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Abstract

This study examines the evolution of the Yellow River Basin’s urban corporate network
from 2003 to 2023, aiming to understand how intercity connectivity and decision-making
authority have developed. Using headquarters—subsidiary linkages of listed firms, we
measure connectivity and control of cities within the urban system and employ spatial error
models to identify their main determinants. The results show that the network has become
denser and more geographically inclusive, especially in the middle and lower reaches.
However, a clear hierarchy remains, and upstream integration stays limited. Community
structures are anchored by capitals, and multi-core patterns strengthen over time. Coastal
hubs in Shandong handle the most significant volumes of ties, while interior capitals such
as Zhengzhou, Lanzhou, Xi'an, and Taiyuan concentrate authority—a contrast that has
intensified since 2013. Connectivity and control often diverge, and disparities in both
have increased. Administrative rank remains the strongest predictor of a city’s position,
although its influence has decreased as factors such as openness, development, producer
services, and innovation have gained importance. Transportation accessibility and human
capital consistently support both connectivity and control, while government intervention
initially restricts network roles but becomes less influential over time. These findings
suggest that intercity corporate linkages have expanded, yet decision-making authority
has not dispersed and remains concentrated in a small set of capitals. Governance that
coordinates across provinces is necessary to ensure that increasing linkages translate into
shared economic opportunities while protecting the basin’s fragile ecological environment.

Keywords: Yellow River Basin; urban network; corporate networks; connectivity; control;
power structures; spatial error models; regional development; governance

1. Introduction

Urban systems research has long debated how cities and towns are organized, con-
nected, and distinguished within regional and global structures [1-3]. Classical approaches
emphasized hierarchical organization based on settlement size and service functions [1].
More recent relational perspectives view cities as interdependent nodes through which
flows of capital, services, and information circulate [2—4]. These perspectives indicate that
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hierarchical order and networked interaction coexist, and that some cities gain prominence
through extensive linkages while others remain dependent even when highly connected [5].

China’s rapid urbanization provides an important context for examining how hier-
archical and relational forces shape the organization of intercity linkages. Over the past
four decades, intercity linkages have intensified, while administrative hierarchies and
governance arrangements have continued to concentrate authority in key political and
economic centers [6,7]. These patterns suggest that the expansion of relational connections
does not necessarily produce a more balanced distribution of control.

The Yellow River Basin (YRB) represents a region of national importance that has
received limited empirical attention. Although it occupies a central role in China’s devel-
opment strategy that combines ecological protection, industrial upgrading, and regional
coordination, systematic analysis of how its cities are connected in the process of regional
development, especially through corporate linkages, remains scarce. The basin’s cities differ
markedly in administrative status, industrial capacity, and external integration, creating
an uneven landscape of opportunity and influence. These conditions make the region an
instructive case for examining how corporate control and firm networks shape the spatial
hierarchy and functional organization of cities within a regional system.

This study addresses that gap by examining the evolving characteristics of the urban
network in the YRB using data on headquarters and subsidiaries of listed firms. The goals
are twofold. First, the study measures the structural characteristics of the urban network
and identifies its power hierarchy using directed alter-based centrality and directed alter-
based power. These measures distinguish between connectivity and authority and trace
changes in cities’ positions over the past two decades [5,8,9]. Second, it evaluates the factors
that influence the centrality or power of cities in the network. Spatial error models are
used to examine how administrative rank, openness, economic development, producer
services, innovation, transportation infrastructure, digital infrastructure, human capital,
and government intervention explain differences in connectivity and control.

The study provides three main contributions. First, it situates the YRB within broader
discussions on hierarchy and relationships, demonstrating how both factors influence
uneven growth in a rapidly changing region. Second, it offers the first long-term analysis
of the basin’s corporate network, clarifying whether increased participation has expanded
or strengthened authority. Third, it identifies the factors that explain why some cities have
advanced to more influential roles while others remain dependent. The findings contribute
to comparative research on urban networks and inform policy debates on coordinated
development and governance across China’s major regions.

2. Literature Review

Urban network research has shifted from models based on size and hierarchy to
relational approaches emphasizing intercity flows, organizational infrastructures, and
institutions [4,10-13]. Classic frameworks clarified settlement patterns but saw cities as
isolated units, while relational views consider them as nodes within complex, multi-scale
networks involving people, capital, services, and information, where flows drive both
integration and inequality. Corporate ownership ties are particularly insightful because
they reveal where authority resides and how control shifts. In China, evidence suggests
that administrative rank, producer services, transportation, digital infrastructure, and
governance arrangements influence the lasting impact of connectivity. The YRB is a key
example where national strategy and scholarship meet in this debate.
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2.1. Relational Urban Systems: Theory and Organization

Early research on urban systems focused on hierarchical structure. Central Place
Theory formalized relationships between city size, service areas, and hinterland reach,
providing lasting insights into spatial order but minimizing the connections that support
interdependence [1]. As global and national economies grew more networked, scholars
argued that understanding city systems required examining the flows linking them. Rooted
in monocentricity, Central Place Theory emphasized vertical dependence of smaller places
on larger ones, with little attention to horizontal ties among peers [11,13].

Built upon the momentum of the world city network (WCN) research of the 1980s, the
notion of “urban networks” emerged as a new research paradigm in the 1990s [2-4,10]. In
contrast to hierarchy-based models such as Central Place Theory, network perspectives
emphasize polycentric forms in which cities of similar size are linked, arguing that hierarchy
captures only part of interurban dynamics and must be complemented by horizontal
relations [14]. This approach recasts “centrality” as a relational dimension rather than a
mere function of size. To be sure, network analysis does not dismiss hierarchy; the WCN
literature, for example, has revealed different levels of hierarchy and power within the
world city system [15-17].

The WCN framework positions advanced producer services (APS) at its core, high-
lighting how finance, law, accounting, and consulting facilitate corporate coordination
across borders and concentrate decision-making in a few key cities [12,18]. This approach
facilitates cross-national comparisons, highlights globalization hubs, and maps intercity hi-
erarchies. Studies using flows (e.g., population flows, air traffic) demonstrate how different
operationalizations reveal connectivity and hierarchy, while also highlighting methodologi-
cal limitations [14,19-22]. Sector-specific analyses (e.g., media industries) further indicate
how specialization concentrates nodal importance [23].

Corporate networks expand this discussion by showing how companies assign higher-
level functions and coordinate activities across different locations. Headquarters—subsidiary
relationships reflect decisions about where control is centralized and how dispersed opera-
tions are managed, distinguishing sites that mainly host activities from those that oversee
them [6,24]. Because these relationships are organizational, they provide more direct evi-
dence of command and dependence than mobility or infrastructure flows, which often only
indicate participation.

The WCN framework has sparked debate. While it uncovers patterns of connectivity,
it can blur the distinction between centrality and influence, as some highly connected
nodes primarily serve as conduits rather than command centers, as observed in studies
of airline flows and global media networks. Critiques of early WCN applications argue
that connectivity does not necessarily mean authority and that degree-based measures
can overestimate the importance of cities that primarily host offices for client markets. In
response, scholars have developed measures that weigh ties by partner characteristics
and, importantly, incorporate directionality, distinguishing between access and control, as
well as throughput and command [5,8]. Recent research on intercity ties has found that as
connections grow stronger, participation can increase. At the same time, decision-making
authority remains concentrated in a few key cities [15,25,26].

2.2. China’s Urban Networks: Flows and Institutions

China, a country that has experienced unprecedented social and economic transfor-
mations over the past few decades, features a large and rapidly expanding urban system
that has garnered significant research interest. Studies on cross-regional investment by
enterprises have found that investments across cities have increased significantly over
time. While capital flows have shown a trend toward greater dispersion and diversification,
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first-tier cities in China’s urban system, such as Beijing, Shanghai, Shenzhen, Chongqing,
and Guangzhou, still maintain the highest level of centrality and attractiveness [27,28].

Recently, more studies have explored urban networks in China through the lens of
corporate networks (especially office networks of producer services). Some research em-
ploying the WCN method has positioned Chinese cities within office networks, highlighting
the dominance of a few cities (e.g., Beijing, Shanghai, and Shenzhen), while also noting the
growth of some second-tier nodes [29-31]. However, APS-only views risk overstating con-
trol when offices primarily serve local clients. To address this, researchers have diversified
data sources to better capture the different dynamics underlying intercity relationships.
Researchers have used high-frequency mobility datasets from Tencent, Baidu, and Weibo
to analyze urban networks in China. These data highlight labor-market ties and household
strategies more than organizational control [32-34]. Transportation studies indicate that
high-speed rail (HSR) and aviation reduce time-space distances but can also reinforce hub
dominance, as accessibility improvements primarily benefit established centers [35-38].

Digital and information flows introduce another organizing logic for urban networks.
Analyses of social media and platform data reveal emerging communities and unexpected
hubs, indicating evolving forms of integration that may precede or differ from physi-
cal infrastructure [39,40]. Innovation and knowledge networks show selective inland
strengthening, most notably in Xi’an, where universities and research institutes support
collaborations, although national concentration remains strongest in coastal regions [41,42].

Corporate and financial ties reinforce organizational structures. Ownership links, in-
tercity investments, and headquarters—subsidiary relationships clarify where coordination
occurs and how capital flows contribute to uneven development [43-45]. Registration-based
datasets help trace corporate relationships over longer periods and, when directionality is
included, better distinguish between initiating and hosting roles. Overall, these elements
lead to two key points relevant to this study. First, connectivity has increased significantly
across China’s urban system, but authority remains highly unequal. Second, institutional
factors, especially administrative rank and governance structures, affect how flows translate
into lasting positional advantages.

2.3. The YRB as a Research Focus

In recent years, the YRB has gained importance in both policy and scholarship, espe-
cially since the 2019 designation of “ecological protection and high-quality development”
as a national strategy. The basin covers upstream, midstream, and downstream segments,
each with different resource endowments, industrial structures, and ecological challenges.
Compared to coastal areas, the YRB has historically been less integrated in terms of flow
density, service intensity, and international reach. Recent research suggests that integration
has improved but remains uneven.

Studies on mobility, tourism, and information flows reveal increased cross-provincial
connections alongside ongoing reliance on capitals such as Zhengzhou, Xi’an, and
Jinan [46—49]. These studies consistently show that communities often conform to ad-
ministrative boundaries, and corridor effects tend to gather around gateway cities. Trans-
port analyses emphasize accessibility improvements from high-speed rail and highway
routes but also warn that enhanced connectivity alone does not eliminate disparities in
influence [43,50,51]. Innovation and knowledge networks are demonstrating selective
strengthening in inland areas, such as Xi’an and Zhengzhou, although many prefectures
still lack robust research and advanced services [52].

Although such studies remain limited, firm- and service-related linkages offer a
valuable lens for analyzing how intercity functions are organized in the basin. Research
on producer-service networks, tourism under high-speed rail, and composite multi-flow
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measures indicates that provincial capitals serve as anchors and coordinators of relations. At
the same time, many secondary prefectures primarily participate as connectors rather than
hosts of higher-order functions [53,54]. Multi-core patterns are emerging with Zhengzhou
and Xi’an extending midstream reach, and Jinan and Qingdao strengthening Shandong’s
outward connections through denser corridors and more cross-provincial ties. Yet a hub’s
scale of connections does not always match its coordinative role. Some cities primarily
channel large numbers of links due to their industrial depth, logistics assets, and market
access, whereas provincial capitals more often provide the institutional settings where
decisions are made and resources are allocated [53,54].

2.4. Insights and Research Focus

The literature highlights three main points that guide this study. First, participation
and power must be distinguished from each other. Cities can accumulate many ties yet
remain structurally dependent, so greater connectivity does not automatically imply local
command [6,7,39]. This distinction can be operationalized using alter-based metrics. Sec-
ond, institutional conditions shape how connectivity translates into advantage. Factors such
as administrative rank, the strength of producer services, and governance arrangements
often determine whether intercity linkages turn into durable advantages. Infrastructure
and human capital help create the conditions for upgrading, but on their own, they are not
enough to guarantee it [7,28,42]. Third, different flows illuminate different facets of intercity
relations, and most indicators capture participation or accessibility rather than control.
Corporate headquarters—subsidiary linkages add value because they encode decision rights
and indicate where authority is rooted [15,20,44,55]. In this study, these connections are
used to evaluate cities’ connectivity and power within the YRB corporate network.

Building on these insights, the study analyzes the YRB’s corporate network from
2003 to 2023 by examining headquarters—subsidiary relationships among A-share listed
firms. Spatial error models are used to test how city attributes, such as administrative
rank, openness, economic development, producer services, innovation, transportation
infrastructure, information infrastructure, human capital, and government expenditure,
explain the outcomes. The analysis examines how the YRB'’s corporate network has evolved,
whether highly connected cities also hold significant power, how communities align with
administrative and upstream-downstream divisions, and which attributes influence this
variation.

3. Materials and Methods
3.1. Study Area and Data Source

To provide an overview of the methodological process, Figure 1 summarizes the
study’s workflow from data collection to analysis.

The Yellow River originates from the Qinghai-Tibetan Plateau and flows into the Gulf
of Bohai north of the Shandong Peninsula. It traverses nine provinces (specifically, seven
provinces and two autonomous regions), including Qinghai, Sichuan, Gansu, Ningxia,
Inner Mongolia, Shaanxi, Shanxi, Henan, and Shandong. In this study, the term “Yellow
River Basin” is used broadly to refer to this large region comprising these nine provincial
units. The analysis concentrates on prefectural-level cities. Sichuan Province is excluded
because it is already part of the Yangtze River Economic Belt, a major growth hub and
development axis in China’s T-shaped development strategy [56]. Additionally, the two
prefectural regions within Sichuan through which the Yellow River flows—the Aba Tibetan
and Qiang and Garzé Tibetan autonomous regions—make up only 0.7% of the population
and 0.3% of the GDP of the nine provincial units. For similar reasons, the four prefectural-
level divisions in eastern Inner Mongolia, including Hulunbuir, Hinggan League, Tongliao,
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and Chifeng, are excluded since they are traditionally considered part of Northeast China
and are included in the country’s Northeast Revitalization Strategy. Overall, the study area
encompasses 89 prefectural cities across eight provinces: Qinghai, Gansu, Ningxia, and
Inner Mongolia in the upper reaches; Shaanxi and Shanxi in the middle; and Henan and
Shandong in the lower reaches of the Yellow River Basin (see Figure 2).

Start and scope
Yellow River Basin study area and time frame 2003-2023.

!

Data collection and preparation
Identify A-share listed firms in the YRB; extract
HQ-subsidiary ties from TianYanCha and
GuoTaiAn; clean and filter data; compile
socioeconomic indicators.

!

Network construction
Nodes are prefectural-level cities; edges are directed, weighted HQ-subsidiary
links; restricted to the YRB scope.

l

Network analysis
Compute DAC and DAP; map patterns and communities; compare 2003, 2013,
and 2023.

Model selection and diagn
Test spatial autocorrelation
(Moran’s I); estimate OLS, SLM,
and SEM; retain SEM based on
diagnostics.

Interpretation and validation
Compare connectivity and control; assess determinants and robustness;
discuss policy implications.

Figure 1. Workflow of the study from data collection to analysis.
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Figure 2. The Yellow River Basin.
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To analyze corporate networks in the YRB region, we used data on companies listed on the
A-share of the Shanghai and Shenzhen stock exchanges. These firms are either headquartered
in or have subsidiaries within the YRB. As of 2023, there were a total of 5968 companies
listed on China’s A-share market. We first identified the firms headquartered in the YRB
using TianYanCha, a popular business data and enterprise information platform. Python
(version 3.11.3) scripts were then used to extract data on their affiliated subsidiaries. Firms were
excluded from the analysis if they lacked subsidiaries in the YRB or if their subsidiaries were
located in the same city as the parent company. After applying these criteria, we identified
375 firms with a total of 1143 subsidiaries. Information on entity relationships and attributes,
such as affiliation data (e.g., parent companies versus subsidiaries) and ownership details, was
obtained from the GuoTaiAn Database, one of China’s largest financial and economic platforms.

We conducted a regression analysis to examine the factors that affect a city’s centrality
and network power. The socioeconomic variables used in the study were sourced from the
China City Statistical Yearbook (various years) [57-59] and the annual statistical bulletins
published by individual cities.

3.2. Network Centrality Analysis

Social network analysis (SNA) is frequently used to study urban networks. In SNA,
network centrality is an essential concept that determines a node or actor’s position within
the entire network. In urban networks, a city’s centrality reflects its intermediary role and
connection with other cities. High centrality indicates that a city is well-connected within
the network, allowing it to access resources, information, and influence through its links.

There are three types of centralities: degree centrality, betweenness centrality, and
closeness centrality. Degree centrality is the simplest and most commonly used measure of
node centrality in network analysis. It has two aspects: in-degree centrality and out-degree
centrality, which measure the incoming and outgoing links of a node, respectively. In urban
network studies, besides centrality, power is also often used to describe a city’s position
within the network. To distinguish centrality from power (or authority), Neal [5] argued
that centrality is generally viewed as a force that concentrates resources or enables their
efficient distribution. In contrast, power is seen as the ability to control the flow of resources
between cities. To account for the influence of indirect connections on node centrality,
Neal [5] introduced the concepts of recursive centrality and recursive power to consider the
effects of indirect links between cities on a city’s centrality and power. In a later publication,
Neal [6] renamed recursive centrality and recursive power as alter-based centrality and
alter-based power, respectively, where “alter” refers to the other cities to which a focal
city is connected. Building on Neal’s work [5,8], Zhao et al. [9] proposed methods for
calculating directed alternative centrality (DAC) and directed alternative power (DAP) in a
directed weighted network by incorporating the directionality of edges into the analysis.
To determine the DAC and DAP of a city, the in-degree and out-degree of the city are first
considered and calculated as follows [9,27]:

L =Y, L;_’? (1)
]

LEj =), L )
J

where LT, represents the number of subsidiaries established in city j by companies head-
kj

quartered in city k. LI; represents the in-degree of city j, measured as the total number of

subsidiaries set up in city j by companies headquartered in all other cities in the network

(i.e., the total number of links coming into city j). L7, represents the number of subsidiaries
ik

]
set up in City k by companies headquartered in City j. LE; stands for the out-degree of city
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j, measured by the total number of subsidiaries set up in all other cities in the network by
companies headquartered in city j (i.e., the total number of links emanating from city j).
The DAC and DAP are calculated using the following formulas:

DAC; = ¥, | L% xIn(L) + L5 x In(LE;) ®
ji g
L%
DAP; =) LIJ-ZJ' x In(LIj) @

3.3. Influencing Factor Analysis of Centrality and Power

After calculating DAC and DAP, we used regression models to examine the factors
influencing the positioning of cities in the YRB urban network across three time points: 2003,
2013, and 2023. Spatial data often show spatial dependence, meaning that values observed
in one location are correlated with those in nearby areas. When spatial autocorrelation
exists, applying Ordinary Least Squares (OLS) regression may lead to biased or invalid
estimates [60]. To check for spatial autocorrelation, we tested the two dependent variables,
including log-transformed DAC and DAP. The results indicated that the global Moran’s I
statistics were significant at the 1% level for all variables, except for INDAC in 2003, which
was statistically significant at the 10% level.

Two commonly used spatial regression models, including the spatial lag model (SLM)
and the spatial error model (SEM), are used to account for spatial autocorrelation. In this
study, we estimated three models: OLS, SLM, and SEM. Comparisons of model fit indicators,
including log likelihood ratio statistic (LogL), Akaike information criterion (AIC), and Schwarz
information criterion (SIC), along with the results from the Lagrange multiplier (LM) and
robust Lagrange multiplier (RLM) tests, indicated that the SEM provided the best fit among
the models evaluated. Accordingly, we selected the SEM as the preferred specification.

Following Anselin and Bera [60], the spatial error model is specified as:

Y=XpB+e ()

£=AWe+¢ 6)

where X is the matrix of explanatory variables, § is the regression coefficients, A is the spatial
autoregressive coefficient, W is the spatial weight matrix, ¢ is the spatially autoregressive error
term, and ¢ is the vector of independent disturbance terms representing a normal distribution.

We selected explanatory variables that represent several key dimensions: adminis-
trative hierarchy, government intervention, economic openness, population size, level of
economic development, industrial structure, and other relevant factors. Definitions and
descriptions of these variables are presented in Table 1.

The selection of these twelve influencing factors was based on three main consider-
ations, including insights from prior research, the socioeconomic and institutional char-
acteristics of the Yellow River Basin, and data availability. Existing studies on China’s
urban and corporate networks have repeatedly shown that administrative hierarchy, gov-
ernment intervention, openness, industrial structure, innovation, and human capital are
key determinants of intercity network positions. Additionally, transportation, informa-
tion infrastructure, and urbanization reflect conditions particularly relevant to the basin’s
development context, where accessibility, digital capacity, and demographic structure in-
fluence how cities participate in regional linkages. Finally, these indicators were chosen
because consistent, comparable data were available for all prefectural cities and time points
analyzed, ensuring the robustness of the spatial regression models.
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Table 1. Influencing Factors of Centrality and Power: Variables and Definitions.

Dependent

Explanatory

Variables Variables Description Measurement
POL Administrative hierarchy 1—provincial ca}())itals and yi.ce—provincial cities
—other cities
GOV Government intervention Government expenditure as a percentage of GDP (%)
TRA Economic openness FDI utilized ($10,000)
POP Population density Permanent population per square kilometer
GDP Economic development Per capita GDP (yuan)
DAC/ IND Industrial structure Percent of tertiary sector in GDP (%)
DAP INN Innovation Number of patents granted in the year
TRF Transportation Road freight volume (10,000 tons)
CAP Human capital College students per ten thousand population
PRA Employment Employed persons (10,000)
URB Urbanization level Percent of urban population
INT Information technology Households with internet access (10,000)

While various socioeconomic factors influence a city’s position within the urban
network, changes in that position (the dependent variable) may, in turn, impact the city’s
socioeconomic development. To address the potential endogeneity caused by reverse
causality, all explanatory variables were lagged by one period. To correct heteroscedasticity,
we applied logarithmic transformations to the data where appropriate.

To address heteroscedasticity, we applied logarithmic transformations to the data
where necessary. Pearson correlation coefficients were calculated to examine the relation-
ships between independent and dependent variables. Additionally, we computed variance
inflation factors (VIFs) to evaluate multicollinearity among the explanatory variables. The
results revealed significant correlations between the selected indicators and the dependent
variable. All VIF values were below 10, and tolerance values exceeded 0.1, indicating that
multicollinearity was not a significant concern in the analysis.

4. Results

4.1. Evolution of Urban Network Structures in the YRB
4.1.1. Changing Spatial Distribution of Headquarters—-Subsidiary Ties (2003-2023)

The past twenty years have seen a notable increase in the size and geographic range of
the Yellow River Basin’s (YRB) corporate network, as measured by headquarters—subsidiary
connections of publicly traded companies. The overall trend shows steady growth in the
number of firms, diversification of their geographic locations, and stronger links between
cities. However, disparities still exist among upstream, midstream, and downstream regions.

In 2003, there were 151 firm headquarters located in 35 prefectural cities across the
basin, along with 310 subsidiaries in 52 cities. By 2013, these numbers had nearly doubled,
with 273 headquarters in 47 cities and 662 subsidiaries in 73 cities. By 2023, the growth was
even more remarkable, with 375 headquarters in 54 cities and 1143 subsidiaries in 85 cities.
The increase in both headquarters and subsidiaries indicates that corporate networks have
become denser, more interconnected, and more geographically spread out, although the
upper reaches still lag in integration compared to the middle and lower reaches.

Spatial concentration remains strong, especially in Shandong Province. Ji'nan, Qing-
dao, and Yantai repeatedly hosted the most headquarters, highlighting the continued
dominance of Shandong’s coastal hubs. However, other cities outside Shandong experi-
enced the fastest growth, notably Zhengzhou, Xi’an, and Yinchuan. These gains reflect
improvements in transportation infrastructure, demographic momentum, and stronger
institutional capacity, making these cities more attractive as command locations. Subsidiary
expansion was most significant in Qingdao, Ji'nan, and Xi’an, showing their dual roles as



Urban Sci. 2025, 9, 465

10 of 23

command centers and outward corporate hubs. Meanwhile, subsidiaries became more
widely distributed across the basin, with notable growth in midstream and upstream cities,
indicating a gradual spatial spread.

Figure 3a—c illustrate the development of connections across five levels of linkage
strength. Over time, stronger ties become more common, but spatial differences stay. In
the lower-reach provinces of Shandong and Henan, most connections are of mid-strength
(levels 3-4), although some major cities still keep level 5 ties with weaker links. In Shaanxi
and Shanxi, weaker ties are more common, but key links between capitals and large
prefectures tend to be stronger (levels 2-3). The upstream area remains characterized by
sparse, weak ties, with peripheral nodes such as Hanzhong, Ankang, Haixi, and Yushu
maintaining limited connections to the larger network. Overall, the findings indicate that
although participation has increased, structural imbalances persist, with dense clusters in
the middle and lower reaches, and only moderate connectivity upstream.

a.2003

Weighted Degree Centrality Number of Connections

® 1-6 e 7-12 — 1 — 23
O 13-24 @ 2548 4-6 7-8 0 500 1000
@ 49-89 - 9-12 — km

Weighted Degree Centrality Number of Connections

e 17 ® 818 — 12 —> 35
O 1946  © 47-96 6-9 10-15 0 500 1000
@ 97-159 — 16-21 —km

Figure 3. Cont.
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c.2023

Weighted Degree Centrality Number of Connections

e 114 @ 1535 12 —»35
O 3667 @ 68-156 6-9 10-17 0 500 1000
@® 157276 —> 1829 M— i

Figure 3. (a) Weighted Degree Centrality of Cities in 2003; (b) Weighted Degree Centrality of Cities in
2013; (c) Weighted Degree Centrality of Cities in 2023.

This evolving pattern aligns with both hierarchical and relational perspectives dis-
cussed earlier. On one hand, the dominance of Shandong coastal nodes indicates a hier-
archical concentration of command functions in a few key regional capitals. On the other
hand, the increasing involvement of upstream and border cities reflects relational diffusion,
where connectivity extends beyond traditional cores, though unevenly. The coexistence of
these dynamics demonstrates how the basin’s urban system has become more inclusive yet
remains asymmetrically structured.

4.1.2. Community Structures and Cross-Provincial Linkages

Community detection analysis using the Gephi 0.10 program offers an additional perspec-
tive on the network’s organizational structure. Figure 4a shows that in 2003, six communities
could be identified, three of which displayed clear core—periphery structures centered on Jinan,
Zhengzhou, and Xi’'an. These communities crossed provincial borders, indicating that corporate
connections increasingly went beyond administrative boundaries. However, in each case, the
central city was a provincial capital, highlighting the persistent influence of administrative
hierarchy in shaping intercity relationships. This pattern supports the idea that relational
connectivity does not replace but rather overlays institutional and hierarchical structures.

By 2013, the number of communities had grown to seven (Figure 4b). Three com-
munities maintained strong core—periphery features, including a Ji'nan-centered group, a
Zhengzhou-Lanzhou dual-core group, and a Xi’an-centered group. These communities
increased in size and internal density, exhibiting stronger organizational ties. However,
their structure showed that, although relational flows crossed provincial borders, they
remained organized around administratively strong anchor nodes.

In 2023, seven communities were identified once again (Figure 4c). The three most
prominent core-periphery communities are centered on Ji'nan, Zhengzhou, and a dual
core of Taiyuan and Qingdao. The rise in Taiyuan-Qingdao as a dual hub underscores the
increasing significance of Shanxi and the coastal Shandong Peninsula, demonstrating that
multi-core structures can coexist alongside traditional capital-centered ones. These commu-
nities not only span multiple provinces but also present greater internal diversity, indicating
that relational connections across the basin are well-established. Meanwhile, communi-
ties centered around weaker cities mostly remain within a single province, reflecting the
ongoing influence of administrative boundaries.
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Figure 4. (a) Communities in the YRB Urban Network in 2003; (b) Communities in the YRB Urban
Network in 2013; (c) Communities in the YRB Urban Network in 2023.
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The evidence from community detection confirms that both hierarchy and relationality
influence the YRB’s corporate geography. Strong capitals expand cross-provincial reach and
coordinate extensive connections, while weaker nodes rely on within-province clustering.
This dual pattern supports the idea that urban integration in the YRB is organized by both
hierarchical order and relational flows, a conclusion that aligns closely with the theoretical
concepts discussed in the literature review.

4.2. Power Structure of Cities in the YRB Urban Network

The distinction between connectivity and control is crucial for understanding how
cities position themselves within the YRB corporate network. As noted earlier, DAC
measures a city’s outward organizational links, while DAP shows the influence a city has
over connected units. Both metrics increased from 2003 to 2023, but they did so in different
ways, illustrating that being well-connected does not automatically mean having control.

At the start of the study period, Ji'nan was the main connector and controller (see
Table 2). It was the only city with a DAC over 2000 in 2003 and also ranked first in DAP, a
dual leadership that combined both throughput and authority in one location. Lanzhou
served as an illustrative counterexample: despite having more limited connectivity, it held
the second-highest DAP, demonstrating that hierarchical and institutional capacities can
support authority even when relational reach is limited.

Table 2. TOP 20 Cities with Highest Centrality and Power, 2003, 2013, and 2023.

2003 2013 2023
City DAC City DAP City DAC City DAP City DAC City DAP
Ji'nan 2337 Ji'nan 6.55 Ji'nan 8151 Zhengzhou 9.80 Ji'nan 21,939 Zhengzhou 13.15
Linyi 1823 Taiyuan 6.11 Qingdao 5999 Lanzhou 7.16 Qingdao 16,709 Lanzhou 10.12
Qingdao 1702 Lanzhou 5.87 Zhengzhou 5382 Ji'nan 7.14 Yantai 13,464 Xi’an 8.89
Yantai 1428 Zhengzhou 4.68 Yantai 4346 Taiyuan 5.88 Zhengzhou 13,259 Taiyuan 8.46
Zhengzhou 1418 Xi’an 3.30 Weifang 3617 Xi’an 5.83 Weifang 9962 Ji'nan 7.89
Taiyuan 1080 Qingdao 3.14 Linfen 3138 Yantai 4.76 Linyi 9931 Xining 5.31
Xi’an 1013 Ordos 3.08 Xi’an 2903 Weifang 3.60 Xi’an 8640 Yantai 3.90
Zibo 783 Datong 2.87 Taiyuan 2894 Qingdao 3.22 Taiyuan 8463 Yinchuan 3.88
Xining 698 Yantai 2.86 Zibo 2483 Datong 2.37 Zibo 7359 Qingdao 3.57
Weifang 644 Yinchuan 1.76 Dongying 2427 Yinchuan 2.33 Tai’an 6488 Datong 2.31
Xianyang 596 Hohhot 1.33 Tai’an 2238 Luohe 1.96 Dongying 6237 Weifang 2.05
Dongying 582 Luohe 1.33 Lanzhou 2211 Xining 1.91 Heze 4909 Hohhot 1.65
Yinchuan 554 Jinzhong 111 Xining 1953 Hohhot 1.88 Xining 4881 Wuzhong 1.39
Heze 535 Xining 111 Linyi 1879 Ordos 1.32 Lanzhou 4489 Ordos 1.10
Lanzhou 453 Baiyin 1.00 Yinchuan 1626 Baiyin 1.05 Dezhou 4036 Tai’an 0.91
Tai’an 428 Wuzhong 0.78 Heze 1488 Wuzhong 1.03 Hohhot 3949 Luohe 0.81
Zaozhuang 410 Tai’an 0.61 Hohhot 1401 Longnan 1.00 Liaocheng 3928 Jiyuan 0.72
Luoyang 407 Alxa 0.50 Weihai 1398 Tai’an 0.87 Weihai 3893 Yuncheng 0.70
Liaocheng 403 Luoyang 0.50 Liaocheng 1320 Baotou 0.82 Xianyang 3705 Zibo 0.69
Linfen 338 Linfen 0.46 Xianyang 1278 Zibo 0.77 Luoyang 3608 Baotou 0.64

By 2013, the landscape of centrality had undergone significant changes. Ji'nan’s DAC
surpassed 8000, while Qingdao, Yantai, and Zhengzhou reached the top tier of connectors.
However, control shifted to become more inward-focused with Zhengzhou overtaking
Ji'nan at the top of the DAP rankings, followed closely by Lanzhou, Xi’an, and Taiyuan.
This decoupling persisted and strengthened through 2023. Ji'nan’s DAC grew to nearly
22,000, and Zhengzhou, Yantai, and Qingdao each exceeded 13,000, yet authority remained
concentrated in Zhengzhou, Lanzhou, Xi'an, and Taiyuan. Ji'nan’s DAP increased more
gradually compared to 2013. The stability of this control hierarchy, despite increased
connectivity, indicates that administrative status and institutional strength determine how
effectively cities convert links into authority.

This pattern, where connectivity exceeds authority on the coast and authority sur-
passes connectivity in the interior, aligns with theoretical expectations when relational
expansion occurs within long-standing hierarchical structures [4,26]. It reflects a stable divi-
sion of roles. Coastal hubs, such as Ji'nan, Qingdao, and Yantai, develop extensive ties due
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to their industrial strength, port logistics, and outward orientation, which attract operating
units and supplier linkages. These connections increase throughput and relational reach but
do not necessarily signal local command. Interior provincial capitals, such as Zhengzhou,
Xi’an, Lanzhou, and Taiyuan, concentrate higher-order functions because administrative
rank, institutional resources, and dense producer services reduce coordination costs for
multi-location firms. In short, the network distinguishes cities that move flows from those
where decision-making remains anchored. This contrast has sharpened over time. As
corridors thickened and participation widened, coastal nodes expanded their connector
roles, while capitals deepened their command roles. Community patterns are consistent
with this division. Capitals continue to anchor cross-provincial clusters even where coastal
hubs register the highest levels of connectivity. The system is therefore more connected
overall yet remains stratified by function, with throughput and authority concentrated in
different places.

Variations in both DAC and DAP increased over the course of twenty years, indicating
that inequality in connectivity and control has grown in tandem with overall network
densification. The standard deviations of both measures have increased, and the upper end
of the distribution has shifted further away from the median. In essence, this suggests that
although more cities are now part of corporate networks than before, a smaller group of
locations holds a disproportionately large share of command functions. The increase in
participants has not led to a proportional distribution of authority. Instead, control over re-
sources and decision-making has become more concentrated, particularly among provincial
capitals, which retain advantages related to administrative rank and policy influence.

Urban positionality provides an additional perspective on how connectivity and con-
trol intersect or fail to do so within specific cities. By analyzing the combined distribution
of DAC and DAP, the analysis categorizes YRB cities into four roles: leading, hub, gateway,
and peripheral. The overall shares are revealing, as leading and hub cities together account
for about one-third of the system, with leading cities comprising roughly 13-15 percent and
hubs 15-17 percent. Gateway cities are rare, making up only 3.5-10 percent, while most
cities remain peripheral at 58-86 percent. The rarity of gateway positions—that is, cities that
hold significant power despite limited connectivity—highlights how uncommon it is to find
places where institutional influence or unique location advantages can replace extensive
ties. Figure 5a—c illustrate the distribution of leading cities across space, highlighting their
location. These cities are deeply involved in intercity economic flows and have the capacity
to direct and redistribute resources, thereby shaping regional circulation.

Changes in positionality over time were selective rather than systemic. A few previ-
ously peripheral cities, such as Linfen, Baotou, Jining, Luoyang, and Dezhou, had risen to
hub status by 2023, typically following improvements in transportation, market access, and
integration with nearby cores. Wuzhong became a gateway, an example where adminis-
trative or strategic advantages allowed influence to grow faster than connectivity. Even
so, the dominant pattern was persistence: most peripheral cities remained peripheral, and
the leading group stayed small. This stickiness characterizes hierarchical systems where
institutional and infrastructural resources accumulate and cannot be quickly built.

Interpreting these patterns through the lens of hierarchy-relationality reveals three
interconnected dynamics. Relational expansion has clearly increased participation, with
more headquarters, subsidiaries, and intercity connections bringing in previously marginal
areas. However, hierarchy still influences who benefits most, as interior capitals strengthen
control while coastal hubs often serve as transit points. This divergence reflects a functional
division of labor, with some cities focusing on facilitating flows and others on exercising
authority, depending on whether their advantages lie in logistics and openness or in
administrative and institutional strength.
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Figure 5. (a) Categorization of Cities Based on DAC and DAP in 2003; (b) Categorization of Cities
Based on DAC and DAP in 2013; (c) Categorization of Cities Based on DAC and DAP in 2023.

The implications for basin integration are mixed. The rise in additional hubs indicates
broader participation, but the persistent dominance of a narrow DAP elite highlights the
limits of relational strengthening without more substantial institutional change. Commu-
nity structures also remain centered in capitals, whose administrative status and service
networks facilitate cross-provincial coordination, while smaller, weaker cities stay confined
to isolated clusters.

Overall, the evidence shows that connectivity does not guarantee influence. The list
of highly connected cities has grown, but control still mainly remains with a few capitals
that hold clear advantages. The YRB urban network is now both more connected and more
complex, with flows moving across the basin, yet power remains concentrated in key nodes.
This duality affects the region’s power structure and sets the stage for examining the factors
that influence power in the next section.

4.3. Influence Factors of Urban Network Structure in the YRB

This section explores the factors that determine cities’ positions within the YRB corpo-
rate network, focusing on how institutional hierarchy, market openness, infrastructure, and
factor endowments influence both connectivity (DAC) and control power (DAP).

Administrative hierarchy (POL) remains the most consistent and significant deter-
minant of network position, usually at the 1 percent level (5 percent for DAP in 2023)
(Table 3). Provincial capitals and vice-provincial cities have better access to policy tools,
infrastructure investment, and coordination mechanisms that lower firms’ transaction and
compliance costs. Higher administrative rank facilitates the establishment of subsidiaries,
combines fiscal and land incentives, and reduces regulatory barriers. These advantages
expand outward linkages (DAC) and attract command functions (DAP). The persistent
influence of POL shows that hierarchical institutions continue to determine how cities
benefit from growing connectivity rather than being replaced by it.
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Table 3. SEM Estimation Results for DAC and DAP.

Variables

DAC

DAP

2003

2013

2023

2003

2013

2023

Coef.

Std.
Err.

P>
It

Coef.

Std.
Err.

r>
It

Coef.

Std.
Err.

p>Iltl

Coef.

Std.
Err.

p>Itl

Coef.

Std.
Err.

p> It

Coef.

Std.
Err.

p>Itl

POL

2.690 ***

0.178

0.000

1.204 ***

0.257

0.000

0.479 **

0.196

0.015

0.335

0.000

1.783 ***

0.500

0.000

3.084 ***

0.403

0.000

2.690 ***

Gov

—6.092 *+*

1171

0.000

—3.089 ***

0.837

0.000

—1.149 **

0.567

0.043

2.226

0.046

—3.828 **

1.605

0.017

—4.473 ¥

1112

0.000

—6.292 ¥+

InTRA

0.016

0.037

0.670

0.087 **

0.040

0.030

0.060 *

0.035

0.087

0.073

0.361

0.065

0.075

0.381

0.072 ***

0.071

0.008

0.016

ror

—2.695

2.509

0.283

—6.177 **

2.481

0.013

—0.439

2.038

0.830

4.934

0.451

—2.905

4.686

0.535

—2713

3.973

0.495

—2.695

InGDP

—0.111**

0.056

0.049

0.152**

0.071

0.032

0.089 **

0.074

0.029

0.110

0.000

0.851 ***

0.137

0.000

0.987 ***

0.153

0.000

—0.111**

IND

3.621 ***

0.872

0.000

0.753 *

0.697

0.080

0.144**

0.107

0.016

1.661

0.056

0.817 **

1293

0.028

0.443 **

0.217

0.041

3.621 ***

InINN

—0.167 ***

0.034

0.000

0.376 ***

0.064

0.000

0.311 ***

0.060

0.000

0.067

0.000

0.311**

0.123

0.011

0.271**

0.120

0.024

—0.167 ***

InTRF

0.190 ***

0.057

0.001

0.355 ***

0.088

0.000

0.418 ***

0.077

0.000

0.110

0.000

0.002 *

0.167

0.088

0.846 ***

0.157

0.000

0.190 ***

InCAP

0.156 ***

0.048

0.001

0.372 ***

0.071

0.000

0.339 ***

0.081

0.000

0.093

0.017

0.046 **

0.137

0.040

0.548

0.164

0.001

0.156 ***

InPRA

—0.059

0.065

0.362

—0.285 ***

0.066

0.000

—0.116 *

0.068

0.085

0.126

0.124

—0.290 **

0.123

0.018

—0.292 **

0.130

0.024

—0.059

URB

—0.001

0.003

0.761

—0.013 ***

0.005

0.010

—0.003 **

0.005

0.039

0.005

0.029

0.065 ***

0.009

0.000

0.018 **

0.009

0.048

—0.001

InINT

0.009

0.053

0.867

0.120

0.131

0.361

0.092

0.075

0.223

0.101

0.077

0.700 ***

0.252

0.005

0.497 ***

0.149

0.001

0.009

0.746

0.975

0.986

0.694

0.646

0.714

*,** and *** represent significance at levels of 10%, 5%, and 1%, respectively.

Government intervention (GOV), measured as government expenditure as a share of
GDP, initially has a negative impact on DAC and DAP, but this effect diminishes over time.
Cities with higher government spending initially attracted fewer multi-site connections and
had less corporate control, suggesting higher coordination costs or weaker private-sector
incentives. As the regional economy diversified and fiscal systems became more stable, this
limitation lessened, indicating that an initially strong government presence became less
restrictive as market conditions improved.

Economic openness (TRA), measured by utilized FDI, becomes increasingly important
over time. In 2003, its impact was weak, but by 2013 and 2023, it emerged as a significant
positive predictor. Early openness mainly increased the number and diversity of intercity
exchanges, boosting DAC. As cross-border activities matured, openness also supported
advanced producer services and managerial expertise, helping turn participation into
authority, as reflected in higher DAP values.

Economic development (GDP) follows a similar pattern. In 2003, the coefficients were
weak or inconsistent because some lower-GDP cities hosted historically embedded listed
firms within an early, sparse network. As the corporate system grew, per capita GDP
became a strong positive predictor of both DAC and DAP. Higher development levels
signify larger markets, better infrastructure, and a more efficient business environment, all
of which lower coordination costs and encourage both connection and control.

Industrial structure (IND), measured by the share of the tertiary sector in GDP,
also changes over time. In 2003, service orientation was positively related to DAC but
weakly or negatively related to DAP, indicating that early tertiarization was driven by
routine services that created linkages without enhancing command functions. By 2013
and 2023, the coefficients become positive and significant for both, reflecting the growth of
finance, legal, IT, and logistics services that support multi-establishment management and
corporate coordination.

Innovation capacity (INN), measured by patent grants, shifts from negative to positive.
The negative coefficient in 2003 reflects the limited distribution of inventive activity and
its weak link to firms’ organizational networks. By 2013 and 2023, innovation becomes
a significant positive factor for both DAC and DAP, demonstrating that stronger local
knowledge ecosystems foster participation in intercity flows and higher-order coordination.
Innovation thus evolves from a symbolic indicator to a substantial capability supporting
both connectivity and authority.
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Transportation (TRF) and human capital (CAP) consistently remain strong and posi-
tive. Road-freight volume reflects logistics capacity and integration into regional supply
chains. Higher freight volumes indicate denser logistics networks that enhance operational
efficiency and support multi-establishment growth. Similarly, human capital, measured
by college students per ten thousand residents, captures the availability of skilled la-
bor supporting managerial, analytical, and technical roles. Together, these two variables
enable cities to act as both connectors and controllers rather than passive nodes in the
corporate system.

Employment size (PRA) does not significantly impact either DAC or DAP. Although
employment typically correlates with city size, China’s administrative definition of cities
includes large rural areas, so high employment figures often reflect dispersed or low-wage
labor rather than producer services or headquarters functions. For example, Linyi and Heze
have large populations but low urbanization levels and are not major hubs for listed-firm
headquarters. Therefore, size alone does not determine network importance.

Urbanization level (URB) yields mixed results. It is insignificant for DAC in 2003
and turns negatively related in 2013 and 2023, aligning with the basin’s relatively low
urbanization and uneven industrial structure, which may limit intercity connectivity even
in more urbanized prefectures. In contrast, URB is positively and significantly connected to
DAP, suggesting that stronger urban services and administrative capacity improve local
coordination and resource concentration. This finding supports the study’s distinction
between connectivity and control, showing that urbanization contributes more to authority
than to outward reach.

Information infrastructure (INT), measured by the number of households with internet
access, correlates more strongly with DAP than with DAC. Broader internet penetration
reduces communication costs and enhances real-time coordination and monitoring. These
capabilities mainly strengthen managerial oversight rather than expand intercity links,
indicating that digital infrastructure reinforces control functions more than relational reach.

Overall, the SEM results demonstrate that hierarchical institutions form the foundation
of network advantage, while openness, development, services, innovation, infrastructure,
and human capital shape how cities translate participation into influence. The changing
coefficients from 2003 to 2023 show a gradual shift: administrative status was the primary
factor early on, but market-oriented and capability-based factors gained significance later,
although they never replaced institutional advantages.

Robustness checks verify these interpretations. Re-estimating the models with differ-
ent spatial-weight matrices based on geographic distance yields similar coefficient signs
and significance levels, indicating that the results are not tied to a specific neighborhood
structure. The consistency across different specifications strengthens confidence that the
observed relationships between hierarchy, openness, capabilities, and network outcomes
are stable features of the YRB system rather than artifacts of model selection.

Taken together, the findings show that hierarchy and relational growth develop si-
multaneously in the YRB. Administrative institutions continue to influence the conditions
under which cities benefit from connectivity, while openness, innovation, infrastructure,
and human capital determine which cities are best able to turn participation into authority.
This pattern highlights how institutional and market forces together maintain uneven
development even as intercity linkages expand.

5. Discussion and Conclusion

This study analyzed the corporate network of the Yellow River Basin from 2003
to 2023, focusing on the headquarters—subsidiary relationships of listed companies and
employing spatial error models. The network became denser and more geographically



Urban Sci. 2025, 9, 465

19 of 23

varied, although some gaps still exist. Connectivity grew most rapidly in the middle and
lower reaches, while upstream areas integrated at a slower pace.

A clear hierarchy persists. Many cities serve secondary roles, with provincial capitals
and important prefectural centers supporting communities, while decision-making power
remains concentrated in a few central interior locations. Connectivity and influence are
not always aligned. Coastal hubs in Shandong have established extensive networks and
managed throughput, while Zhengzhou, Xi’an, Lanzhou, and Taiyuan have strengthened
their command functions.

Although coastal hubs register the highest volumes of ties, while interior capitals
hold more authority, this is not a contradiction but a division of roles. Coastal cities excel
at moving flows due to their industrial depth, logistics assets, and outward orientation,
which attract operating units and supplier links. Capitals concentrate control because
administrative rank and denser producer services lower coordination costs for multi-
location firms. As participation widened after 2013, these roles became more distinct rather
than converging.

These community patterns are consistent with the division between connectors and
command centers. Capitals continue to anchor the most stable communities, even in areas
where coastal hubs boast the highest connectivity. Evaluation should therefore track both
the spread of ties and the location of higher-order functions, since broader participation
can coexist with concentrated control.

Results from the explanatory models show that administrative rank is a strong pre-
dictor of position, although its influence gradually decreases. Openness, economic de-
velopment, producer services, and innovation become more important as the network
matures. Transportation infrastructure and human capital support both connectivity and
authority throughout all years. Employment size has limited explanatory power once the
administrative classification of prefectural cities is taken into account, and urbanization
exhibits mixed effects. Information infrastructure is more closely linked to authority than
to connectivity. Government intervention, measured as government expenditure as a share
of GDP, is negatively related to network position during the early period, and this impact
lessens as economies grow and fiscal structures stabilize. Overall, institutions form the
foundation for advantage, while capabilities and market conditions determine whether
cities convert connectivity into authority.

Two limitations highlight areas for future research. First, the analysis grouped indus-
tries, potentially masking sector-specific differences in how intercity connections influence
authority. Second, focusing on headquarters—subsidiary relationships captures vertical
links within firms but overlooks lateral connections like partnerships, supply chains, and
co-investments. Future research can differentiate by sector and include both vertical and
horizontal corporate relationships, such as supply chain linkages, to gain a more complete
understanding of how corporate linkages affect intercity connectivity and the distribution
of control within the regional urban system. Additionally, future studies could use eigenvec-
tor or eigenvalue centrality to analyze how authority is distributed across interconnected
cities and employ longitudinal methods to track changes in corporate organization as data
coverage improves. Addressing these limitations would enhance the empirical foundation
for policy development and clarify the evolving spatial hierarchies within the basin.

Policy design should distinguish between expanding intercity connectivity and en-
hancing local control functions. Cities that already manage large networks require support
to transform connectivity into stronger decision-making capabilities. Key priorities include
developing advanced producer services, strengthening managerial and legal capacities,
and upgrading digital systems for real-time coordination. Cities with established authority
but limited connectivity need assistance to expand their outward reach. Corridor-focused
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logistics improvements, stronger intercity freight and data connections, and programs
linking local headquarters with a broader network of affiliates are essential.

Human capital and infrastructure are the most effective levers. Investments should
strengthen universities and vocational pipelines aligned with regional industries, expand
freight capacity and intermodal connections, and upgrade digital connectivity that supports
monitoring and planning. When innovation systems are weak, partnerships with leading
universities and national laboratories in Xi’an and Zhengzhou can accelerate knowledge
spillovers. When advanced services are lacking, targeted support for finance, legal, and
information services can help firms develop higher-level functions locally.

Taken together, these findings demonstrate that the Yellow River Basin’s corporate net-
work has become more connected and geographically inclusive, whereas decision-making
power remains concentrated in a few interior capitals. Administrative hierarchy still shapes
advantages, and openness, development, producer services, innovation, transportation,
information infrastructure, and human capital influence how cities turn participation into
authority. Connectivity and control do not always align, which explains how broader
participation can exist alongside concentrated power.

Regional coordination remains crucial. A polycentric structure anchored by Zhengzhou,
Jinan, Xi’an, Lanzhou, and Taiyuan, supported by sub-centers such as Qingdao, Yinchuan,
Xining, Hohhot, and Yantai, better fits the cross-provincial network. Coordinated corridor
planning reduces effective distances and prevents duplication, while shared data platforms
lower uncertainty for firms operating across jurisdictions. Basin governance should align
ecological protection with high-quality development. Joint monitoring and early warning
systems, clear upstream and downstream responsibilities, and compensation mechanisms
for ecological services can balance environmental aims with functional integration. A
basin plan endorsed at the national level would formalize these arrangements and offer
predictability for multi-site operations.
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