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Abstract

Regional talent service systems play an important role in supporting human capital devel-
opment and sustainable regional development. However, improvements in overall talent 
service development may coexist with persistent spatial disparities and imbalances among 
service supply, demand, and environment. This study evaluates regional talent service 
systems across 30 provincial-level regions in China from 2015 to 2023 using the entropy 
weight–TOPSIS method, Dagum Gini coefficient decomposition, and coupling coordina-
tion model, supplemented by the coefficient of variation (CV). The results show that the 
national average development score increased from 0.179 to 0.325, while the overall Gini 
coefficient declined from 0.276 to 0.147. Nevertheless, between-region disparities remained 
the dominant source of inequality. The national coupling coordination degree increased 
from 0.373 to 0.553, accompanied by a decline in the average CV from 0.487 to 0.432. How-
ever, the northeastern region experienced an increase in CV despite improved coupling 
coordination, indicating that higher coordination indices do not necessarily imply greater 
subsystem balance. These findings highlight the importance of jointly assessing develop-
ment levels, spatial disparities, and subsystem balance to inform sustainable regional talent 
service development.

Keywords: talent service; sustainable regional development; regional disparities; human 
capital; coupling coordination

1. Introduction
Human capital is an important resource for regional innovation and long-term eco-

nomic development [1]. However, its contribution to sustainable regional development 
depends not only on the availability of talent but also on the conditions supporting talent 
development, allocation, and retention. Talent services provide institutional and organiza-
tional support for these processes by facilitating employment matching, career development, 
human resource allocation, and connections between talent and economic activities [2,3]. 
Unlike talent competitiveness, which primarily concerns the scale, quality, and competitive 
advantages of talent resources, regional talent service focuses on the service provision 
capacity, potential service demand, and supporting conditions that facilitate talent-related 
activities. Regional talent service can therefore be understood as a multidimensional human-
capital support system embedded in broader regional economic and social development.

From a talent ecosystem perspective, regional talent service development involves 
multiple interrelated dimensions rather than the expansion of service provision alone. 
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Specifically, talent service supply reflects the organizational, infrastructural, and resource 
foundations supporting service provision; talent service demand captures the potential 
needs arising from individual employment and career development as well as organizational 
recruitment and innovation activities; and talent service environment encompasses the 
broader socioeconomic conditions supporting the operation and development of talent 
services. These dimensions are analytically distinct but functionally related. For example, 
the expansion of service infrastructure may not be accompanied by corresponding increases 
in potential demand, while favorable employment and innovation opportunities may coexist 
with limitations in service provision or supporting environments. Previous research has 
also highlighted the relevance of regional attractiveness, public services, and quality-of-life 
conditions to talent mobility and location choices [4]. Accordingly, evaluating regional 
talent service development requires attention not only to its overall development level 
but also to the relative development of its constituent dimensions. Such an assessment is 
relevant to sustainable regional development because it considers the broader conditions 
under which human capital can be developed and utilized.

China provides a relevant context for examining regional talent service systems be-
cause its economic transformation and industrial development have been accompanied 
by substantial geographical differences in economic resources, innovation capacity, public 
services, and talent-related opportunities [5]. Previous studies have documented spatial 
disparities in talent competitiveness and talent-related development across Chinese re-
gions [6,7]. These differences suggest that the foundations supporting talent services may 
also vary considerably across provinces. Although regional talent-related development 
may improve over time, such improvements do not necessarily occur at similar rates across 
geographical regions or among different dimensions of regional talent service systems. 
Consequently, an increase in the overall development level may coexist with persistent 
spatial inequality or uneven development among service supply, demand, and environment. 
Understanding these patterns is important for identifying the characteristics of regional 
talent service development and informing differentiated policy priorities.

Existing research has provided valuable insights into talent competitiveness, regional 
talent environments, and human resource service development [8–10]. Studies of regional 
talent service systems have also proposed multidimensional evaluation frameworks incor-
porating service resources, service activities, demand, and environmental conditions. Nev-
ertheless, several issues warrant further investigation. First, although previous studies have 
examined different aspects of talent-related development, longitudinal and cross-provincial 
evidence on regional talent service systems remains limited. In particular, regional talent 
service differs conceptually from both talent competitiveness and the development of the 
human resource service industry, making it necessary to assess the broader conditions 
supporting talent-related service provision and potential demand. Second, existing re-
gional evaluations have examined development levels and geographical differences, but 
further attention is needed to the structural sources of inequality in regional talent service 
development and their evolution over time. Third, although multidimensional evaluation 
and coupling coordination approaches have been applied in related research, changes in 
composite coordination indices do not necessarily indicate improvements in the relative bal-
ance among constituent dimensions. Distinguishing overall subsystem development from 
relative subsystem balance is therefore important for interpreting the multidimensional 
evolution of regional talent service systems. Addressing these issues can provide a more 
differentiated understanding of regional talent service development and its implications for 
sustainable regional development.

To address these issues, this study develops an integrated analytical framework com-
prising talent service supply, talent service demand, and talent service environment. Using 
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panel data from 30 provincial-level regions in mainland China covering 2015–2023, the 
study addresses three research questions: (1) How has the overall development level of re-
gional talent service systems evolved across provinces and regions? (2) How have regional 
disparities changed over time, and what are their principal structural sources? (3) How 
have the supply, demand, and environment subsystems developed in terms of composite 
coordination and relative balance, and how do these patterns differ across regions? The 
entropy weight–TOPSIS method is employed to construct comparable development in-
dices, while the Dagum Gini coefficient and its decomposition are used to examine regional 
disparities and their sources. The coupling coordination model is then applied to assess 
the composite coordination characteristics of the three subsystems, complemented by the 
coefficient of variation (CV) to examine changes in their relative dispersion. Alternative 
weighting schemes are further employed to assess the robustness of the principal findings.

This study contributes to the literature in three respects. First, building on previous 
research on talent competitiveness, human resource services, and regional talent service 
evaluation, it adopts an integrated supply–demand–environment framework to examine 
regional talent service as a multidimensional human-capital support system. Second, it 
provides longitudinal and cross-provincial evidence on the evolution of regional talent 
service development and the structural sources of spatial disparities, distinguishing overall 
improvements from changes in geographical inequality. Third, by combining coupling coor-
dination analysis with a supplementary assessment of subsystem balance, it distinguishes 
improvements in composite coordination indices from changes in relative differences among 
subsystem development levels. This distinction provides a more cautious interpretation of 
coordinated development and highlights the limitations of relying exclusively on aggre-
gate indices. Overall, the study offers an integrated assessment of regional talent service 
development that considers overall development levels, spatial disparities, and internal 
structural balance, thereby providing evidence relevant to discussions of sustainable re-
gional development.

2. Literature Review
Existing research on talent services has examined the organization, provision, and 

evaluation of services supporting talent development and allocation. Bao and Qiu [11] 
discussed the institutional arrangements and supporting resources involved in regional 
service systems for scientific and technological talent. Moving from system construction to 
evaluation, Sun [12] proposed a regional talent service evaluation framework encompassing 
talent resources, service activities, service institutions, and environmental conditions. Dong 
et al. [13] further developed a multidimensional evaluation framework for a high-quality 
talent service system in Hubei Province, incorporating service supply, demand, inputs, 
outputs, and environment. These studies indicate that regional talent service systems 
are complex and multidimensional, involving various service providers, service activities, 
and supporting conditions. Their development levels therefore require a comprehensive 
assessment across multiple dimensions.

The supply and demand of talent-related services constitute important aspects of 
regional talent service development. On the supply side, professional service organiza-
tions and intermediary institutions facilitate connections among workers, employers, and 
other relevant actors. Benner [14] examined how labor market intermediaries contribute to 
regional labor market adjustment through transaction-cost reduction, network building, 
and risk management. Giloth [15] highlighted the role of workforce and education inter-
mediaries in connecting employers, educational institutions, and workers and addressing 
fragmentation in workforce development systems. On the demand side, talent services 
respond to the differentiated needs of individuals and organizations. Chen [16] identified 
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work-related, living, and supplementary needs in an indicator system for talent service 
demand. Beyond individual needs, organizational activities such as recruitment, talent allo-
cation, and research and innovation may also generate demand for talent-related services. 
Taken together, these studies suggest that regional talent service development involves both 
the capacity to provide services and the diverse needs arising from talent development and 
organizational activities.

The development of regional talent service systems is closely related to the broader 
regional environment in which they operate. Existing studies have examined the external 
conditions for talent development from different perspectives. Li and Tang [9] developed 
an evaluation framework for urban talent environments and assessed 15 emerging first-tier 
cities in China. He and Dun [8] investigated how configurations of innovation, economic, 
living, ecological, and social environments are associated with urban innovative talent 
agglomeration. Related research has further examined the relationships between regional 
conditions and talent mobility or location choices. Cui et al. [17] found that employment 
opportunities and urban amenities were associated with the interregional migration of 
graduates from China’s “first-class” universities, while He et al. [18] examined the rela-
tionship between urban amenities and the location choices of excellent returning scientists. 
In addition, Hao et al. [19] investigated the relationships among urban amenities, highly 
skilled talent, high-technology enterprises, and innovation. Overall, these studies indicate 
that economic conditions, public services, and living environments constitute important 
external conditions for talent development and mobility. Although they do not directly 
examine talent service systems, their findings provide useful insights into the broader 
environment in which regional talent services develop.

A related body of literature has developed quantitative approaches to evaluating talent-
related development and regional differences. Studies of innovative talent competitiveness 
and scientific and technological talent competitiveness have constructed multidimensional 
evaluation systems and examined regional development patterns in China [7,20]. At the 
international level, the Global Talent Competitiveness Index 2025 [21] assesses countries’ 
capabilities to enable, attract, grow, and retain talent, together with talent-related skills. 
Other research has investigated the relationship between human capital quality and regional 
economic growth [22]. More closely related to the service sector, Li and Li [10] evaluated 
the high-quality development of China’s human resource service industry using a multi-
dimensional framework and methods including entropy-weighted TOPSIS and coupling 
coordination analysis.

Despite these contributions, several issues warrant further investigation. First, al-
though existing studies have evaluated various aspects of talent-related development, 
further attention to regional talent service systems is warranted. Unlike research on talent 
competitiveness, which primarily focuses on the scale, quality, and competitive advantages 
of talent resources, or studies of the human resource service industry, which emphasize the 
development of the service sector itself, regional talent service systems are characterized by 
their service orientation and multidimensional nature. They encompass the foundations 
of talent-related service provision, respond to the diverse needs of individuals and em-
ploying organizations, and operate within broader regional socioeconomic environments. 
Although previous studies have explored the components and evaluation dimensions of 
talent service systems, further research is needed to assess their development levels and 
dynamic changes across regions while taking these distinctive characteristics into account. 
Second, previous research has examined service provision, service needs, and regional 
talent environments, providing important insights into different aspects of talent service 
development. While these dimensions have also been incorporated into existing talent 
service evaluation frameworks, their relative development and coordination across regions 
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and over time remain worthy of further examination. Third, although regional differences 
in talent-related development have been widely studied, a more integrated assessment 
of regional talent service systems could provide additional insights into the sources of 
disparities and their relationship with multidimensional development patterns.

Building on this literature, the present study adopts an analytical framework informed 
by the talent ecosystem perspective and supply–demand considerations to evaluate the 
development level of regional talent service systems in China. Using data from 30 provinces 
over the period 2015–2023, the study integrates composite development-level assessment, 
Dagum Gini coefficient decomposition, and coupling coordination analysis within a supply–
demand–environment framework. This approach extends existing regional talent service 
evaluation research by providing longitudinal and cross-provincial evidence on overall 
development patterns, the composition of regional disparities, and the relative coordination 
among the three dimensions. The coupling coordination results are interpreted as descrip-
tive measures of multidimensional development and balance rather than evidence of causal 
interactions among the subsystems.

3. Index System Construction
Talent ecosystem theory provides a systems-based perspective for understanding talent 

development and its relationship with the surrounding environment. Ecological systems 
theory emphasizes that individual development takes place within multiple layers of envi-
ronmental influences [23]. Extending this perspective to talent research, existing studies 
have examined the dynamic development of human resources within organizations, as well 
as the relationships among talent resources, institutions, and broader socioeconomic envi-
ronments [24–26]. From an ecosystem perspective, talent development is not determined 
solely by individual capabilities or the availability of talent resources. It also depends on 
the organizational and institutional arrangements through which resources are mobilized 
and the environmental conditions under which talent-related activities take place. This 
perspective highlights the importance of examining the various elements that support talent 
development and their relationships within a broader regional system.

Within this broader system, talent services play a supporting role in talent development 
and allocation. They connect talent-related resources with the needs of individuals and 
organizations through activities such as recruitment, employment support, career develop-
ment, and talent allocation. The provision of these services relies on service organizations, 
platforms, and relevant public support, while their development is also associated with the 
needs arising from individual and organizational activities. Moreover, talent services oper-
ate within regional socioeconomic environments that shape the availability of resources and 
the conditions for service provision. Understanding regional talent service development 
therefore requires attention to three aspects: the foundations supporting service provision, 
the potential needs for talent-related services, and the external conditions under which 
these services operate. Building on this reasoning and previous research on regional talent 
service evaluation [12,13], this study constructs an analytical framework comprising talent 
service supply, talent service demand, and talent service environment.

3.1. Talent Service Supply
Talent service supply reflects the foundations supporting the provision of talent-related 

services within a region. In China’s human resource service system, market-oriented pro-
fessional services and public employment services jointly support talent development and 
allocation [2]. Accordingly, this study evaluates talent service supply from two dimensions: 
professional service supply and public service supply.
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Professional service supply reflects the organizational and platform foundations of 
specialized talent-related services. Human resource service enterprises provide recruitment, 
training, employment support, and human resource allocation services, serving as important 
providers of market-oriented talent services. Existing research has examined the regional 
development of human resource service enterprises using enterprise registration data [27]. 
Accordingly, this study selects the relative scale of newly registered human resource service 
enterprises to characterize the development of professional service providers. Ideally, the 
number of operating human resource service institutions would provide a more direct 
measure of their scale. However, inconsistent provincial data disclosure makes it difficult 
to construct a continuous and comparable panel for 2015–2023. The selected indicator 
therefore serves as a proxy for the relative scale of newly established service providers. In 
addition, human resource service industrial parks facilitate the concentration of service 
organizations and related resources, providing specialized platforms for service provision. 
Consistent with previous research [3], this study adopts the scale of human resource service 
industrial parks to characterize the development of professional service platforms.

Public service supply reflects government support for employment and related public 
services. Public employment services constitute an important component of China’s human 
resource service system, providing employment assistance and other basic services [2]. As 
fiscal expenditure provides essential financial support for public service provision, this 
study selects the share of social security and employment expenditure to reflect the relative 
level of government fiscal support for employment and related public services.

3.2. Talent Service Demand
Talent service demand reflects the potential need for talent-related services arising 

from individual employment and career development activities, as well as organizational 
recruitment and workforce development activities. Existing research has identified em-
ployment, training, and career development as important components of talent service 
demand [16] and has considered individuals and enterprises as sources of potential demand 
in the regional development of the human resource service industry [27]. Accordingly, this 
study evaluates talent service demand from two dimensions: individual-level potential 
service demand and organizational-level potential service demand.

Individual-level potential service demand reflects the potential need for talent-related 
services arising from employment and career development activities. University graduates 
constitute an important group entering the labor market, generating potential demand for 
job placement, employment guidance, and career development services. Considering the 
differences in educational attainment and employment characteristics, this study selects the 
relative scale of undergraduate graduates and the relative scale of postgraduate graduates to 
characterize potential service demand among university graduates. Meanwhile, employed 
individuals may require professional services related to job mobility, skills training, and 
career advancement. Therefore, the relative scale of urban unit employees is included 
to reflect potential service demand among the employed population. These indicators 
are consistent with previous research that considered university graduates and employed 
populations when examining demand-side factors associated with the regional development 
of human resource service enterprises [27].

Organizational-level potential service demand reflects the potential need for talent-
related services arising from organizational operations and innovation activities. Enterprises 
constitute major demand-side participants in the human resource service market, requiring 
services related to recruitment, talent allocation, and workforce development [27]. Ac-
cordingly, this study selects the relative scale of corporate legal entities to characterize 
the organizational base of potential service demand. Moreover, technological upgrading 
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and the development of knowledge-intensive industries increase the importance of spe-
cialized skills and innovative talent [28]. The share of high-tech enterprises is therefore 
included to reflect potential demand for specialized talent-related services associated with 
technology-intensive business activities. In addition, research and innovation activities in 
higher education institutions depend on the participation and development of researchers 
and other specialized personnel [29]. Accordingly, this study selects the relative scale 
of university R&D projects to characterize potential service demand associated with re-
search activities.

3.3. Talent Service Environment
Talent service environment reflects the external conditions that support the operation 

and development of regional talent service systems. From a talent ecosystem perspective, 
talent-related activities are embedded in broader socioeconomic environments in which 
organizations, resources, and supporting facilities interact [30]. Previous research on re-
gional talent attractiveness has also highlighted the relevance of economic opportunities, 
educational resources, public services, infrastructure, and ecological conditions [31,32]. 
Accordingly, this study evaluates talent service environment from six dimensions: eco-
nomic environment, digital infrastructure, educational resources, healthcare conditions, 
transportation conditions, and ecological environment.

Economic environment reflects the regional economic conditions supporting talent ser-
vice development. Economic development provides a foundation for business activities and 
resource allocation, while external economic connections form part of the broader market 
environment in which human resource service enterprises operate. Previous research has 
incorporated regional economic development and openness into analyses of the spatial distri-
bution of human resource service enterprises [27]. Accordingly, this study selects economic 
development level and openness level to characterize the regional economic environment.

Digital infrastructure reflects the information connectivity available to support talent-
related activities and service provision. Previous research has highlighted the relevance 
of regional internet development to the spatial distribution of human resource service 
enterprises [27], while broadband access has also been incorporated into assessments 
of urban talent attractiveness [32]. Accordingly, this study selects the relative scale of 
broadband access subscribers to characterize regional digital infrastructure.

Educational resources provide an institutional foundation for talent cultivation and 
knowledge development. Universities are important participants in regional talent ecosys-
tems [30], and the availability of higher education institutions has been incorporated into 
evaluations of urban talent attractiveness [32]. Accordingly, the scale of higher education 
resources is selected to reflect regional higher education capacity.

Healthcare conditions represent an important component of the public service environ-
ment. Previous research has identified medical resources as a relevant factor in the location 
choices of highly educated individuals [33]. This study therefore adopts the number of 
beds in healthcare institutions to characterize regional healthcare capacity.

Transportation conditions reflect the physical infrastructure supporting mobility and 
access to regional activities. Previous research has highlighted the relevance of transporta-
tion accessibility and environmental quality to urban livability and attractiveness [34]. 
Following existing assessments of urban talent attractiveness [35], this study selects per 
capita urban road area to characterize regional transportation conditions.

Ecological environment reflects the environmental quality of the region in which talent-
related activities take place. Previous research has examined the relationship between air 
pollution and the employment location choices of highly educated graduates [35], while 
air quality has also been incorporated into multidimensional assessments of urban talent 
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attractiveness [32]. Accordingly, this study selects days with good air quality to characterize 
regional ecological conditions. Together, these six dimensions capture the broader external 
conditions within which regional talent service systems operate and develop.

Based on the preceding analysis, this study constructs a regional talent service evalua-
tion index system comprising three first-level dimensions, 10 second-level dimensions, and 
16 third-level indicators. The system captures the foundations of talent service provision, 
the conditions generating potential service demand, and the external environment support-
ing talent service development. The complete index system is presented in Table 1, while 
the measurement and data sources of individual indicators are provided in Appendix A 
(Table A1).

Table 1. Evaluation index system for regional talent service.

First-Level 
Dimensions Second-Level Dimensions Third-Level Indicators

Talent Service 
Supply

Professional Service Supply

Relative scale of newly registered human 
resource service enterprises

Scale of human resource service industrial 
parks

Public Service Supply Share of social security and employment 
expenditure

Talent Service 
Demand

Individual-level Potential 
Service Demand

Relative scale of undergraduate graduates

Relative scale of postgraduate graduates

Relative scale of urban unit employees

Organizational-level Potential 
Service Demand

Relative scale of corporate legal entities

Share of high-tech enterprises

Relative scale of university R&D projects

Talent Service 
Environment

Economic Environment
Economic development level

Openness level

Digital Infrastructure Relative scale of broadband access 
subscribers

Educational Resources Scale of higher education resources

Healthcare Conditions Number of beds in healthcare institutions

Transportation Conditions Per capita urban road area

Ecological Environment Days with good air quality

4. Methods and Data
4.1. Methods
4.1.1. Entropy Weight-TOPSIS Model

The entropy weight–TOPSIS method combines an objective, information-based weight-
ing procedure with a distance-to-ideal-solution approach. The entropy weight method 
determines indicator weights based on their variation across observations, while TOPSIS 
evaluates each observation according to its relative distance from the positive and nega-
tive ideal solutions. This combined approach is employed to construct a composite index 
measuring the development level of regional talent service systems.

To ensure comparability across provinces and years, this study adopts a pooled-sample 
approach. Specifically, the data for 30 provincial-level regions from 2015 to 2023 are com-
bined into a single dataset comprising 270 province-year observations. Indicator normal-
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ization, entropy weight calculation, and the determination of positive and negative ideal 
solutions are conducted using the pooled dataset. Consequently, a common set of indicator 
weights and evaluation benchmarks is applied throughout the study period.

Because the 16 indicators have different measurement units, min–max normalization 
is applied to eliminate differences in scale. All indicators in the evaluation system are 
positively oriented. The normalized value is calculated as follows:

𝑧ij =
𝑥ij − min(𝑥𝑗)

max(𝑥𝑗) − min(𝑥𝑗)
, (1)

where xij  represents the original value of indicator j for observation i, and zij  denotes 
its normalized value. The minimum and maximum values are determined from all 
270 observations.

The proportion of observation i for indicator j is calculated as:

𝑝ij =
𝑧ij

∑𝑛
𝑖 𝑧ij

, (2)

The information entropy of indicator j is calculated as:

𝑒 = −
1

ln 𝑛𝑃ij ln 𝑃ij, (3)

where n = 270 is the total number of province-year observations. When Pij  = 0, the term Pij 
lnPij  is defined as zero.

The entropy weight of indicator j is then determined by:

𝑤𝑗 =
1 − 𝑒𝑗

∑𝑚
𝑗=1(1 − 𝑒𝑗)

, (4)

where m = 16 is the number of indicators and wj  represents the weight assigned to indicator 
j. The resulting weights remain constant across provinces and years. The resulting entropy 
weights for all 16 indicators are reported in Appendix A (Table A2).

The weighted normalized value is calculated as:

vij  = wj zij , (5)

The positive and negative ideal solutions are determined as:

𝑉+
𝑗 = max{𝑣1𝑗, 𝑣2𝑗, … , 𝑣nj}, (6)

𝑉−
𝑗 = min{𝑣1𝑗, 𝑣2𝑗, … , 𝑣nj}, (7)

Both ideal solutions are determined using the pooled sample of 270 observations. The 
Euclidean distances between each observation and the positive and negative ideal solutions 
are calculated as:

𝐷+
𝑖 = √∑

𝑚

𝑗=1
(𝑉+

𝑗 − 𝑣ij)
2
, (8)

𝐷−
𝑖 = √∑

𝑚

𝑗=1
(𝑉−

𝑗 − 𝑣ij)
2
, (9)

Finally, the composite development score of the regional talent service system is calcu-
lated as follows:

𝑆𝑖 =
𝐷−

𝑖
𝐷+

𝑖 + 𝐷−
𝑖

, (10)

where Si ∈ [0, 1]. A higher value indicates a higher development level of the regional talent 
service system relative to the common evaluation benchmarks. The entropy weights reflect 
the statistical variation of indicators within the pooled sample rather than their causal effects 
or intrinsic importance.
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4.1.2. Dagum Gini Coefficient and Decomposition
The Dagum Gini coefficient is employed to measure regional disparities in the develop-

ment level of talent service systems and identify their sources. Compared with conventional 
inequality measures, this method accounts for overlapping distributions among regions 
and decomposes overall disparities into within-region disparities, net between-region dis-
parities, and transvariation. Following Dagum [36], the overall Gini coefficient is calculated 
as follows:

𝐺 =
∑𝑘

𝑗=1 ∑𝑘
ℎ=1 ∑𝑁𝑗

𝑖=1 ∑𝑁ℎ
𝑟=1|𝑆ji − 𝑆hr|

2𝑁2𝑆
, (11)

where G denotes the overall Gini coefficient, k = 4 represents the number of regions, and 
N = 30 is the total number of provincial-level regions. The subscripts j and h denote regions, 
while Nj  and Nh  represent the numbers of provinces in regions j and h, respectively. Sji  and 
Shr  represent the composite development scores of the regional talent service systems in 
provinces i and r of regions j and h, respectively, as calculated in Section 4.1.1. 𝑆 denotes 
the national mean composite development score for a given year.

The overall Gini coefficient is further decomposed into within-region disparities (Gw ), 
net between-region disparities (Gnb ), and transvariation (Gt ):

G = Gw  + Gnb  + Gt , (12)

The within-region component is calculated as:

𝐺jj =
∑𝑁𝑗

𝑖=1 ∑𝑁𝑗
𝑟=1|𝑆ji − 𝑆jr|

2𝑁2
𝑗 𝑆𝑗

, (13)

𝐺jh =
∑𝑁𝑗

𝑖=1 ∑𝑁ℎ
𝑟=1|𝑆ji − 𝑆hr|

𝑁𝑗nNℎ(𝑆𝑗 + 𝑆ℎ)
, (14)

where Gjj  denotes the Gini coefficient within region j, and Gjh  denotes the Gini coefficient 
between regions j and h. 𝑆𝑗 and 𝑆ℎ represent the mean composite development scores of 
regions j and h, respectively.

The contributions of within-region disparities, net between-region disparities, and 
transvariation are calculated as follows:

𝐺𝑤 = ∑
𝑘

𝑗=1
𝐺jj𝑝𝑗𝑠𝑗, (15)

𝐺nb = ∑
𝑘

𝑗=2
∑

𝑗−1

ℎ=1
𝐺jh(𝑝𝑗𝑠ℎ + 𝑝ℎ𝑠𝑗)𝐷jh, (16)

𝐺𝑡 = ∑
𝑘

𝑗=2
∑

𝑗−1

ℎ=1
𝐺jh(𝑝𝑗𝑠ℎ + 𝑝ℎ𝑠𝑗)(1 − 𝐷 jh), (17)

where pj  = Nj /N denotes the proportion of provinces in region j, and 𝑠𝑗 = 𝑁𝑗𝑆𝑗/(𝑁𝑆) repre-
sents the share of region j in the total composite development scores. Similarly, ph  = Nh /N 
and 𝑠ℎ = 𝑁ℎ𝑆ℎ/(𝑁𝑆). Djh  is an auxiliary coefficient used to distinguish net between-region 
disparities from transvariation, defined as 𝐷jh = |𝑆𝑗 − 𝑆ℎ|/[𝐺jh((𝑆𝑗 + 𝑆ℎ))] when the de-
nominator is positive. The contribution rates of the three components are calculated as 
Gw /G, Gnb /G, and Gt /G, respectively.

In this study, the 30 provinces are classified into four geographical regions: eastern, 
northeastern, central, and western China. The Dagum Gini coefficient and its decomposition 
are calculated separately for each year from 2015 to 2023 to examine the temporal evolution 
of regional disparities in the development level of talent service systems and their sources.
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4.1.3. Coupling Coordination Model
The coupling coordination model is employed to assess the coordinated development 

of the three subsystems of regional talent service systems: talent service supply, talent 
service demand, and talent service environment. The model combines the coupling degree, 
which measures the relative balance among subsystem development levels, with a compre-
hensive development index. The composite development scores of the three subsystems are 
calculated separately using the entropy weight–TOPSIS method described in Section 4.1.1 
and are directly used in the coupling coordination model without additional normalization. 
Following previous studies [37], the coupling degree is calculated as follows:

𝐶 = 3 ×
3√𝑈1𝑈2𝑈3

∑3
𝑖=1 𝑈𝑖

, (18)

where C denotes the coupling degree, and U1 , U2 , and U3  represent the composite de-
velopment scores of the talent service supply, talent service demand, and talent service 
environment subsystems, respectively. A higher value of C indicates greater relative balance 
among the three subsystems.

The comprehensive development index is calculated as follows:

T = 𝛼U1  + 𝛽U2  + 𝛾U3 , (19)

where T denotes the comprehensive development index, and 𝛼, 𝛽, and 𝛾 represent the 
weights assigned to the three subsystems. Equal weights are assigned 𝛼 = 𝛽 = 𝛾 = 1/3 
to reflect the equal standing of supply, demand, and environment in the coordination 
assessment. These weights differ from the entropy-derived indicator weights used in the 
composite evaluation, as they reflect an analytical assumption rather than the statistical 
variation of indicators.

The coupling coordination degree is calculated as follows:

𝐷 = √𝐶 × 𝑇, (20)

where D denotes the coupling coordination degree, integrating the coupling degree C 
and the comprehensive development index T. A higher value of D indicates a higher level 
of model-based coordinated development. However, an increase in D may result from 
improvements in overall subsystem development levels, greater relative balance among 
subsystems, or both. Therefore, the coupling degree and subsystem development scores are 
also examined to distinguish these changes. The model provides a descriptive assessment 
of coordination and does not establish causal interactions among the three subsystems.

To complement the coupling coordination analysis, this study further employs the 
coefficient of variation (CV) to assess the relative balance among the three talent service 
subsystems. Although the coupling coordination degree (D) reflects the combined char-
acteristics of subsystem development and coupling, it does not independently measure 
the dispersion of subsystem development scores. Therefore, CV is introduced as a sup-
plementary descriptive indicator to examine whether changes in coupling coordination 
are accompanied by changes in the relative differences among the supply, demand, and 
environment subsystems. The CV is calculated as follows:

CVit =
√ 1

3 ∑3
𝑘=1(𝑆kit − 𝑆it)

2

𝑆it
, (21)

where Skit  denotes the development score of subsystem k in province i and year t, with 
k = 1, 2, 3 representing the supply, demand, and environment subsystems, respectively. 
𝑆it = (𝑆1it + 𝑆2it + 𝑆3it)/3 represents the mean development score of the three subsystems. 
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A lower CV indicates smaller relative differences among subsystem scores, whereas a higher 
CV indicates greater relative disparities. The CV is first calculated for each province-year 
observation and then averaged across provinces to obtain the corresponding regional and 
national values. Unlike the coupling coordination degree, CV focuses exclusively on the 
relative dispersion of subsystem scores and is therefore used as a complementary measure 
rather than a substitute for the coupling coordination model.

4.2. Data
This study uses panel data from 30 provincial-level regions in mainland China covering 

the period 2015–2023 (see in Supplementary Materials). Tibet, Hong Kong, Macao, and 
Taiwan were excluded due to missing data. For regional comparisons, the 30 provincial-
level regions were grouped into four geographical regions—Eastern, Central, Western, 
and Northeastern China—following the four-region classification commonly used by the 
National Bureau of Statistics of China. The eastern region comprises Beijing, Tianjin, Hebei, 
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan; the central region 
comprises Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan; the western region com-
prises Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, 
Qinghai, Ningxia, and Xinjiang; and the northeastern region comprises Liaoning, Jilin, and 
Heilongjiang. The data were primarily obtained from the National Bureau of Statistics 
of China, provincial education statistics published by the Ministry of Education of China, 
the EPS Data Platform, and Qichacha. The dataset comprises 16 indicators covering three 
subsystems: talent service supply, talent service demand, and talent service environment. 
Detailed indicator definitions, measurement methods, and data sources are provided in 
Appendix A (Table A1).

For the talent service supply subsystem, data on newly established human resource 
service enterprises were retrieved from Qichacha on 10 October 2026. Using “human 
resource services” as the business-scope search keyword, enterprises were identified by their 
registered province and establishment date. The number of newly established enterprises 
was calculated for each province and year from 2015 to 2023, regardless of their registration 
status at the time of data extraction, to capture annual market entry. Data on human resource 
service industrial parks were collected from publicly available information through province-
by-province searches. Based on their locations and establishment dates, the cumulative 
number of parks established by the end of each year was calculated for each province. A 
logarithmic transformation, ln(1 + x), was applied to the park counts to reduce differences 
in magnitude across provinces. Other supply-related indicators were obtained from official 
statistical sources.

For the talent service demand subsystem, data on undergraduate and postgraduate 
graduates were obtained from provincial education statistics published by the Ministry 
of Education of China. Data on high-tech enterprises and university R&D projects were 
obtained from the EPS Data Platform, while data on urban unit employees and corporate 
legal entities were obtained from the National Bureau of Statistics of China. These indicators 
were converted into relative measures using the corresponding population or corporate 
legal-entity denominators.

For the talent service environment subsystem, data on economic development, eco-
nomic openness, broadband internet subscribers, higher education institutions, healthcare 
beds, and urban road area were obtained from official statistical sources. Data on days with 
good air quality were retrieved from the China Macroeconomic Database of the EPS Data 
Platform. All indicators were calculated according to their respective operational definitions.

To maintain data consistency across provinces and years, uniform indicator definitions 
and calculation procedures were applied throughout the study period. Missing observations 

https://doi.org/10.3390/su182111195

https://doi.org/10.3390/su182111195


Sustainability 2026, 18, 11195 13 of 30

in the air quality indicator for 2018 and 2021 were estimated using linear interpolation 
based on data from adjacent years. The resulting balanced panel comprised 270 province-
year observations. As illustrated in Figure 1, the entropy weight–TOPSIS method was 
used to calculate the overall development level of regional talent service systems and 
the composite scores of the three subsystems. Based on these results, the Dagum Gini 
coefficient was employed to examine regional disparities and their sources, while the 
coupling coordination model was applied to assess coordination among talent service 
supply, demand, and environment.

Figure 1. Analytical framework of the study.

5. Empirical Results and Analysis
5.1. Development Levels of Regional Talent Service Systems

Using the entropy weight–TOPSIS method, this study calculated the composite devel-
opment scores of regional talent service systems across 30 provincial-level regions in China 
from 2015 to 2023, as presented in Table 2. The national average score increased steadily 
from 0.179 in 2015 to 0.325 in 2023, corresponding to a compound annual growth rate 
(CAGR) of approximately 7.75%. This upward trend indicates an overall improvement in 
the measured development level of regional talent service systems during the study period.

At the provincial level, all 30 provincial-level regions recorded higher composite de-
velopment scores in 2023 than in 2015, although the magnitude of improvement varied 
considerably. Beijing consistently maintained the highest score, increasing from 0.475 in 2015 
to 0.625 in 2023. In 2023, Beijing (0.625), Shanghai (0.473), Guangdong (0.432), Jiangsu 
(0.423), and Zhejiang (0.401) recorded the highest development scores, while Qinghai 
(0.138), Xinjiang (0.184), and Ningxia (0.210) remained at the lower end of the distribu-
tion. Furthermore, 17 of the 30 provincial-level regions recorded scores below the national 
average of 0.325 in 2023, indicating persistent differences in measured development levels 
across provinces.

At the regional level, the eastern region consistently recorded the highest average 
development score, increasing from 0.270 in 2015 to 0.404 in 2023. The northeastern, cen-
tral, and western regions also experienced improvements, with their average scores rising 
from 0.167 to 0.312, from 0.158 to 0.326, and from 0.112 to 0.256, respectively. In terms of 
growth, the western region recorded the highest CAGR (10.88%), followed by the cen-
tral (9.47%), northeastern (8.13%), and eastern (5.17%) regions. Despite its relatively 
rapid growth, the western region remained the lowest-scoring region throughout the study 
period. Moreover, the central region surpassed the northeastern region in 2021, chang-
ing the regional ranking from eastern–northeastern–central–western in 2015 to eastern–
central–northeastern–western in 2023.

Overall, the results indicate that the measured development level of regional talent 
service systems improved across China between 2015 and 2023, while differences across 
provinces and regions persisted. The eastern region maintained its leading position, whereas 
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the western and central regions exhibited relatively faster growth from lower initial levels. 
The magnitude and sources of regional disparities are further examined using the Dagum 
Gini coefficient in Section 5.2.

Table 2. Talent service levels across provincial-level regions in China, 2015–2023.

Area Province 2015 2016 2017 2018 2019 2020 2021 2022 2023 Average

Entire Country Average 0.179 0.186 0.197 0.216 0.238 0.268 0.291 0.309 0.325 0.245

East Area

Beijing 0.475 0.475 0.489 0.508 0.554 0.564 0.585 0.610 0.625 0.543
Tianjin 0.271 0.264 0.270 0.278 0.307 0.317 0.330 0.337 0.341 0.302
Hebei 0.131 0.160 0.165 0.199 0.224 0.231 0.267 0.274 0.318 0.219

Shanghai 0.378 0.375 0.385 0.393 0.412 0.424 0.461 0.462 0.473 0.418
Jiangsu 0.320 0.314 0.318 0.357 0.381 0.390 0.404 0.410 0.423 0.369

Zhejiang 0.265 0.282 0.302 0.327 0.331 0.356 0.366 0.387 0.401 0.335
Fujian 0.181 0.184 0.190 0.222 0.225 0.251 0.282 0.318 0.343 0.244

Shandong 0.261 0.273 0.300 0.345 0.352 0.364 0.377 0.383 0.392 0.339
Guangdong 0.312 0.305 0.315 0.358 0.369 0.399 0.422 0.429 0.432 0.371

Hainan 0.107 0.114 0.110 0.121 0.146 0.197 0.242 0.263 0.293 0.177
Average 0.270 0.275 0.284 0.311 0.330 0.349 0.374 0.387 0.404 0.332

Northeast Area

Heilongjiang 0.137 0.135 0.138 0.150 0.161 0.194 0.206 0.259 0.269 0.183
Liaoning 0.183 0.185 0.245 0.269 0.311 0.331 0.347 0.350 0.358 0.287

Jilin 0.181 0.191 0.231 0.231 0.254 0.279 0.273 0.289 0.310 0.249
Average 0.167 0.170 0.205 0.217 0.242 0.268 0.275 0.299 0.312 0.240

Central Area

Shanxi 0.101 0.109 0.116 0.121 0.129 0.141 0.230 0.252 0.272 0.163
Anhui 0.158 0.187 0.177 0.186 0.241 0.251 0.300 0.341 0.360 0.245
Jiangxi 0.169 0.168 0.186 0.241 0.286 0.282 0.309 0.314 0.317 0.252
Henan 0.173 0.175 0.176 0.200 0.206 0.239 0.282 0.326 0.338 0.235
Hubei 0.171 0.172 0.224 0.265 0.285 0.304 0.314 0.331 0.352 0.269
Hunan 0.174 0.172 0.172 0.206 0.230 0.256 0.277 0.302 0.316 0.234
Average 0.158 0.164 0.175 0.203 0.230 0.246 0.285 0.311 0.326 0.233

West Area

Inner Mongolia 0.100 0.105 0.107 0.111 0.119 0.156 0.198 0.246 0.279 0.158
Guangxi 0.112 0.116 0.122 0.157 0.195 0.203 0.235 0.271 0.279 0.188

Chongqing 0.152 0.156 0.156 0.167 0.178 0.216 0.227 0.232 0.239 0.191
Sichuan 0.195 0.199 0.222 0.224 0.254 0.307 0.333 0.355 0.375 0.274
Guizhou 0.078 0.101 0.104 0.114 0.148 0.232 0.253 0.271 0.274 0.175
Yunnan 0.090 0.110 0.113 0.121 0.126 0.193 0.200 0.248 0.282 0.165
Shaanxi 0.166 0.195 0.198 0.203 0.214 0.258 0.274 0.280 0.308 0.233
Gansu 0.091 0.094 0.097 0.107 0.161 0.262 0.249 0.242 0.250 0.173

Qinghai 0.072 0.077 0.080 0.091 0.104 0.110 0.123 0.126 0.138 0.102
Ningxia 0.087 0.086 0.089 0.102 0.118 0.186 0.194 0.205 0.210 0.142
Xinjiang 0.090 0.095 0.104 0.100 0.113 0.150 0.156 0.169 0.184 0.129
Average 0.112 0.121 0.127 0.136 0.157 0.207 0.222 0.240 0.256 0.175

5.2. Regional Disparities and Their Sources in Talent Service System
5.2.1. Within-Region Disparities in Talent Service System

Figure 2 illustrates the evolution of within-region Gini coefficients across the four major 
regions of China from 2015 to 2023. Overall, within-region disparities exhibited different 
temporal patterns across regions. The eastern region recorded the highest within-region 
Gini coefficient from 2015 to 2022, although its coefficient declined substantially from 0.218 
in 2015 to 0.118 in 2023. The western region also experienced a decline, from 0.179 to 0.129, 
but surpassed the eastern region to record the highest within-region coefficient in 2023. In 
the central region, the coefficient decreased from 0.073 to 0.049, reaching the lowest level 
among the four regions in 2023. By contrast, the northeastern region exhibited a more 
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fluctuating pattern, with its coefficient increasing from 0.061 in 2015 to a peak of 0.138 in 
2019 before declining to 0.063 in 2023.

Figure 2. Evolution of within-region Gini coefficients across China’s four major regions, 2015–2023.

Overall, the results indicate that within-region disparities narrowed in the eastern, 
central, and western regions over the study period, whereas the northeastern region experi-
enced an initial widening followed by a subsequent decline. Despite the general reduction 
in within-region disparities, differences in their magnitude and evolution persisted across 
the four regions.

5.2.2. Between-Region Disparities in Talent Service System
Figure 3 presents the evolution of pairwise between-region Gini coefficients across 

China’s four major regions from 2015 to 2023. Overall, the Gini coefficients declined across 
all six regional pairs, although the magnitude of reduction varied. The eastern–western pair 
consistently exhibited the largest disparity, with its Gini coefficient decreasing from 0.429 in 
2015 to 0.230 in 2023, a reduction of approximately 46.4%. Despite this decline, the eastern–
western coefficient remained considerably higher than those of the other regional pairs, 
indicating persistent differences in the distribution of talent service system development 
levels between the two regions.

Among the six regional pairs, the eastern–central disparity exhibited the largest pro-
portional reduction, with its Gini coefficient declining from 0.302 in 2015 to 0.124 in 2023, a 
decrease of approximately 58.9%. The eastern–northeastern disparity also narrowed, with 
its coefficient falling from 0.280 to 0.142. Meanwhile, the northeastern–western, central–
western, and northeastern–central coefficients decreased from 0.225 to 0.127, from 0.209 
to 0.138, and from 0.084 to 0.062, respectively. Notably, the eastern–central coefficient, 
which was the second highest in 2015, had fallen below the eastern–northeastern, central–
western, and northeastern–western coefficients by 2023. These changes indicate that the 
relative pattern of between-region disparities evolved alongside the overall narrowing of 
regional differences.
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Figure 3. Evolution of between-region Gini coefficients across China’s four major regions, 2015–2023.

5.2.3. Overall Disparities and Their Sources in Talent Service System
Figure 4 presents the evolution of the overall Dagum Gini coefficient and the decom-

position of regional disparities in talent service system development from 2015 to 2023. The 
overall Gini coefficient declined from 0.276 in 2015 to 0.147 in 2023, representing a reduction 
of approximately 46.7%. Although a slight increase was observed in 2017, the overall trend 
was downward. The largest annual decline occurred between 2019 and 2020, when the 
coefficient decreased from 0.241 to 0.193. These results indicate a substantial narrowing of 
relative disparities in the measured development level of regional talent service systems 
during the study period.

Figure 4. Evolution of the overall Dagum Gini coefficient and the contributions of its decomposition 
components, 2015–2023.

The decomposition results reveal that net between-region disparities remained the 
dominant source of overall inequality, accounting for 62.96–72.26% of the total Gini co-
efficient throughout the study period. Their absolute contribution decreased from 0.200 
in 2015 to 0.104 in 2023, while their contribution rate declined slightly from 72.26% to 
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70.49%. The absolute contribution of within-region disparities also decreased from 0.055 to 
0.033, although their contribution rate increased from 19.81% to 22.10%. Meanwhile, the 
transvariation component declined from 0.022 to 0.011, with its contribution rate fluctuating 
between 7.41% and 14.41%. These findings indicate that all three components contributed 
to the reduction in overall disparities, while net between-region disparities remained the 
principal source of inequality. Taken together with the results in Sections 5.2.1 and 5.2.2, 
the decomposition suggests that the narrowing of regional disparities was accompanied by 
persistent differences both within and between geographical regions.

5.3. Coupling Coordination Among Talent Service Subsystems
Using the entropy weight–TOPSIS method, this study calculated the development 

scores of the talent service supply, demand, and environment subsystems and subsequently 
applied the coupling coordination model to evaluate their coordinated development. To 
distinguish changes in overall development from changes in relative subsystem balance, the 
analysis considers the three subsystem scores, the coupling degree (C), the comprehensive 
development index (T), and the coupling coordination degree (D). The provincial coupling 
coordination degrees for 2015–2023 are presented in Table 3.

The three subsystems exhibited different development trajectories over the study period. 
At the national level, the average supply subsystem score increased from 0.096 in 2015 to 
0.479 in 2023, representing the largest absolute increase among the three dimensions. The 
environment subsystem score rose from 0.276 to 0.387, whereas the demand subsystem score 
increased more modestly from 0.157 to 0.192. Consequently, the relative configuration of the 
three subsystems changed substantially. Supply recorded the lowest average score in 2015 
but the highest in 2023, while demand became the lowest-scoring subsystem. These results 
indicate that improvements in the three dimensions were uneven, with supply-related 
conditions advancing more rapidly than demand-related conditions.

Regional comparisons reveal further differences in subsystem development. In 2023, 
the eastern region recorded relatively high scores for environment (0.512) and supply 
(0.483), compared with demand (0.288). The northeastern region exhibited a supply score 
of 0.536, exceeding its environment (0.294) and demand (0.192) scores. A similar pattern 
was observed in the central region, where supply reached 0.564, compared with 0.372 for 
environment and 0.153 for demand. The western region recorded relatively low scores 
across all three subsystems, particularly demand (0.125), followed by environment (0.305) 
and supply (0.414). These findings highlight differences in the relative development of the 
three subsystems across regions. In particular, environmental conditions were relatively less 
developed than supply-related conditions in the Northeast, while substantial differences 
between supply and demand scores were observed in the central and western regions. 
These differences should be interpreted as relative scores within the evaluation framework 
rather than direct evidence of actual market supply–demand imbalances.

The coupling coordination results indicate an overall increase in the coordination 
index of regional talent service systems. As shown in Table 3, the national average cou-
pling coordination degree increased from 0.373 in 2015 to 0.553 in 2023. However, the 
coupling degree and comprehensive development index followed different trajectories. The 
national average coupling degree increased only moderately, from 0.848 to 0.884, whereas 
the comprehensive development index rose from 0.176 to 0.352. This contrast suggests that 
the improvement in the coupling coordination degree was accompanied by a substantial 
increase in overall subsystem development, while changes in relative subsystem balance 
were comparatively limited. Therefore, an increase in the coupling coordination degree 
should not be interpreted as evidence of an equivalent improvement in subsystem balance.
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Table 3. Coupling coordination degree of talent service subsystems in China, 2015–2023.

Area Province 2015 2016 2017 2018 2019 2020 2021 2022 2023

Entire Country Average 0.373 0.389 0.413 0.438 0.468 0.501 0.524 0.539 0.553

East Area

Beijing 0.492 0.471 0.489 0.488 0.657 0.656 0.668 0.682 0.685
Tianjin 0.371 0.391 0.445 0.478 0.554 0.559 0.570 0.573 0.575
Hebei 0.325 0.390 0.386 0.418 0.440 0.454 0.482 0.501 0.532

Shanghai 0.579 0.584 0.591 0.597 0.614 0.637 0.675 0.653 0.665
Jiangsu 0.590 0.583 0.584 0.617 0.632 0.641 0.654 0.660 0.669

Zhejiang 0.534 0.551 0.569 0.585 0.589 0.609 0.622 0.638 0.650
Fujian 0.329 0.339 0.365 0.479 0.480 0.517 0.547 0.578 0.596

Shandong 0.520 0.518 0.527 0.543 0.543 0.564 0.583 0.595 0.612
Guangdong 0.416 0.439 0.555 0.628 0.633 0.652 0.672 0.675 0.677

Hainan 0.326 0.331 0.326 0.346 0.378 0.418 0.461 0.500 0.523
Average 0.448 0.460 0.484 0.518 0.552 0.571 0.593 0.606 0.618

Northeast Area

Heilongjiang 0.371 0.367 0.378 0.396 0.412 0.451 0.465 0.511 0.526
Liaoning 0.430 0.437 0.505 0.524 0.548 0.557 0.572 0.578 0.590

Jilin 0.379 0.402 0.479 0.483 0.502 0.522 0.523 0.536 0.552
Average 0.393 0.402 0.454 0.468 0.487 0.510 0.520 0.542 0.556

Central Area

Shanxi 0.319 0.329 0.343 0.343 0.352 0.369 0.481 0.497 0.514
Anhui 0.359 0.448 0.432 0.442 0.494 0.504 0.538 0.566 0.582
Jiangxi 0.343 0.360 0.446 0.503 0.544 0.538 0.557 0.562 0.565
Henan 0.371 0.377 0.370 0.426 0.429 0.468 0.504 0.537 0.548
Hubei 0.375 0.385 0.484 0.514 0.530 0.547 0.559 0.576 0.597
Hunan 0.380 0.381 0.390 0.464 0.495 0.523 0.540 0.551 0.562
Average 0.358 0.380 0.411 0.449 0.474 0.492 0.530 0.548 0.561

West Area

Inner Mongolia 0.309 0.313 0.321 0.322 0.330 0.399 0.441 0.478 0.503
Guangxi 0.286 0.292 0.308 0.377 0.415 0.432 0.462 0.492 0.507

Chongqing 0.370 0.381 0.383 0.402 0.421 0.480 0.492 0.496 0.504
Sichuan 0.406 0.425 0.483 0.479 0.512 0.557 0.576 0.569 0.584
Guizhou 0.242 0.264 0.285 0.306 0.383 0.440 0.454 0.475 0.484
Yunnan 0.278 0.290 0.293 0.308 0.312 0.415 0.430 0.467 0.493
Shaanxi 0.379 0.449 0.455 0.464 0.477 0.522 0.539 0.546 0.569
Gansu 0.304 0.313 0.317 0.330 0.399 0.461 0.465 0.470 0.485

Qinghai 0.265 0.279 0.281 0.296 0.316 0.331 0.351 0.347 0.360
Ningxia 0.292 0.291 0.288 0.307 0.330 0.419 0.436 0.454 0.464
Xinjiang 0.251 0.292 0.317 0.288 0.306 0.388 0.397 0.413 0.431
Average 0.307 0.326 0.339 0.353 0.382 0.440 0.458 0.473 0.489

To further examine relative subsystem balance, the coefficient of variation (CV) was 
calculated across the three subsystem scores for each province-year observation, with the 
national and regional trends iluustrated in Figure 5. A lower CV indicates smaller relative 
differences among the subsystems. At the national level, the average CV decreased from 
0.487 in 2015 to 0.432 in 2023, suggesting an overall reduction in relative subsystem dispari-
ties. Nevertheless, the average CV reached 0.430 in 2019, indicating that improvements in 
subsystem balance were not continuous throughout the study period.

At the regional level, all four regions experienced increases in their average coupling 
coordination degrees, but their changes in relative subsystem balance differed. The eastern 
region maintained the highest average coupling coordination degree, increasing from 0.448 
in 2015 to 0.618 in 2023. Its average CV declined from 0.534 to 0.387, accompanied by an 
increase in the coupling degree from 0.787 to 0.900, indicating that higher coordination 
index values were accompanied by smaller relative differences among subsystems. The 
northeastern region exhibited a contrasting pattern: although its average coupling coor-
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dination degree increased from 0.393 to 0.556, its coupling degree declined from 0.951 to 
0.912, while its CV increased from 0.321 to 0.424. Meanwhile, its comprehensive develop-
ment index increased from 0.163 to 0.341. Thus, the increase in the Northeast’s coupling 
coordination degree was accompanied by higher overall subsystem development despite 
widening relative differences among the three subsystems. The central region recorded the 
largest absolute increase in the coupling coordination degree, from 0.358 to 0.561, while its 
CV declined from 0.507 to 0.465. In the western region, the coupling coordination degree 
increased from 0.307 to 0.489, whereas CV declined only slightly from 0.479 to 0.457. These 
findings demonstrate that increases in coupling coordination degrees can coexist with 
different patterns of subsystem balance.

Figure 5. Evolution of subsystem development levels and relative balance across regions, 2015–2023.

Provincial differences remained evident in 2023. Beijing (0.685), Guangdong (0.677), 
Jiangsu (0.669), Shanghai (0.665), and Zhejiang (0.650) recorded the highest coupling 
coordination degrees, whereas Qinghai (0.360), Xinjiang (0.431), Ningxia (0.464), Guizhou 
(0.484), and Gansu (0.485) recorded the lowest values. A comparison between Beijing and 
Qinghai further illustrates the distinction between coupling and coordination. Qinghai’s 
coupling degree (0.914) exceeded that of Beijing (0.878), but its comprehensive develop-
ment index (0.142) was substantially lower than Beijing’s (0.535), resulting in a much 
lower coupling coordination degree. This comparison demonstrates that a relatively high 
coupling degree does not necessarily imply a high coupling coordination degree when 
overall subsystem development remains limited.

Taken together, the results indicate that the improvement in regional talent service coordi-
nation indices during 2015–2023 was accompanied by substantial growth in overall subsystem 
development, while changes in relative subsystem balance varied across regions. The coupling 
coordination model provides a descriptive assessment of the joint development characteristics 
of the supply, demand, and environment subsystems; it does not establish causal interactions 
among them or independently validate their actual coordination performance.

5.4. Robustness Checks
5.4.1. Robustness of Talent Service Development Assessment

To assess the robustness of the talent service development assessment, the entropy-
weight TOPSIS method was replaced with equal-weight TOPSIS, assigning equal weights 
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to all evaluation indicators. The robustness analysis was conducted for each year from 2015 
to 2023. For brevity, Table 4 reports the national and regional composite scores for 2015 and 
2023 only. In addition, Spearman’s rank correlation coefficients were calculated annually to 
examine the consistency of provincial rankings under the two weighting schemes.

Table 4. Robustness of Talent Service Development Assessment under Alternative Weighting Methods.

Region/Indicator Entropy-Weight 
TOPSIS (2015)

Equal-Weight 
TOPSIS (2015)

Entropy-Weight 
TOPSIS (2023)

Equal-Weight 
TOPSIS (2023)

National 0.179 0.269 0.325 0.419
Eastern 0.27 0.333 0.404 0.47

Northeastern 0.167 0.269 0.312 0.409
Central 0.158 0.266 0.326 0.421
Western 0.112 0.213 0.256 0.374

Spearman’s ρ — 0.953 *** — 0.949 ***
Entropy-weight TOPSIS represents the baseline method, while equal-weight TOPSIS serves as an 
alternative weighting method. The analysis covers all nine years (2015–2023), although only the initial 
and final years are presented for brevity. Spearman’s ρ measures the correlation between provincial 
rankings obtained using the two methods. The annual Spearman correlation coefficients ranged from 
0.947 to 0.979, with an average of 0.956. *** p < 0.001.

As shown in Table 4, the national average composite score increased from 0.269 in 
2015 to 0.419 in 2023 under equal weighting, consistent with the upward trend observed 
under entropy weighting (from 0.179 to 0.325). All four regions also exhibited increasing 
composite scores under both weighting schemes. Moreover, the eastern region consistently 
ranked highest and the western region lowest throughout the study period, regardless of 
the weighting method. Regional rankings were identical in eight of the nine years, with 
only a minor difference in the relative positions of the central and northeastern regions in 
2021. At the provincial level, the annual Spearman rank correlation coefficients ranged from 
0.947 to 0.979, with an average of 0.956 (all p < 0.001), indicating a high degree of ranking 
consistency between the two methods. Although the absolute composite scores and some 
individual rankings differed, the overall development trends and broad regional patterns 
remained stable. These findings support the robustness of the talent service development 
assessment to changes in indicator weighting.

5.4.2. Robustness of Regional Disparity Analysis
To examine the robustness of the regional disparity analysis, the Dagum Gini coeffi-

cient and its decomposition were recalculated using the talent service development scores 
obtained from equal-weight TOPSIS. The robustness analysis covered all nine years from 
2015 to 2023. For brevity, Table 5 reports the results for 2015 and 2023 only.

As shown in Table 5, the overall Dagum Gini coefficient decreased from 0.145 in 2015 to 
0.075 in 2023 under equal weighting, representing a reduction of 48.28%, which is consistent 
with the 46.74% reduction observed under entropy weighting. The decomposition results 
also remained stable across the two methods. Net between-region disparities consistently 
accounted for the largest share of overall inequality, contributing 60.99–71.69% under 
equal weighting and 62.96–72.26% under entropy weighting. Furthermore, both methods 
revealed declining within-region disparities in the eastern, central, and western regions, 
alongside a slight increase in the northeastern region between 2015 and 2023. All six pairwise 
interregional Gini coefficients declined over the study period, with the eastern–western 
disparity remaining the largest throughout. Although the absolute Gini coefficients differed 
between the two weighting methods, the main findings regarding the reduction in overall 
regional disparities, the dominant contribution of net between-region differences, and the 
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broad spatial patterns of inequality remained consistent. These results further support the 
robustness of the regional disparity analysis.

Table 5. Robustness of Regional Disparity Analysis under Alternative Weighting Methods.

Indicator Entropy-Weight 
TOPSIS (2015)

Equal-Weight 
TOPSIS (2015)

Entropy-Weight 
TOPSIS (2023)

Equal-Weight 
TOPSIS (2023)

Overall Dagum Gini coefficient 0.276 0.145 0.147 0.075
Within-region contribution (%) 19.81 20.64 22.1 20.4

Net between-region contribution (%) 72.26 69.74 70.49 69.96
Transvariation contribution (%) 7.93 9.62 7.41 9.64
Eastern–Western Gini coefficient 0.429 0.228 0.23 0.117

Entropy-weight TOPSIS represents the baseline method, while equal-weight TOPSIS serves as an 
alternative weighting method. The analysis was conducted for all nine years (2015–2023), although 
only 2015 and 2023 are reported for brevity. Contribution rates are expressed as percentages. The 
Eastern–Western Gini coefficient measures the disparity between the eastern and western regions.

5.4.3. Robustness of Coupling Coordination Analysis
To assess the robustness of the coupling coordination analysis, a sensitivity analysis was 

conducted by adjusting the relative weights assigned to the talent service supply, demand, 
and environment subsystems. In addition to the baseline equal-weight scheme (1/3, 1/3, 
1/3), three alternative schemes were considered: supply-priority (0.50, 0.25, 0.25), demand-
priority (0.25, 0.50, 0.25), and environment-priority (0.25, 0.25, 0.50). The coupling degree 
was held constant, while the comprehensive development index and coupling coordination 
degree were recalculated under each scheme. The analysis covered all nine years from 2015 
to 2023, with Table 6 presenting the results for 2015 and 2023 for brevity.

Table 6. Robustness of Coupling Coordination Analysis under Alternative Subsystem Weighting 
Schemes.

Region/Year Baseline Supply-Priority Demand-Priority Environment-Priority

2015
National 0.373 0.352 0.367 0.399
Eastern 0.448 0.424 0.438 0.479

Northeastern 0.393 0.378 0.393 0.408
Central 0.358 0.331 0.354 0.385
Western 0.308 0.29 0.301 0.331

2023
National 0.553 0.578 0.52 0.56
Eastern 0.619 0.629 0.592 0.633

Northeastern 0.556 0.594 0.525 0.547
Central 0.561 0.599 0.519 0.563
Western 0.49 0.515 0.455 0.496

Spearman’s ρ (2023) — 0.961 0.976 0.989
The baseline scheme assigns equal weights (1/3, 1/3, 1/3) to the supply, demand, and environment 
subsystems. The three alternative schemes assign a weight of 0.50 to the prioritized subsystem and 
0.25 to each of the other two subsystems. The coupling degree is held constant across schemes. The 
robustness analysis covers all nine years from 2015 to 2023, although only the initial and final years 
are reported for brevity. Spearman’s ρ measures the consistency of provincial rankings between each 
alternative scheme and the baseline scheme.

As shown in Table 6, the national coupling coordination degree increased under all 
four weighting schemes between 2015 and 2023. Under the baseline scheme, it increased 
from 0.373 to 0.553, while the corresponding values increased from 0.352 to 0.578 under the 
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supply-priority scheme, from 0.367 to 0.520 under the demand-priority scheme, and from 
0.399 to 0.560 under the environment-priority scheme. The broad regional pattern remained 
stable, with the eastern region consistently exhibiting the highest coupling coordination 
degree and the western region the lowest. However, the relative positions of the central and 
northeastern regions varied under certain weighting schemes. At the provincial level, the 
annual Spearman rank correlation coefficients between the baseline and alternative schemes 
ranged from 0.961 to 0.993, indicating a high degree of ranking consistency throughout the 
study period. Overall, these results support the robustness of the main findings regarding 
the improvement in coupling coordination and its broad regional distribution pattern, 
although some regional rankings remain sensitive to changes in subsystem weights.

5.4.4. Association with Regional Economic Development
To examine the extent to which the regional talent service development index is associ-

ated with general economic development, this study conducted Spearman’s rank correlation 
analysis between provincial GDP per capita and the overall talent service index, as well as 
its three constituent subsystems. As shown in Table 7, the overall index exhibits a strong 
positive correlation with GDP per capita (ρ = 0.794, 95% CI: 0.737–0.840, p < 0.001). How-
ever, the strength of this association varies across subsystems. Talent service environment 
shows the strongest correlation (ρ = 0.795), followed by talent service demand (ρ = 0.687), 
while talent service supply exhibits a comparatively weaker correlation (ρ = 0.444).

Table 7. Spearman correlations between GDP per capita and regional talent service development 
indices.

Index Spearman’s 𝛒 95% CI p-Value

Overall talent service development 0.794 0.737–0.840 <0.001
Talent service supply 0.444 0.337–0.539 <0.001

Talent service demand 0.687 0.610–0.751 <0.001
Talent service environment 0.795 0.739–0.841 <0.001

The reported p-values and confidence intervals are based on conventional Spearman correlation 
analysis without adjustment for within-province dependence.

The observed differences are consistent with the functional characteristics of the three 
subsystems. Talent service environment encompasses economic conditions, digital in-
frastructure, educational resources, healthcare, transportation, and ecological conditions, 
several of which are closely associated with regional economic development. Talent service 
demand reflects potential service needs arising from employment, business activities, and 
innovation, which may also be greater in economically developed regions. In contrast, 
talent service supply focuses more directly on the organizational, platform, and public 
service foundations of talent service provision. Its comparatively lower correlation with 
GDP per capita suggests that the development of talent service supply does not neces-
sarily correspond to regional economic development to the same extent as the other two 
subsystems.

Overall, these results indicate that regional talent service development is closely asso-
ciated with economic development, but this association is not uniform across its constituent 
dimensions. The differences in correlation coefficients are consistent with the multidi-
mensional nature of the proposed evaluation framework, in which supply, demand, and 
environment capture distinguishable yet interrelated aspects of regional talent service devel-
opment. Nevertheless, the strong correlation between the overall index and GDP per capita 
indicates that broader socioeconomic development may contribute substantially to the 
observed regional differences. Therefore, the correlation analysis provides a supplementary 
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assessment of the index’s relationship with general economic development, rather than 
conclusive evidence of its discriminant validity.

6. Discussion
The findings reveal that regional talent service development in China was character-

ized by overall improvement alongside persistent spatial disparities between 2015 and 2023. 
Although the eastern region consistently maintained its leading position, the overall Dagum 
Gini coefficient declined from 0.276 to 0.147, indicating a substantial reduction in regional 
inequality. Nevertheless, net between-region disparities remained the predominant source 
of overall inequality throughout the study period. Previous studies have documented 
spatial disparities in China’s talent competitiveness at different geographical scales. Hu 
et al. [6] examined the spatial and temporal evolution of talent competitiveness in Western 
China, while Yang et al. [7] investigated regional disparities and spatial convergence in 
innovation talent competitiveness across China. Specifically, Yang et al. [7] reported an 
average overall Dagum Gini coefficient of 0.33 for regional innovation talent competitive-
ness during 2010–2021, with between-region differences contributing 70.685% to overall 
inequality. Although differences in measurement constructs and study periods limit direct 
comparisons of Gini magnitudes, the dominant contribution of between-region disparities 
is consistent with the present study (72.26% in 2015 and 70.49% in 2023). Building on these 
studies, the present research extends the analytical focus from talent competitiveness to 
regional talent service systems, examining both changes in overall development levels and 
the structural sources of regional inequality. The persistence of regional disparities may be 
associated with differences in industrial structures, innovation capacity, human capital accu-
mulation, and institutional resources across regions. Economically developed regions may 
benefit from stronger talent service infrastructure and more favorable conditions for talent-
related activities, whereas less-developed regions may face constraints in service provision 
and supporting environments. However, these factors represent plausible explanations 
rather than empirically established causal mechanisms. From a sustainability perspective, 
the coexistence of overall improvement and persistent regional disparities highlights the 
importance of considering not only aggregate development levels but also the geographical 
distribution of talent service capacity and supporting conditions. The additional correlation 
analysis places these spatial patterns in a broader economic context: the overall index is 
strongly associated with provincial GDP per capita (Spearman’s ρ = 0.794), consistent with 
the role of regional economic resources in supporting talent-related activities. Yet this 
association should not be interpreted as independent validation, because GDP per capita is 
itself included in the economic environment dimension. Moreover, the pooled correlations 
are descriptive and do not account for within-province dependence or common time trends.

The coupling coordination analysis provides further insights into the multidimensional 
development of regional talent service systems. Although the coupling coordination degree 
increased across all four regions during the study period, improvements in this composite 
indicator did not necessarily correspond to greater balance among talent service supply, 
demand, and environment. The supplementary coefficient of variation (CV) analysis shows 
that the national average CV declined from 0.487 in 2015 to 0.432 in 2023, suggesting an 
overall reduction in relative differences among the three subsystems. However, considerable 
regional heterogeneity was observed. In the eastern region, the increase in the coupling 
coordination degree was accompanied by a decline in CV, indicating simultaneous improve-
ments in the composite coordination index and relative subsystem balance. By contrast, 
the northeastern region exhibited a divergent pattern: its coupling coordination degree 
increased from 0.393 to 0.556, while its coupling degree declined from 0.951 to 0.912 and its 
CV increased from 0.321 to 0.424. This finding indicates that improvements in the coupling 
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coordination degree can occur alongside widening relative differences among subsystem 
development levels when overall subsystem development increases. The relatively limited 
reduction in CV observed in the western region further suggests that improvements in com-
posite coordination indices do not necessarily imply substantial progress toward balanced 
subsystem development. Previous research has highlighted the role of human resource 
services and their relationships with talent, innovation, and industrial development [2,3]. 
Other studies have emphasized the relevance of regional attractiveness and urban amenities 
to talent mobility and location choices [4,18]. Building on these insights, the present study 
examines talent service supply, demand, and environment within an integrated analyti-
cal framework and further distinguishes changes in overall subsystem development from 
changes in their relative balance. Previous studies have also examined the relationships 
between human capital allocation, regional public services, and sustainable regional de-
velopment [38,39]. The present findings complement this literature by highlighting the 
importance of considering both overall development and internal structural balance when 
evaluating regional talent service systems. Nevertheless, the coupling coordination model 
and CV analysis provide descriptive evidence of subsystem development and relative dis-
persion rather than direct evidence of causal interactions or actual service effectiveness. 
The differing correlations of GDP per capita with service supply (ρ = 0.444), demand 
(ρ = 0.687), and environment (ρ = 0.795) further underline why the three subsystems 
should be examined separately: their associations with general economic development are 
not uniform, even though they are interrelated. These differences are descriptive and do 
not, by themselves, establish that the subsystems are statistically distinct.

Taken together, this study contributes to the literature on regional talent development 
in three respects. First, it extends existing research on talent competitiveness and human 
resource service industry development [6,7,10] by conceptualizing regional talent service as 
an integrated system comprising service supply, talent demand, and environmental support. 
Rather than focusing exclusively on talent resources, competitiveness, or the development 
of the human resource service industry, this framework incorporates multiple dimensions 
of the regional conditions supporting talent services. Second, by combining longitudinal 
development assessment with the Dagum Gini decomposition, the study distinguishes im-
provements in overall development levels from changes in spatial disparities and identifies 
the structural sources of regional inequality. This approach provides a more differentiated 
understanding of regional talent service development by showing that reductions in overall 
inequality can coexist with persistent between-region disparities. Third, by complementing 
coupling coordination analysis with a CV-based assessment of subsystem balance, the 
study demonstrates that increases in coupling coordination degrees may be accompanied 
by either narrowing or widening relative differences among subsystem development levels. 
This finding refines the interpretation of coupling coordination indices by distinguishing 
improvements in composite coordination measures from changes in internal structural 
balance. This interpretation also clarifies the scope of the sustainability perspective adopted 
here. Environmental quality is one of several conditions supporting talent service devel-
opment, but it is represented by only one indicator—days with good air quality—which 
receives an entropy weight of 0.020. Because entropy weights reflect variation in the pooled 
observations rather than intrinsic or policy importance, this relatively low weight should not 
be taken to imply that ecological conditions are unimportant. At the same time, the index is 
not intended to measure environmental sustainability comprehensively; its contribution 
is to assess the long-term development, geographical distribution, and structural balance 
of regional talent service systems. Overall, the study provides an integrated analytical 
perspective that considers development levels, spatial disparities, and subsystem balance 
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simultaneously, offering a more comprehensive basis for understanding the evolution of 
regional talent service systems and their implications for sustainable regional development.

7. Conclusions and Policy Implications
7.1. Conclusions

This study evaluated the development of regional talent service systems across 
30 provincial-level regions in mainland China from 2015 to 2023, using an integrated frame-
work comprising talent service supply, demand, and environment. By combining the 
entropy-weight TOPSIS method, Dagum Gini coefficient decomposition, and coupling 
coordination analysis with a supplementary assessment of subsystem balance, the study 
examined the temporal evolution, spatial disparities, and multidimensional development 
characteristics of regional talent service systems.

Three main conclusions can be drawn. First, the overall level of regional talent ser-
vice development increased during the study period, although substantial geographical 
differences remained. The eastern region consistently exhibited the highest development 
level, while the western and northeastern regions generally lagged behind. Second, re-
gional disparities declined over time, as reflected in the decrease in the overall Dagum 
Gini coefficient from 0.276 in 2015 to 0.147 in 2023. Nevertheless, net between-region 
differences remained the largest contributor to overall inequality, indicating that the reduc-
tion in regional disparities did not eliminate the underlying spatial differentiation. Third, 
the coupling coordination degree increased across all four regions, but improvements in 
this composite indicator were not uniformly accompanied by greater subsystem balance. 
Although the national average CV declined from 0.487 to 0.432, the northeastern region 
experienced an increase in CV despite an improvement in its coupling coordination degree. 
These findings demonstrate the importance of distinguishing overall development, spatial 
disparities, and relative subsystem balance when evaluating regional talent service systems.

The robustness checks further indicated that the principal findings were generally 
consistent under alternative indicator-weighting and subsystem-weighting schemes, al-
though some regional comparisons remained sensitive to methodological choices. Overall, 
the study provides a multidimensional assessment of regional talent service development 
and highlights the relevance of considering both spatial inequality and internal structural 
balance when discussing sustainable regional development.

7.2. Policy Implications
The findings suggest that policies aimed at improving regional talent service systems 

should account for differences in development levels and subsystem characteristics across 
regions. In the eastern region, where talent service development and coupling coordina-
tion levels were relatively high, policy efforts could place greater emphasis on improving 
service quality, facilitating the sharing of talent service resources, and strengthening con-
nections between service provision and evolving industrial and innovation needs. In the 
central region, where the coupling coordination degree increased substantially, further 
improvements could focus on sustaining the development of talent service capacity while 
addressing remaining differences among the supply, demand, and environment subsystems. 
For the western region, which continued to exhibit relatively low development and coupling 
coordination levels, strengthening basic talent service capacity and supporting conditions 
may be particularly relevant. In the northeastern region, where the coupling coordination 
degree increased despite widening relative differences among subsystems, policy attention 
should extend beyond improvements in aggregate development levels to the identification 
and management of subsystem imbalances. These recommendations should be adapted to 
provincial conditions rather than applied uniformly across each broad geographical region.
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At the system level, policy evaluation should distinguish improvements in overall 
talent service development from changes in the relative balance among supply, demand, 
and environment. The findings indicate that increases in coupling coordination degrees 
do not necessarily imply a more balanced subsystem structure. Therefore, policymakers 
could consider monitoring subsystem development scores and relative dispersion alongside 
composite development and coordination indices to identify dimensions requiring further 
attention. Moreover, given that net between-region differences remained the dominant 
source of overall inequality, cross-regional cooperation and the sharing of talent service 
resources, information, and institutional experience may be useful policy directions for ad-
dressing persistent geographical disparities. However, as the present analysis is descriptive 
rather than causal, these policy implications should be interpreted as evidence-informed 
priorities rather than demonstrated effects of specific interventions.

7.3. Limitations and Future Research
This study has several limitations. First, the analysis is based on provincial-level data, 

which may conceal substantial differences among cities and metropolitan areas within 
the same province. The classification of provinces into four geographical regions may 
also obscure heterogeneity within these broad regional groups. Future research could 
employ city-level or other finer-scale data to examine the spatial distribution of talent 
service development in greater detail.

Second, the evaluation framework is constrained by the availability and comparability 
of longitudinal statistical data. Although the selected indicators capture multiple aspects of 
talent service supply, demand, and environment, they are primarily observable proxies and 
may not fully reflect actual service quality, accessibility, user satisfaction, or the effectiveness 
of talent service provision. The ecological environment is represented by days with good air 
quality alone, which limits the coverage of environmental sustainability. In addition, GDP 
per capita forms part of the index itself, so its correlation with the overall index involves 
measurement overlap and cannot serve as an independent validity test. Future studies could 
incorporate additional ecological and service-outcome indicators, clarify the boundaries 
among the three subsystems, and assess the index against external benchmarks not included 
in its construction.

Third, the entropy-weight TOPSIS and coupling coordination approaches involve 
methodological assumptions that may influence the resulting composite scores and regional 
comparisons. Although robustness checks using alternative weighting schemes generally 
supported the main findings, they do not eliminate uncertainty associated with indicator 
selection, normalization, weighting, or model specification. Entropy-derived weights reflect 
statistical variation rather than intrinsic importance, while coupling coordination degrees 
are descriptive composite measures rather than evidence of causal interactions or actual 
coordination effectiveness. Further work could compare alternative aggregation methods, 
examine the sensitivity of results to indicator composition, and use panel-data approaches 
that account for within-province dependence and shared time trends when evaluating 
relationships with external socioeconomic measures.

Finally, the present study identifies temporal and spatial patterns but does not establish 
the causal mechanisms underlying regional disparities or changes in subsystem develop-
ment. Future studies could employ spatial econometric models, longitudinal causal designs, 
or quasi-experimental approaches, where suitable data and identification conditions are 
available, to investigate the roles of industrial structure, innovation capacity, institutional 
support, and talent mobility. Comparative studies across countries or regions could also 
assess the applicability of the supply–demand–environment framework in different institu-
tional and developmental contexts.
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Appendix A 

Table A1. Measurement indicators of the talent service evaluation index system.

Dimension Indicator Measurement Data Source

Talent service 
supply

Relative scale of newly 
registered human resource 

service enterprises

Number of newly registered human 
resource service enterprises/Number 

of corporate legal entities
Qichacha

Scale of human resource 
service industrial parks

ln(1 + Number of human resource 
service industrial parks)

Publicly available information on 
provincial and municipal human 
resource service industrial parks

Share of social security and 
employment expenditure

Local government expenditure on 
social security and 

employment/Local general public 
budget expenditure

National Bureau of Statistics of China

Talent service 
demand

Relative scale of 
undergraduate graduates

Number of undergraduate 
graduates/Total population

Provincial education statistics 
published by the Ministry of 

Education of China; National Bureau 
of Statistics of China

Relative scale of postgraduate 
graduates

Number of postgraduate 
graduates/Total population

Provincial education statistics 
published by the Ministry of 

Education of China; National Bureau 
of Statistics of China

Relative scale of urban unit 
employees

Number of employees in urban 
units/Total population National Bureau of Statistics of China

Relative scale of corporate 
legal entities

Number of corporate legal 
entities/Total population National Bureau of Statistics of China
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Table A1. Cont.

Dimension Indicator Measurement Data Source

Share of high-tech enterprises
Number of high-tech 

enterprises/Number of corporate 
legal entities

EPS Data Platform (China High-tech 
Industry Database); National Bureau 

of Statistics of China

Relative scale of university 
R&D projects

Number of university R&D 
projects/Total population

EPS Data Platform (China Science 
and Technology Industry Database); 
National Bureau of Statistics of China

Talent service 
environment Economic development level GDP per capita National Bureau of Statistics of China

Openness level Total imports and exports/Regional 
GDP National Bureau of Statistics of China

Relative scale of broadband 
access subscribers

Number of broadband internet 
subscribers/Total population National Bureau of Statistics of China

Scale of higher education 
resources

Number of regular higher education 
institutions

Provincial education statistics 
published by the Ministry of 

Education of China

Number of beds in healthcare 
institutions

Number of beds in healthcare 
institutions National Bureau of Statistics of China

Per capita urban road area Per capita urban road area National Bureau of Statistics of China

Days with good air quality Number of days with air quality 
meeting Grade II or above

EPS Data Platform (China 
Macroeconomic Database)

Table A2. Information entropy, information utility, and entropy weights of the evaluation indicators.

First-Level 
Dimension Weight Second-Level 

Dimension Weight Third-Level Indicator Weight

Talent service 
supply 0.215

Professional service 
supply 0.181

Relative scale of newly registered human 
resource service enterprises 0.068

Scale of human resource service industrial parks 0.113

Public service supply 0.034 Share of social security and employment 
expenditure 0.034

Talent service 
demand 0.489

Individual-level 
potential service 

demand
0.266

Relative scale of undergraduate graduates 0.037

Relative scale of postgraduate graduates 0.149

Relative scale of urban unit employees 0.081

Organizational-level 
potential service 

demand
0.222

Relative scale of corporate legal entities 0.058

Share of high-tech enterprises 0.066

Relative scale of university R&D projects 0.099

Talent service 
environment 0.297

Economic 
environment 0.141

Economic development level 0.058

Openness level 0.084

Digital infrastructure 0.028 Relative scale of broadband access subscribers 0.028

Educational 
resources 0.034 Scale of higher education resources 0.034

Healthcare 
conditions 0.055 Number of beds in healthcare institutions 0.055

Transportation 
conditions 0.018 Per capita urban road area 0.018

Ecological 
environment 0.020 Days with good air quality 0.020
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