the possible endogeneity issues arising from omitted variables and bidirectional 
causal relations, this paper aims to comprehensively select control variables. To mitigate 
endogeneity issues caused by omitted variables, fixed effects are introduced. Furthermore, 
the first-order lags of explanatory variables are included in the model to reduce endogeneity 
arising from bidirectional causation.

To avoid variable mix-up, this paper focuses on selecting relevant indicators from process 
variables as control variables. Drawing on the research of Bai and Wang (2016), Shangguan 
and Ge (2020), it selects indicators related to human capital (average years of education), 
innovation investment (R&D expenditure/GDP), government behavior (fiscal expenditure/
GDP), environmental regulation (environmental pollution control investment/GDP), and 
financial development (loan balance/GDP).

The sample is divided into two time periods: 2000-2009 and 2010-2019.5 Due to sample 
size limitations, models are established separately for these two subsets using Stata 14.0. 
Given the relatively numerous estimated results for βij, this paper visually represents the 
linkage effects among provincial-level regions through a network diagram (as shown in 
Figure 2).6 In this figure, an arrow pointing from the ith provincial-level region to the jth one 
indicates a unidirectional linkage effect from the ith provincial-level region to the jth one, 
where darker colors represent stronger unidirectional linkage intensity.

From the two time periods illustrated in Figure 2, it can be observed that the intensity of 
linkage effects between geographically adjacent provincial-level regions is often greater than 
that between provincial-level regions that are not geographically adjacent. Notably, there 
exists a bidirectional linkage effect between any two provincial-level regions, with variations 
in the intensity of these effects in different directions. Some provincial-level regions exhibit 
relatively high levels of economic development; however, the unidirectional linkage effect 
they exert on underdeveloped areas is weaker than the unidirectional linkage effect received 
from these underdeveloped areas. For example, this observation can be seen between Beijing 
and Tianjin during 2000-2009, and between Liaoning and Jilin in 2010-2019. Conversely, 
the situation is reversed in other provincial-level regions, such as between Shanghai and 

5 Due to constraints on sample size, this paper divides the sample into two periods: 2000-2009 and 2010-2019.
6 The calculation results indicate that the linkage effects between any two regions are greater than 0, indicating a positive 
linkage effect in high-quality economic development.
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This paper further analyzes the number of siphoning effects and radiating effects among the 
four regions during the periods of 2000-2009 and 2010-2019, with the results presented in 
Table 3. In the table, the vertical regions represent areas with underdeveloped provincial-level 
regions in the linkage effects, while the horizontal regions represent areas with relatively 
developed provincial-level regions. In the context of siphoning effects, the relatively 
developed provincial-level regions benefit from regional linkage effects. Conversely, in the 
context of radiating effects, the underdeveloped provincial-level regions are the beneficiaries 
of these regional linkage effects.

Table 3　Number of Linkage Effects Between Major Regions
Number of linkage effects between major regions from 2000 to 2009

Siphoning effects Eastern region Central region Western region Northeast region

Eastern region 26 5 0 1

Central region 30 5 0 1

Western region 90 57 33 21

Northeast region 20 5 0 2

Radiating effects Eastern region Central region Western region Northeast region

Eastern region 19 1 2 3

Central region 24 10 9 12

Western region 28 6 33 15

Northeast region 6 0 0 1

Number of linkage effects between major regions from 2010 to 2019

Siphoning effects Eastern region Central region Western region Northeast region

Eastern region 20 2 0 0

Central region 24 7 1 1

Western region 77 58 27 24

Northeast region 17 11 1 1

Radiating effects Eastern region Central region Western region Northeast region

Eastern region 25 5 9 4

Central region 29 8 7 5

Western region 34 6 39 6

Northeast region 9 1 5 2

The analysis of the number of siphoning effects within and between regions reveals that 
during 2000-2009, siphoning effects primarily occurred between relatively developed 
provincial-level regions in the eastern region and underdeveloped provincial-level regions in 
the eastern, central, western, and northeast regions, as well as between relatively developed 
provincial-level regions in the central, western, and northeast regions and underdeveloped 
provincial-level regions in the western region. In 2010-2019, the distribution of siphoning 
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effects remained similar, but the overall number of siphoning effects between regions 
decreased. The analysis of radiating effects shows that in 2000-2009, radiating effects 
primarily existed between relatively developed provincial-level regions in the eastern region 
and underdeveloped provincial-level regions in the eastern, central, and western regions, 
as well as between relatively developed provincial-level regions and underdeveloped ones 
within the western region. In 2010-2019, although the number of radiating effects increased, 
the distribution of these effects between regions did not change significantly.

This paper aims to determine whether the linkage effects between regions are primarily 
characterized by radiating effects or siphoning effects by comparing the number of siphoning 
effects and radiating effects across different time periods. During 2000-2009, the number 
of siphoning effects between the relatively developed provincial-level regions in the eastern 
region and the underdeveloped provincial-level regions in the eastern, central, western, 
and northeast regions exceeded the number of radiating effects. This indicates that the 
linkage between the eastern region and the four major regions was predominantly driven by 
siphoning effects. Similarly, the number of siphoning effects between the underdeveloped 
provincial-level regions in the western region and the relatively developed provincial-level 
regions in the central, western, and northeast regions was greater than the number of radiating 
effects, suggesting that the linkage between the western region and the central, western, and 
northeast regions was also primarily characterized by siphoning effects. In the period from 
2010 to 2019, the number of siphoning effects between the relatively developed provincial-
level regions in the eastern region and the underdeveloped provincial-level regions in the 
eastern, central, western, and northeast regions was 20, 24, 77, and 17, respectively, while the 
corresponding numbers of radiating effects were 25, 29, 34, and 9. This shift indicates that 
the linkage within the eastern region and between the eastern and central regions transitioned 
to being primarily driven by radiating effects. Furthermore, a comparison of siphoning and 
radiating effects between the western region and other regions reveals that only the internal 
linkage within the western region shifted to being predominantly characterized by radiating 
effects.

Based on the analysis above, regional linkages in China exhibit both siphoning effects and 
radiating effects. The eastern region functions as the primary beneficiary in the siphoning 
effect network while also being the main contributor in the radiating effect network. The 
western region serves as the primary contributor in the siphoning effect network and acts as 
an important source of radiating effects for itself. In recent years, the number of siphoning 
effects in China’s regional linkages has gradually declined, while the number of radiating 
effects has increased. Additionally, radiation-driven effects have developed between the 
eastern and central regions, as well as within the eastern and western regions.

5　Transformation Mechanism of Regional Linkage Effects in China’s High-
Quality Economic Development

The shift from siphoning effects to radiating effects in regional linkages is a significant 
indicator of the transition from efficiency-oriented to fairness-oriented regional development. 
This transition is essential for fully harnessing the radiation-driven effects of core growth 
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poles or growth belts, thereby narrowing regional development disparities. To address the 
issue of unbalanced regional economic development, this section focuses on promoting the 
transition from siphoning effects to radiating effects, offering theoretical foundations and 
policy insights for fostering coordinated regional economic development. 

Considering that the research object of this paper is network relation data, whose changing 
trends are not independent and fail to meet the basic assumptions of traditional econometric 
models, the exponential random graph model (ERGM) provides an effective alternative. 
This model effectively compensates for the limitations of traditional econometric models in 
applying relation data through its “bottom-up” and “holistic” research perspective. However, 
the ERGM model is only applicable to cross-sectional relation data and overlooks dynamic 
changes. To overcome the limitations of traditional static network analysis methods, Hanneke 
et al. (2010) propose the temporal exponential random graph model (TERGM), which 
analyzes multi-period network relation data as a cohesive whole. The basic principle of the 
TERGM model is as follows.

Assuming that Y t is the network relation matrix at time t, and yt is a specific network pattern 
at time t. The first-order Markov-related TERGM model can be expressed in the following 
form:

	 P(Y t = y t | Y t-1 = yt-1, θ) = 
exp  

H
 θHgH (y

t, y t-1)

c (θ, y t-1) ,� (3)

where c(·) is a standard normalization constant, H represents the attribute variable affecting 
the formation of network relation, gH (·) is the mathematical expression of the attribute, and 
θH is the coefficient of the attribute. The coefficient vector θ is composed of θH.

Since this paper focuses on the mechanism by which regional linkage effects transition 
from siphoning effects to radiating effects, it primarily examines the transformation of the 
siphoning effect network from 2000 to 2009 into the radiating effect network from 2010 to 
2019. First, the siphoning and radiating effect network data for the periods of 2000-2009 
and 2010-2019 are calculated: when the linkage effect between provincial-level region 
i and provincial-level region j satisfies βij > βji, it can be determined that the net linkage 
direction goes from j to i. Based on the relative levels of the economic quality development 
index of the two provincial-level regions, the net linkage effect is determined to be either a 
siphoning relation or a radiating relation. If the economic quality development levels of the 
two provincial-level regions satisfy Ecoquaj > Ecoquai, it can be concluded that there is a 
radiating relation between the two provincial-level regions, denoted as FSij = 1; otherwise, a 
siphoning relation exists, denoted as HXij = 1.

The transformation forms between siphoning effects and radiating effects among regions 
can be divided into four types: (1) both previous and subsequent sample periods exhibit 
siphoning effects, (2) both periods exhibit radiating effects, (3) a transformation from 
siphoning effects to radiating effects, and (4) a transformation from radiating effects to 
siphoning effects. To avoid interference from the other three transformation forms on the 
estimation results, this paper excludes the siphoning effect network data and radiating effect 
network data corresponding to the other three transformation forms. This results in the 
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generation of only the siphoning network NHX and the radiating network NFS that reflect the 
transition from siphoning effects to radiating effects. In the model, Y t-1 represents NHX from 
2000 to 2009, while Y t represents NFS from 2010 to 2019, thus analyzing the transformation 
mechanism of the siphoning effect network from 2000-2009 into the radiating effect network 
from 2010-2019.

The selection of explanatory variables is shown in Table 4. This paper chooses edges as 
endogenous network structure variables (Tang & Cui, 2020). The region homophily relation 
matrix is used to study the differences in the transformation of linkage effects both within and 
between regions. Considering that individuals are carriers of economic activities, population 

Table 4　Selection of Explanatory Variables

Variable name Variable 
representation Definition and calculation method of variable

Edge Edges The number of edges in the linkage effect network, 
calculated as 

i, j
 yt

ij

Homophily Homophily Used to determine whether any two provincial-level regions 
in the linkage effect network are in the same region. If they 
are in the same region, the value is 1; otherwise, it is 0

Population mobility Pop The logarithmic value of the scale of population mobility 
between any two provincial-level regions in the linkage 
effect network

Geographical 
distance

Distance The shortest driving time between any two provincial-level 
regions in the linkage effect network

Availability of special 
economic zones

Sez Whether either of the two provincial-level regions corresponding 
to any edge in the linkage effect network has a special 
economic zone; if yes, Sezij is 1; otherwise Sezij is 0

Availability 
of national 
comprehensive 
reform pilot zones

Nz Whether either of the two provincial- level  regions 
corresponding to any edge in the linkage effect network has 
a national comprehensive reform pilot zone; If yes, Nzij is 1; 
otherwise 0

Economic 
fundamentals gap

Eco The absolute value of the difference in the economic 
fundamentals dimension between any two provincial-level 
regions in the linkage effect network

Innovative 
development gap

Innovation The absolute value of the difference in the innovation 
dimension between any two provincial-level regions in the 
linkage effect network

Coordinated 
development gap

Harmonious The absolute value of the difference in the coordination 
dimension between any two provincial-level regions in the 
linkage effect network

Green development 
gap

Green The absolute value of the difference in the green dimension 
between any two provincial-level regions in the linkage 
effect network

Open development 
gap

Open The absolute value of the difference in the openness 
dimension between any two provincial-level regions in the 
linkage effect network

Inclusive 
development gap

Inclusive The absolute value of the difference in the inclusiveness 
dimension between any two provincial-level regions in the 
linkage effect network
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mobility directly affects the spatial evolution trajectory of economic activities and is an 
important factor influencing the transformation of inter-regional economic linkage forms. 
Therefore, population mobility is selected as an explanatory variable. Geographical distance 
is one of the essential factors influencing the intensity of inter-regional linkage relations. As 
transportation infrastructure improves and transport tools advance, increased accessibility 
between regions can reduce the constraints of geographical distance on regional linkage 
relations to some extent. The shortest driving time between provincial-level regions is 
chosen as an explanatory variable. Considering that special economic zones and national 
comprehensive reform pilot zones have significant radiating effects, this paper includes 
whether the two provincial-level regions (nodes) in the linkage effect have special economic 
zones or national-level comprehensive reform pilot zones as an explanatory variable. This 
paper also selects various disparities in high-quality economic development among regions 
as explanatory variables to analyze the impact of economic development differences on the 
transformation of linkage forms.

This paper employs the R language to estimate model parameters, presenting the results 
in Table 5. To analyze the heterogeneity across different regions, the sample is divided into 
eastern, central, western, and northeast regions based on the economically underdeveloped 
provincial-level regions involved in the siphoning and radiating effect relation networks. The 
analysis investigates how underdeveloped provincial-level regions in various regions can 
derive greater radiating effects from regional linkage effects. 

Table 5　TERGM Modelling Results

Variable All
(1)

Eastern region
(2)

Central region
 (3)

Western region
(4)

Northeast 
region

(5)

Edges -2.643**
[-2.643, -1.336]

-3.821**
[-3.821, -2.994]

-3.113**
[-3.209, -2.528]

-2.807**
[-2.807, -2.031]

-8.791**
[-8.791, -6.866]

Homophily 0.549**
[0.091, 0.781]

-0.022
[-0.238, 0.323]

0.422**
[0.036, 0.874]

0.700
[-0.205, 1.186]

2.266**
[1.896, 2.733]

Pop 0.105**
[0.010, 0.105]

0.258**
[0.155, 0.258]

0.232**
[0.119, 0.232]

0.088**
[0.057, 0.088]

0.327**
[0.084, 0.327]

Distance 0.011
[-0.029, 0.011]

0.010
[-0.022, 0.010]

-0.064**
[-0.088, -0.064]

0.023
[-0.016, 0.023]

0.093**
[0.093, 0.117]

Sez 0.715**
[0.715, 0.855]

0.881**
[0.723, 1.078]

1.603**
[0.714, 1.957]

0.307**
[0.307, 0.835]

1.394**
[1.066, 1.394]

Nz 0.126
[-0.262, 0.389]

-0.437
[-1.141, 0.079]

0.770**
[0.770, 1.130]

0.177
[-0.106, 0.497]

1.043
[-0.428, 1.549]

Eco 11.849**
[5.077, 16.043]

11.621**
[11.361, 13.415]

15.866**
[1.011, 25.467]

14.044**
[12.099, 18.204]

3.162
[-22.233, 19.123]

Innovation 2.936,8 
[-1.647, 3.430]

2.249
[-1.944, 5.040]

3.566
[-4.696, 3.726]

5.688**
[0.601, 7.383]

-0.186
[-5.568, 2.258]

Harmonious -3.303
[-6.771, 1.187]

-0.602
[-5.926, 3.216]

-7.233**
[-8.304, -5.564]

-6.201
[-12.797, 1.955]

4.698
[-5.237, 4.698]

(To be continued)
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Variable All
(1)

Eastern region
(2)

Central region
 (3)

Western region
(4)

Northeast 
region

(5)

Green -8.423**
[-9.409, -5.159]

-12.642**
[-17.763, 
-9.164]

-15.443**
[-15.443, 
-13.887]

-4.440
[-12.667, 0.606]

-2.043**
[-11.977, 
-2.043]

Open -2.986
[-2.986, 0.142]

-2.090
[-2.090, 1.008]

-2.294
[-2.294, 3.559]

-6.095**
[-6.726, -4.645]

4.284**
[4.284, 8.110]

Inclusive 13.347**
[13.347, 17.163]

12.855**
[11.028, 24.214]

16.325**
[15.704, 26.307]

13.041**
[8.291, 19.260]

10.384**
[10.384, 31.317]

Note. The numbers in brackets represent the lower and upper limits of the 95% confidence interval. ** p < 0.05. 

From the regression results in column (1) of Table 5, it is evident that population mobility, 
the establishment of special economic zones, the widening gap in economic fundamentals 
and inclusive development between regions, and the narrowing of the green development gap 
are conducive to promoting the transformation of regional linkage effects from siphoning 
effects to radiating effects. Notably, population mobility primarily influences underdeveloped 
regions through income-sharing mechanisms and knowledge and technology spillovers from 
developed regions. Special economic zones drive the transformation of regional linkage 
effects from siphoning to radiating by serving as leaders in independent innovation and as 
demonstration zones for modernization. The widening gaps in economic fundamentals and 
inclusive development between regions encourage this transition, as relatively developed 
regions, upon reaching a certain scale, create a “crowding effect” that subsequently radiates 
and propels development in underdeveloped regions. During this process, the economic 
development gap between relatively developed and underdeveloped regions continues to 
grow. When these gaps expand beyond a certain threshold, the nature of regional linkage 
shifts from siphoning effects to radiating effects. Furthermore, the narrowing of the green 
development gap aids in this transformation, mainly because green development carries 
significant negative externalities; any deterioration in the ecological environment of a region 
adversely affects the development and transformation of regional linkage effects. 

By comparing the regression results in columns (2) to (5) of Table 5, the transformation 
of linkage effects across different regions reveals that in the central and northeast regions, 
the shift from siphoning to radiating effects is more likely to occur among provincial-
level regions within the same region rather than between regions. The impact of population 
mobility is relatively significant in the northeast, eastern, and central regions, while its 
influence is diminished in the western region. The influence of special economic zones is 
notably strong in the central and northeast regions, with minimal impact observed in the 
western region. Additionally, the adverse effects of the regional green development gap are 
more pronounced in the eastern and central regions. 

Based on the analysis above, it can be observed that population mobility, the establishment 
of special economic zones, and the narrowing of the green development gap all contribute 
to transforming inter-regional linkage effects from siphoning effects to radiating effects. 
Examining the regions individually, the central and northeast regions can prioritize regulatory 

(Continued)
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efforts within their respective areas, encouraging the development of robust radiating 
spillover networks internally and leveraging growth poles and growth agglomerations to drive 
rapid development in underdeveloped provincial-level regions. For the western region, focus 
can be placed on guiding the reasonable mobility of population from relatively developed 
provincial-level regions in other regions to the western region, thereby disseminating 
advanced knowledge and technology more efficiently to the underdeveloped areas in the 
western region and enhancing the radiating effects. Moreover, by highlighting the strategic 
position of the central region as a connector between the eastern and western regions and 
between the southern and northern regions, economic zones or national comprehensive reform 
pilot zones can be established to transmit radiating effects to the western region. Additionally, 
the eastern and central regions should pay close attention to the constraining effects of the 
green development gap on the transformation of regional linkage effects.

6　Conclusions and Policy Implications
Based on the quantitative identification of regional linkage effects in fostering high-quality 
economic development in China, this paper analyzes the intensity of these effects and their 
transformation mechanism using the four major regions as a basic framework, leading to the 
following conclusions. Firstly, high-quality economic development in China demonstrates 
notable characteristics of regional economies. The eastern region is both the primary 
beneficiary in the siphoning effect network and the main contributor in the radiating effect 
network. The western region serves as a significant contributor within the siphoning effect 
network while also acting as an important source of radiating effects for itself. In recent 
years, radiating effects have emerged between the eastern and central regions, as well as 
within the eastern and western regions. Secondly, population mobility, the establishment 
of special economic zones, and the narrowing of the green development gap facilitate the 
transformation of regional linkage effects from siphoning to radiating effects. Heterogeneity 
analysis indicates that regional homophily has a relatively significant promoting effect in the 
central and northeast regions. However, the promoting effects of population mobility and the 
establishment of special economic zones are relatively weak in the western region. Moreover, 
the widening green development gap exerts a significant constraining effect on the eastern 
and central regions. Based on these research findings, this paper provides the following policy 
implications.

(1) Enhancing the intensity of linkage effects between regions. China’s economic 
development displays distinct characteristics of regional economies, with relatively strong 
linkage effects among provincial-level regions within the same region and weaker effects 
between different regions. Improving the intensity of linkage effects among the four major 
regions is a crucial step toward achieving coordinated regional development. This can be 
facilitated by encouraging some relatively developed provincial-level regions in the eastern 
region to collaborate with underdeveloped provincial-level regions in other areas, assisting 
the central and western regions in establishing demonstration zones for industry transfer, 
actively exploring “enclave-type” industry cooperation models, and supporting provincial-
level regions along regional borders in leveraging their geographical proximity to develop 
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diverse co-construction and sharing mechanisms.
(2) Encouraging the central and northeast regions to prioritize the transformation of 

internal linkage effects from siphoning effects to radiating effects. Research indicates that 
radiating effects have already developed within the eastern and western regions, gradually 
narrowing the economic development gap among provincial-level regions in these regions. 
However, there is currently no significant radiating effect within the central and northeast 
regions. For these two regions, it is easier for the transformation from siphoning effects to 
radiating effects to occur internally rather than between regions. Therefore, underdeveloped 
provincial-level regions in the central and northeast regions should be encouraged to establish 
stronger and closer economic ties with relatively developed provincial-level regions, 
leveraging their geographical proximity and high transportation accessibility to accelerate the 
transformation of siphoning effects to radiating effects within the region.

(3) Strengthening the radiating effects of other regions on the western region. Research 
indicates that the western region is a major contributor in the siphoning effect network, rather 
than a primary beneficiary in the radiating effect network. This may lead to an increasing 
development gap between the western region and other regions. In the new development 
stage, to narrow regional development gaps and achieve coordinated regional economic 
development, it is crucial to focus on transforming siphoning effects into radiating effects 
from other regions to the western region. Analysis of the transformation mechanisms of 
linkage effects suggests that the western region needs to enhance population mobility and 
strengthen the demonstration-driven impact of growth poles on the transformation of linkage 
effects. This can be accomplished by guiding the reasonable population mobility between 
the western region and other areas, thereby facilitating the transfer of advanced technologies 
and concepts from developed regions. Additionally, by leveraging the strategic position of 
the central region as a connector between east and west regions and linking south and north 
regions, economic zones or national comprehensive reform pilot zones can be established to 
transmit radiating effects to the western region. 

Moreover, green development presents significant constraints on the transformation of 
linkage effects from siphoning effects to radiating effects between regions, particularly in the 
eastern and central regions. These areas need to pay close attention to the constraining effects 
of the green development gap on the transformation of regional linkage effects. China’s 
green economic development should emphasize spatial negative externalities, integrating 
green development with spatial planning to promote synchronized green development across 
different regions as much as possible.
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