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Abstract: This study utilizes the joint bond joint underwriting data of China’s securities firms from
2011 to 2020 to systematically explore the evolutionary characteristics of China’s collaborative bond
joint underwriting networks from temporal, topological, and spatial dimensions. By employing
social network analysis, Ucinet, and ArcGIS, we construct a longitudinal network panel data to
quantitatively analyze the driving factors and their underlying mechanisms. The findings reveal
that, in terms of topological structure, China’s bond joint underwriting networks exhibit increasingly
mature, active, balanced, and accessible features, with domestic securities firms such as China
Securities Co., Ltd. emerging as the backbone and foreign-backed firms gradually fading. In the
spatial dimension, urban collaboration presents a transformation from triangular to butterfly-shaped,
quadrilateral, and ultimately multicore networks. At the regional scale, inter-regional collaboration
is most extensive between the eastern regions, followed by eastern–central regions, with eastern–
western and central–western regions relatively less engaged. At the urban scale, the central positions
of Beijing, Shenzhen, and Shanghai are gradually strengthening, and their external radiation scope is
expanding annually. The underlying mechanism driving this evolution is the increasing opportunities
for securities firms to establish and adjust their cooperative relationships due to the maturing and
active bond joint underwriting networks in China. To compensate for the opportunity cost of bond
joint underwriting and to maximize collaboration benefits, securities firms need to select potential
partners with close geographical proximity, similar business domains, larger underwriting scales,
“friends of friends,” and “network star” status, thereby promoting the continuous evolution of China’s
bond joint underwriting syndicates.

Keywords: securities firms; bond joint underwriting; cooperation network; evolution; stochastic
actor-oriented model

1. Introduction

In recent years, global capital markets have been continuously developing and evolv-
ing amidst turbulence. Securities firms, playing a vital role in promoting capital flow,
enhancing market efficiency, fostering financial innovation, and managing and diversifying
risks, have increasingly become the key driving force behind the growth and prosperity of
capital markets [1,2]. Business collaboration among securities firms has become a norm
due to considerations such as resource complementarity, risk diversification, market share
expansion, overall competitiveness enhancement, and cost reduction [3]. As the number of
securities firms surges and business volume correspondingly increases, the networked col-
laboration trends among them become increasingly evident. Adjustments in their business
collaborations, driven by regulatory changes, technological advancements, and market
dynamics, lead to the continuous evolution of securities firms’ collaborative networks [4].
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Delving into the evolutionary characteristics of these networks and systematically identi-
fying the driving factors behind their evolution is of great significance for strengthening
business cooperation among securities firms and promoting the healthy development of
their collaborative networks.

Bond markets, serving as one of the main avenues for enterprises to raise funds, play
a pivotal role in capital market operations [5]. In this regard, securities firms, as core
intermediaries in bond joint underwriting, are crucial to the development and prosperity
of bond markets. Effective cooperation among securities firms in bond underwriting is
essential for bond joint underwriting, capital market operations, and financial stability.
After more than two decades of growth, China’s bond market has become the second
largest globally, further elevating its importance in the international financial markets [6].
Hence, examining the evolutionary characteristics and driving factors of China’s bond joint
underwriting syndicates is necessary for optimizing the collaborative networks of Chinese
securities firms in bond joint underwriting and promoting the healthy development of
global bond and capital markets.

This study is divided into two parts: the multidimensional evolutionary characteristics
of China’s bond joint underwriting networks and the intrinsic mechanisms driving their
evolution. In the first part, we employ social network analysis, Ucinet, and ArcGIS analyt-
ical tools to analyze the evolutionary characteristics of China’s bond joint underwriting
networks from topological, spatial, and temporal dimensions. In the second part, we utilize
a stochastic actor-oriented model to quantitatively analyze the factors and underlying
mechanisms driving the aforementioned evolution. Compared to existing research, the
innovations of this study lie in (1) exploring the network’s evolutionary characteristics
from temporal, topological, and spatial dimensions, and (2) applying a newly established
stochastic actor-oriented model, leveraging network panel data, to investigate the intrinsic
mechanisms driving network evolution. This research aims to provide valuable theoretical
and practical insights for policymakers, market participants, and researchers.

2. Literature Review

The investigation of securities firms’ collaboration networks and their driving factors
has garnered significant attention from researchers and policymakers, particularly in the
context of a rapidly changing global financial market. An expanding body of literature has
been devoted to examining the mechanisms and determinants of collaboration networks
among securities firms.

First and foremost, numerous studies have sought to delineate the structure and char-
acteristics of collaboration networks in the securities industry. For example, Granovetter [7]
and Uzzi [8] have highlighted the importance of strong and weak ties in fostering trust and
information diffusion within networks, while Burt [9] has emphasized the role of structural
holes in facilitating brokerage opportunities for securities firms. Several empirical analyses
have corroborated these theoretical insights by examining the topology, centrality, and
clustering of collaboration networks in various financial markets [10–14].

In parallel, researchers have investigated the dynamics and evolution of securities firms’
collaboration networks over time. Longitudinal studies by Scholtens and Wensveen [15],
Fricke and Lux [16], and Newman [17] have documented the emergence of core–periphery
structures and the changing distribution of power within these networks. Recent work by
Zhou et al. [18], Hao et al. [19], Goyal and Vega-Redondo [20], and Battiston et al. [21] has
extended this line of inquiry by examining the role of network adaptation and resilience in
response to external shocks, such as the global financial crisis and regulatory changes.

A key concern in the literature has been to identify the driving factors behind the
formation and evolution of collaboration networks among securities firms. Several studies
have pointed to the importance of reputation, expertise, and trust as key determinants of
network ties [22–25]. Other research has emphasized the role of resource complementarities
and strategic alliances in shaping collaboration patterns [26–29].
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Moreover, studies by DiMaggio and Powell [30], Scott [31], Acemoglu et al. [32], and
Gai et al. [33] have underscored the influence of institutional factors, such as regulatory
pressures, market norms, and systemic risk, on the evolution of securities firms’ collab-
oration networks. Furthermore, research by Herring and Santomero [34], Rochet and
Tirole [35], and Goyal and Joshi [36] has examined the impact of financial innovation and
technological advances on network structures and inter-firm collaboration.

In summary, the growing body of literature on securities firms’ collaboration networks
highlights the complexity and multifaceted nature of the factors driving their formation and
evolution. However, there remains room for further expansion on existing research. Firstly,
studies on the evolution of securities firms’ cooperation networks generally focus more
on the topological structure, with less attention paid to the evolution of these networks
in the spatial dimension. Additionally, investigations into the factors driving network
evolution often overlook the impact of endogenous factors within the network. To further
supplement the existing literature, this paper examines the evolution characteristics of
securities firms’ cooperation networks by distinguishing between the topological and
spatial structures. Subsequently, it explores the temporal–spatial–topological evolution
characteristics of the Chinese securities bond joint underwriting network at the time
series level. In examining the factors influencing network evolution, this study applies the
stochastic actor-oriented (SAO) model, processing network evolution as longitudinal matrix
data and incorporating individual effects of securities firms and endogenous network effects
as independent variables, thereby enabling a systematic investigation of the driving factors
of network evolution.

3. Theoretical Analysis
3.1. Adequate Opportunity as a Prerequisite for Adjusting Collaborative Relationships

In the bond joint underwriting network x0 at time t, the basic premise for a securities
firm i to establish, adjust, or exit a particular collaborative relationship is the availability
of opportunities to carry out such actions. Snijders et al. [37] propose that, in dynamically
changing collaborative networks, the aforementioned opportunities are determined by the
rate function. The rate function depends on multiple factors, such as the current network
x0, future network x, individual characteristics of the securities firm v, and the external
environment w.The expression of the rate function is as follows:

P
{

x0 → x
}
= pi(x0, x, v, w, · · · ) =

exp( fi
(
x0, x, v, w, · · ·

)
)

∑x∈C(x0)
exp( fi(x0, x′, v, w, · · · )) (1)

In Equation (1), P
{

x0 → x
}

represents the opportunity for securities firm i to change
its collaborative relationship, where x0 and x denote the current and future collaborative
networks, respectively, v represents the individual characteristics of the securities firm, and
w represents external factors.

3.2. The Purpose of Adjusting Collaborative Relationships for Securities Firms Is to Maximize
Collaborative Utility

Suppose that securities firms i and j intend to establish a collaborative relationship xij.
For both i and j, the establishment of the collaborative relationship xij must maximize their
respective utilities. Overall, the establishment of a new collaborative relationship can only
be realized when both parties fully consider various factors and achieve the maximization
of their weighted utilities, thereby promoting the evolution of the collaborative network
from x0 to a new network x, where x ∈ C

(
x0). Snijders et al. [37,38] defined the objective

function for securities firms when selecting collaboration partners and simulated the
evolution of collaborative relationships based on the utility function. Similar to the rate
function, the magnitude of the utility function is also influenced by multiple factors, such as
the current network x0, the future network x, the individual characteristics of the securities
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firms v, and the external environment w. The expression of the utility function is defined
as follows:

fi(x0, x, v, w) = ∑k βkski

(
x0, x, v, w

)
(2)

In Equation (2), fi
(

x0, x, v, w
)

indicates the collaborative utility of firm i, βk represents
the coefficients of various influencing factors in the utility function, ski

(
x0, x, v, w

)
repre-

sents the influencing factors of the utility function for securities firms, x0 and x denote
the current and future collaborative networks, respectively, v represents the individual
characteristics of the securities firm, and w represents external factors.

Overall, the evolution of China’s bond joint underwriting network at the micro level
can be regarded as the result of each securities firm, acting as a node, making successive
decisions on how to adjust its collaborative relationships. The basic premise of this behavior
is that there are sufficient opportunities for adjusting collaborative relationships in the
network, as characterized by the rate function. The adjustment of collaborative relationships
depends on the magnitude of the utility function calculated by securities firms considering
both their own factors and network factors. To comprehensively estimate the rate and
utility functions involved in the evolution of the collaboration network, Snijders et al. [31]
developed the stochastic actor-oriented (SAO) model. When estimating parameters, the
SAO model, as a dependent variable for longitudinal network data, iterates coherently
for all nodes in the network data, simulating the continuous evolution of network data at
different time periods while corresponding each change in the dependent variable network
data with the change in the independent variable data, thereby achieving parameter
estimation [39]. Specifically, first, the SAO model can integrate the relevant parameters
of the collaborative networks at periods t and t + 1 to estimate the rate function; second,
based on the overall utility function (objective function) of securities firms, the SAO model
can estimate the parameters of the influence of various factors, such as the network factors
and individual factors of securities firms, on their decision making.

4. Data and Methodology
4.1. Data Source and Processing
4.1.1. Data Source

The data in this study were sourced from the Wind Economic Database. Considering
factors such as data availability and sample size, bond underwriting data from 2011–2020
within Mainland China was downloaded, including bond varieties such as corporate bonds,
company bonds, and asset-backed securities. A total of 13,158 bond underwriting records
were obtained, each containing bond name, issuance date, issuance amount, and all lead
underwriters involved in the bond issuance (including lead and co-lead underwriters).

4.1.2. Data Processing

(1) Data Cleaning: as this study focuses on the evolution of the bond joint underwriting
network, bond information solely underwritten by a single securities firm was removed,
retaining information on bonds jointly underwritten by two or more securities firms.

(2) Data Preprocessing: The retained bond information was uniformly processed into
pairwise collaborations between securities firms. If a bond was jointly underwritten by three
or more securities firms, corresponding processing was performed through permutations
and combinations.

(3) Construction of Collaboration Matrix: based on the pairwise collaboration bond
joint underwriting information, the bond joint underwriting matrix was constructed for
each year from 2011 to 2020.

(4) By excluding securities firms that reappear over the years, a total of 121 securities
firms engaged in bond joint underwriting from 2011 to 2020. Attribute information of the
121 securities firms was obtained using the Tianyancha app; the latitude and longitude
information of the firms’ headquarters were obtained using Python software in Baidu Maps
for future use.
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4.2. Research Method
4.2.1. Data Processing

This study applies social network analysis and its dedicated quantitative analysis
software, Ucinet, to construct and present the Chinese bond joint underwriting network
and systematically measure network indicators. In recent years, social network analysis,
specifically for quantitative analysis of relational data, has been increasingly used in
the field of economic management research [40–42]. As bond joint underwriting is a
typical network relationship issue, this study employed social network analysis to first
construct the Chinese bond joint underwriting matrix based on bond joint underwriting
data; subsequently, Ucinet, a specialized analysis software for social network analysis, was
utilized to perform quantitative measurements and interpretations of the network, which
formed the basis for summarizing the evolution characteristics of the Chinese bond joint
underwriting network.

4.2.2. Stochastic Actor-Oriented Model

This study employs the stochastic actor-oriented (SAO) model for parameter estima-
tion. The SAO model is an econometric model developed by Professor Snijders of Oxford
University and others in recent years, specifically for statistical inference and parameter
estimation using longitudinal network empirical data [43–45]. When estimating parame-
ters, the SAO model iterates coherently for all nodes in the network data as a dependent
variable for longitudinal network data, simulating the continuous evolution of network
data at different time periods while corresponding each change in the dependent variable
network data with the change in the independent variable data, thereby achieving parame-
ter estimation [39]. In this study, since the estimation of the underlying mechanism driving
the evolution of the Chinese bond joint underwriting network involved a large amount
of relational data, and severe multicollinearity existed among variables, conventional pa-
rameter estimation methods could not be used. The SAO model does not impose strict
requirements on the correlations between variables; even if there is a significant correlation
between variables, it does not affect the model’s parameter estimation, thus allowing for a
comprehensive and systematic parameter estimation of the interactions between variables.

4.3. Model Specification

The RSiena software was employed to estimate the parameters of the SAO model. The
dependent variables, independent variables, and control variables were set as follows:

4.3.1. Dependent Variables

The dependent variables consist of 10 longitudinal cooperation matrices from 2011 to
2020, with both the rows and columns representing the 121 securities firms. These matrices
are denoted as Yt

n×n(t ∈ 2011–2020; n = 121).

4.3.2. Independent Variables

Eight indicators were selected as independent variables, encompassing individual
effects of securities firms and network endogenous effects (Table 1).

Table 1. Independent Variables.

Variables Description Data Type

Geographic Similarity Proximity of the securities firm’s geographical location Matrix (n × n)
Domain Similarity Similarity of key underwriting areas of securities firms Matrix (n × n)
Institutional Similarity Similarity of institutional attributes of securities firms Matrix (n × n)
Organizational Similarity Whether the securities firms have a related relationship Matrix (n × n)
Experience Heterogeneity The number of times securities firms appear in the network Vector (n × 1)
Scale Heterogeneity The logarithm of the number of bonds underwritten by a securities firm Vector (n × 1)
Structural Embeddedness Number of securities firms forming ternary closure structures Vector (n × 1)

Preferential Attachment Comprehensive value of cooperation breadth and intensity of
securities firms Vector (n × 1)
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4.3.3. Control Variables

Referring to existing research [46–48], the density effect of the cooperation network
was used as a control variable, with the data type being vector data (n × 1).

4.4. Variable Measurement
4.4.1. Dependent Variables

The 10 longitudinal cooperation matrices from 2011 to 2020 are all binary matrices.
The 0–1 variables were determined by examining the bond joint underwriting data from
2011 to 2020 to identify whether there was a bond joint underwriting relationship between
the 121 securities firms. If a cooperation relationship existed in the corresponding year, it
was denoted as 1; if not, it was denoted as 0. This results in 10 longitudinal cooperation
matrices, denoted as Yt

n×n(t ∈ 2011–2020; n = 121).

4.4.2. Independent Variables

(1) Individual Effects

Individual effects encompass both homogeneity and heterogeneity aspects. Homo-
geneity mainly considers geographic, domain, institutional, and organizational similarity
between securities firms as independent variables, ultimately forming an n× n similarity
matrix based on the calculated results. Heterogeneity is determined by calculating the
bond joint underwriting experience and scale of securities firms, resulting in an n × 1
vector. As the RSiena analysis software used in this study is more suitable for analyzing
non-negative integers with no more than 10 independent variables, the specific calculations
are as follows:

1. Geographic Similarity

Based on the geographic information of securities firms, the spatial distance between
them is calculated. To reduce heteroscedasticity, the spatial distance is increased by 1, and
its logarithm is taken. The difference between 10 and the logarithm value is rounded to the
nearest integer and used as the measure of geographic similarity between securities firms.
The formula is as follows:

PGij = 10− ln(1 + disij
)

(3)

In this formula, disij denotes the spatial distance between securities firms i and j, and
PGij represents the numerical value of geographic similarity between the firms. The larger
the value, the greater the geographic similarity.

2. Domain Similarity

Domain similarity is characterized by the similarity of underwriting domains between
securities firms in the same year. Specifically, the ratio of the number of bonds jointly
underwritten by two securities firms to the square root of the product of the number of
bonds underwritten by each firm is calculated. The formula is as follows:

TPij =
2Pij

Pi+Pj
(4)

In this formula, TPij represents the domain similarity value between securities firms i
and j, Pj denotes the number of bonds underwritten by securities firms i and j, respectively,
and Pij represents the number of bonds jointly underwritten by securities firms i and j. The
closer the TPij value is to 1, the stronger the domain similarity between securities firms i
and j.

To meet the data requirements for non-negative integers, a slight modification is
needed by setting a threshold value of 0.5 and processing the calculation results into 0/1
variables. The formula is as follows:

TPij =

{
1
(
0.5 ≤ TPij ≤ 1

)
0
(
0 ≤ TPij < 0.5

) (5)
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3. Institutional Similarity

Securities firms are mainly classified into central state-owned enterprises, provincial
state-owned enterprises, and mixed-ownership enterprises, and different types of securities
firms have significant differences in management models and corporate systems. As a
result, dummy variables are introduced, using 0 and 1 to represent whether the securities
firms engaging in underwriting cooperation belong to the same type.

IPij =

{
1
(
ai = aj

)
0
(
ai 6= aj

) (6)

In this formula, IPij represents the institutional similarity value between securities
firms i and j. When the securities firms are the same type, the value is 1, if not, it is 0.

4. Organizational Similarity

Organizational similarity is characterized by whether there exists an affiliation relation-
ship between securities firms. “Affiliation relationship” is defined as a limited number of
categories, such as belonging to the same group, and holding or shareholding relationship.
By introducing dummy variables, 0 and 1 are used to represent the presence or absence of
organizational similarity between securities firms.

OPij =

{
1 (exist the incident relation)
0 (inexist the incident relation)

(7)

5. Experience Heterogeneity

Referring to the method of Zhou Can [49], the number of years which a securities
firm appears in the period 2011–2020 is used to measure its underwriting experience and
characterize its experience heterogeneity.

6. Scale Heterogeneity

Drawing on the research of Balland et al. [48] and Zhou Can [49], the logarithm of the
total number of bonds underwritten by securities firms (calculated by the number of bonds,
including independent and joint underwriting) is taken and rounded to the nearest integer,
which is used to measure their underwriting scale.

(2) Network Endogenous Effects

Network endogenous effects refer to the influence of the overall or local structural
characteristics of the network on the selection of cooperation partners by securities firms.
In this study, the structural embeddedness and preferential attachment dimensions of the
network are explored.

1. Structural Embeddedness

The structural embeddedness of the network is measured using the method proposed
by Balland et al. [48] and Shi, X. et al. [50]. The number of triadic closures related to
securities firm i is used to characterize its level of structural embeddedness. The formula is
as follows:

Ti = ∑ ijxikxjkxjk (8)

In this formula, Ti represents the structural embeddedness value of securities firm i; j
and k are securities firms that have established cooperative relationships with each other
outside of node i, so the value of xjk is fixed at 1. The existence of cooperative relationships
between securities firm i and firm j and k is represented by 0 or 1, with xikxjkxjk equal to 1
indicating the formation of a triadic closure, and 0 indicating the absence of a triadic closure.
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2. The preferential attachment

The preferential attachment of a network refers to the tendency of a securities firm to
establish cooperative relationships with other entities of higher status. In the context of
bond joint underwriting networks, the direct manifestations of high status lie in two aspects,
which are broad scope of cooperation and high intensity of cooperation. These are measured
by the number of cooperation partners and the number of cooperative relationships of a
securities firm, respectively. To comprehensively consider these two factors, this study
calculates node preferential attachment using the following formula, rounding the results
to the nearest integer:

Pi = ∑ j
√

xij ∗∑ j
√

ajxij (9)

In this formula, Pi represents the network preferential attachment of securities firm
i, which is equal to the product of the square roots of the number of securities firms with
which i has established cooperative relationships and the total number of cooperative rela-
tionships established with i; j represents other securities firms that have direct cooperative
relationships with i (xij), and aj represents the number of times j cooperates with i.

4.4.3. Control Variables

In this study, drawing on the calculation method of Balland et al. [48], the degree
centrality of a securities firm is used to represent its density effect. The formula is as follows:

Di = ∑ jxij (10)

In this formula, Di represents the density effect value of securities firm i, and j denotes
the securities firms with which i has established cooperative relationships.

5. Research Results
5.1. Multidimensional Evolution of China’s Bond Joint Underwriting Network

From 2011 to 2020, the scale of China’s bond joint underwriting network has been
continuously expanding. In terms of the absolute number of securities firms engaging in
bond joint underwriting, the number of securities firms in China’s bond joint underwriting
network increased from 20 in 2011 to 96 in 2020, a growth of 4.85 times. In relative terms, the
number of securities firms participating in bond joint underwriting accounted for 22.22%
of the total number of securities firms in China in 2011, and this ratio rose to 72.18% in
2020 (Figure 1). The significant growth indicates that the enthusiasm of domestic securities
firms in China in bond joint underwriting has been steadily increasing, and the bond joint
underwriting network in China is becoming more active. This serves as the foundation for
the continuous evolution of China’s bond joint underwriting network.

Figure 1. Absolute and relative number of securities firms participating in bond joint underwriting.
Note: the bar chart represents the absolute number of securities firms participating in bond joint
underwriting, while the line chart indicates the relative number.
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5.1.1. Network Structure Evolution

(1) Overall Evolutionary Characteristics

Overall, China’s bond joint underwriting network is becoming increasingly mature
and active (Figure 2). In terms of network density, the network density indicator calculated
through Ucinet represents the ratio of the actual number of cooperative relationships in
the joint underwriting network to the maximum theoretical number of relationships. The
closer the network density is to 1, the closer the actual number of relationships between
network nodes is to the maximum theoretical value. For China’s bond joint underwriting
network, the network density in 2011 was 0.111, which rapidly increased to 0.979 in
2020, approaching the maximum theoretical value. This indicates that by 2020, Chinese
securities firms had engaged in relatively comprehensive cooperation in the field of bond
joint underwriting. This is also indirectly confirmed by the average degree indicator. The
average degree indicator represents the average number of cooperative partners each
network node has in the network. In 2011, each node in China’s bond joint underwriting
network had an average of 1.7 partners, which significantly increased to 17.261 by 2020,
implying that each securities firm, on average, collaborated with nearly 17 other securities
firms in bond joint underwriting.

Figure 2. Topological structural evolution of China’s bond joint underwriting network. Note: the
size of the circle represents the magnitude of the degree centrality of the node; the thickness of the
connecting lines represents the strength of the collaboration between nodes; the color of the nodes
indicates their different attributes.

Although the cooperation intensity of securities firms in the bond joint underwriting
field has been gradually strengthening, the “dominance of a single firm” has not emerged
in China’s bond joint underwriting network. On the contrary, the development of China’s
bond joint underwriting network is becoming increasingly balanced. This can be seen from
the calculation of the clustering coefficient indicator. In 2011, the clustering coefficient of
China’s bond joint underwriting network was 0.741. Since then, this indicator has decreased
annually, dropping to 0.044 by 2020, indicating that China’s bond joint underwriting
network is becoming more dispersed.

At the same time, thanks to the enhanced strength and increasing balance of securities
firms’ underwriting cooperation, the overall convenience of securities firms in China’s
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bond joint underwriting network collaborating with other firms has improved. In 2015,
the average path length for securities firms to collaborate with other firms in China’s bond
joint underwriting network was 3.201. Subsequently, this value gradually decreased, and
by 2020, the average path length indicator had dropped to 1.916, which is approximately
60% of the 2015 value (Table 2).

Table 2. Overall evolutionary characteristics of China’s bond joint underwriting syndicates.

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Network density 0.111 0.118 0.167 0.091 0.107 0.466 0.189 0.784 0.725 0.979
Average degree 1.7 3.31 3.5 2.37 3.182 10.23 5.947 11.089 13.811 17.261
Condensation coefficient 0.741 0.202 0.362 0.392 0.151 0.064 0.08 0.118 0.033 0.044
Average path length 1.606 2.874 1.677 2.61 3.201 2.231 2.587 2.139 1.992 1.916

(2) Evolutionary Characteristics of Key Nodes

Key nodes are the backbone of China’s bond joint underwriting network. The evolu-
tionary characteristics of key nodes are a concentrated manifestation of the evolution of
China’s bond joint underwriting network. Overall, the key nodes in China’s bond joint
underwriting network exhibit the following evolutionary features: Firstly, the attractiveness
of foreign securities firms as bond joint underwriting partners is gradually weakening.
In 2012, foreign-dominated securities firms such as UBS Securities and Goldman Sachs
Gao Hua Securities attracted a large number of partners. Among them, UBS Securities
established cooperative relationships with 12% of the securities firms in China’s bond joint
underwriting network, accounting for 17.6% of the total cooperative relationships in the
network. By 2020, all of the top five securities firms were domestic Chinese firms. Secondly,
China Securities Co., Ltd. and other securities firms are increasingly becoming stars in
China’s bond joint underwriting network, with their positions becoming more and more
stable. Since 2016, China Securities Co., Ltd. has held the top position, being the most
important securities firm in both binary and weighted cooperation networks. Moreover,
China Securities Co., Ltd., Guotai Junan Securities, Haitong Securities, and Huatai United
Securities have consistently ranked among the top firms (Figure 2 and Table A1).

5.1.2. Evolution of Network Spatial Pattern

From the perspective of the overall pattern, the urban cooperation pattern presents a
changing trend, from a triangular, to a butterfly, quadrilateral, and then multi-core network
(Figure 3). In 2011, urban cooperation presented a triangular pattern supported by Beijing,
Shenzhen, and Shanghai; in 2014, urban cooperation exhibited a butterfly pattern primarily
supported by Beijing, Shenzhen, Shanghai, and Chengdu, with a significantly expanded
scope of urban cooperation; in 2017, urban cooperation showed a quadrilateral pattern
mainly supported by Beijing, Shanghai, Shenzhen, and Chengdu, with urban cooperation
expanding inward and outward to the northwestern China and northeastern China regions;
in 2017, urban cooperation presented a multi-core network pattern, with Beijing, Shanghai,
Shenzhen, Chengdu, and other cities still playing important roles in urban cooperation,
and the positions of more cities, such as Xiamen, Changsha, Harbin, and Lanzhou, in
urban cooperation were strengthened, making urban cooperation increasingly intricate
and complex.

From a regional scale perspective, cooperation is most extensive between the eastern–
eastern regions, followed by eastern–central regions, while cooperation between eastern–
western and central–western regions is relatively lower. In 2011, urban cooperation mainly
concentrated in the eastern–eastern region, with the highest number of urban cooper-
ation occurrences not exceeding four times; in 2014, urban cooperation still primarily
focused on the eastern–eastern region, with cooperation between the eastern–central re-
gions represented by Chengdu–Shanghai and Guiyang–Shanghai has started to form,
and the highest number of urban cooperation occurrences not exceeding eleven times;
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in 2017, urban cooperation mainly concentrated in the eastern–eastern region, with co-
operation between the eastern–western regions growing, and cooperation between the
eastern–western regions represented by Urumqi–Shanghai and Urumqi–Shenzhen has
started to form, with the highest number of urban cooperation occurrences increasing to 93
times; in 2020, urban cooperation mainly focused on the eastern–eastern, eastern–central
regions, with cooperation between the eastern–western regions growing, and cooperation
between the central–western regions represented by Urumqi–Chengdu starting to form,
with the number of urban cooperation occurrences increasing rapidly, reaching a maximum
of 773 times.

Figure 3. Spatial evolution of China’s bond joint underwriting network. Note: the thickness of the
lines reflects the frequency of inter-city cooperation. It can be observed that the frequency of inter-city
cooperation has experienced rapid growth, the scope of cooperation between cities is continuously
expanding, and the degree of closeness in city collaboration is increasingly high.
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From an urban scale perspective, Beijing, Shenzhen, and Shanghai have maintained
central positions over the past decade, with the external radiation range of the three cities
expanding year by year, and the connections between the three cities being the strongest.
With the development of transportation and the growth in economic scale, the positions
of provincial capital cities such as Chengdu, Jinan, Wuhan, Changsha, and Xi’an have
been elevated, with an increase in the number of inter-city cooperation occurrences. The
cooperation between cities has evolved from one-to-one to one-to-many and is gradually
moving towards a many-to-many development trend (Figure 3).

5.2. Driving Mechanisms of above Evolution
5.2.1. Estimation of Rate Functions

Rate functions are utilized to characterize the opportunities for securities firms to
adjust their cooperative relationships within the joint underwriting network. According
to the estimation results in Table 3, the rate function estimation for China’s bond joint
underwriting network exhibits an overall upward trend. This implies that, during the
10-year period from 2011 to 2020, the opportunities for securities firms seeking to estab-
lish, withdraw, or dynamically adjust cooperative relationships within China’s bond joint
underwriting network have been increasing. The growing opportunities to adjust coopera-
tive relationships serve as the foundation for the continuous evolution of the structure of
China’s bond joint underwriting network.

Table 3. Parameter Estimation Results of the Rate Function.

Year Parameter SD

2011–2012 3.459 *** 0.169
2012–2013 4.215 *** 0.229
2013–2014 4.431 *** 0.232
2014–2015 5.129 *** 0.309
2015–2016 6.667 *** 0.373
2016–2017 6.688 *** 0.402
2017–2018 7.129 *** 0.490
2018–2019 8.818 *** 0.501
2019–2020 9.235 *** 0.551

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

5.2.2. Estimation of Utility Functions

(1) Opportunity cost of bond joint underwriting cooperation

The density effect is the constant term in the parameter estimation of this study. The
estimated constant term is−1.998, significant at the 1% statistical level, indicating that there
is an opportunity cost for securities firms to establish and adjust bond joint underwriting
cooperative relationships. On one hand, when engaging in bond joint underwriting with
other securities firms, they need to conduct partner searches, preliminary communications,
and business negotiations, which are costs inherent in cooperation. On the other hand, due
to the fierce competition in the bond joint underwriting field, establishing cooperation with
one partner often means giving up potential cooperation with another securities firms.

It is precisely because of the presence of opportunity costs that securities firms need to
choose the most ideal cooperative partners based on the principle of utility maximization
to compensate for the opportunity costs of bond cooperation underwriting. In the subse-
quent bond joint underwriting process, securities firms continuously search for more ideal
partners and adjust cooperative relationships, thereby promoting the evolution of China’s
bond joint underwriting network.

(2) Factors influencing the adjustment of bond joint underwriting cooperative relationships

Selecting the most ideal partners for bond joint underwriting enables securities firms to
maximize their utility and compensate for the opportunity costs of bond joint underwriting.
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This study estimates the parameters of factors influencing the choice of cooperative partners
for securities firms from two aspects: individual effects and network endogenous effects.

1. Individual effects

From the perspective of individual homogeneity, first, the parameter estimation of
geographical similarity is significantly positive at the 1% statistical level, indicating that
securities firms tend to establish cooperative relationships with other entities with geo-
graphical similarity. In today’s society, with the rapid development of communication,
especially information technology, virtual communication has largely replaced face-to-
face interactions. Even without virtual means of communication, the improvement of
transportation networks has gradually weakened the barriers of geographical distance to
communication. However, for bond joint underwriting, proximity in geographical distance
facilitates securities firms’ personnel to conduct due diligence and documentation sorting,
making it difficult for virtual communication to replace face-to-face communication, while
the development of other transportation networks still requires time and financial costs.
Secondly, the parameter estimation of domain similarity is significantly positive at the
10% level, indicating that securities firms tend to engage in underwriting cooperation
with other securities firms with similar business domains. In the bond joint underwriting
process, the higher the degree of specialization, the more conducive it is to thoroughly ana-
lyzing the issuer’s business and financial status, as well as future development prospects,
which greatly benefits the reduction in bond repayment risk. This is an important reason for
securities firms to seek partners with similar underwriting domains. Meanwhile, as the de-
gree of specialization of securities firms improves, seeking cooperation with securities firms
with similar domains can effectively reduce communication costs, making underwriting
cooperation smoother.

From the perspective of individual heterogeneity, the parameter estimation of scale
heterogeneity is significantly positive at the 1% statistical level, indicating that securities
firms are more inclined to cooperate with securities firms with larger bond joint under-
writing scales. On one hand, a larger bond joint underwriting scale for a securities firm
implies that the company has accumulated more experience in business processes and com-
munication with supervisory authorities, and cooperating with large-scale underwriters
will help reduce their own work costs. On the other hand, scale implies capability, and
a larger bond joint underwriting scale indicates that the securities firm can allocate more
existing or potential resources, making cooperation with these securities firms conducive
to promoting their own business development.

2. Network endogenous effects

In terms of structural embeddedness, the estimation results in Table 4 show that struc-
tural embeddedness has a positive impact on the establishment of bond joint underwriting
cooperative relationships, with the estimated results significant at the 10% statistical level.
This result further indicates that, in China’s bond joint underwriting network, securities
firms are more inclined to establish cooperative relationships with the “friends of friends”
in the network, thus forming triadic closure structures. On one hand, establishing coopera-
tive relationships with “friends of friends” takes advantage of the guarantee role played
by the “friend” objectively, which can effectively reduce the potential moral hazard and
future uncertainty of bond joint underwriting cooperation. On the other hand, similar to
the principle in physics where the triangle is the most stable shape, forming a cooperative
triangle with “friends” and “friends of friends” helps enhance the stability of bond joint
underwriting cooperative relationships.

Regarding preferential attachment, its parameter estimation value is significantly
positive at the 5% statistical level, indicating that there is a “Matthew effect” in bond
joint underwriting cooperation, where securities firms in China’s bond joint underwriting
network are easily attracted by the star effect and tend to establish cooperative relationships
with securities firms that have already attracted many partners in the network.
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Table 4. Parameter estimation results of the influencing factors of adjusting the partnership.

Variables Parameter SD

Density Effect
(Constant) −1.998 *** 0.306

Geographic Similarity 0.075 *** 0.048

Domain Similarity 0.028 * 0.013
Institutional Similarity 0.024 0.021

Organizational Similarity 0.129 0.039
Experience Heterogeneity 0.087 0.054

Scale Heterogeneity 0.065 *** 0.052
Structural Embeddedness 0.119 * 0.062
Preferential Attachment 0.072 ** 0.055

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

6. Conclusions and Discussion
6.1. Conclusions

This study uses bond joint underwriting data from Chinese securities firms from 2011
to 2020 and employs a comprehensive social network analysis method, as well as analytical
tools such as Ucinet and ArcGIS, to systematically explore the evolutionary characteristics
of China’s bond joint underwriting network from multiple dimensions, including time,
topology, and space. Subsequently, by constructing longitudinal network panel data using
the stochastic actor-oriented model, the factors and mechanisms driving the aforementioned
evolution of China’s bond joint underwriting network are quantitatively analyzed. The
findings reveal that in the topological dimension, the network exhibits overall characteris-
tics of increasing maturity, activity, balanced and convenience cooperation; key nodes such
as China Securities Co., Ltd. and other domestic securities firms have increasingly become
the backbone of the joint underwriting network, while the network status of securities firms
with foreign backgrounds has gradually faded. In the spatial structure dimension, at the
overall spatial pattern level, urban cooperation exhibits a trend of changing from triangular
to butterfly-shaped to quadrangular to multi-core networks; at the regional scale level,
cooperation is most extensive between eastern regions, followed by eastern–central regions,
while eastern–western and central–western regions have relatively less cooperation; at
the city scale level, Beijing, Shenzhen, and Shanghai have maintained central positions
for nearly a decade, with the external radiation range of the three cities expanding year
by year, and the connections between the three cities being the strongest. The underlying
mechanism for these evolutionary characteristics is that, thanks to the increasingly mature
and active bond joint underwriting network in China, securities firms have more oppor-
tunities to establish and adjust cooperative relationships. In order to compensate for the
opportunity costs of bond joint underwriting and achieve maximum cooperation benefits,
securities firms need to choose potential partners that are geographically close, have similar
business areas, larger underwriting scales, utilize “friends of friends”, and possess a “star”
network effect, continuously adjusting their cooperative relationships, thus promoting the
continuous evolution of China’s bond joint underwriting network.

6.2. Discussion

Among all the independent variables, geographic similarity and scale heterogeneity
have the most significant impact on the selection of cooperation partners. In addition, the
influence of domain similarity, structural embeddedness, and preferential attachment are
also relatively significant. In contrast, the impact of organizational similarity, institutional
similarity, and experience heterogeneity is not remarkable. The possible reason for these
results is that China’s securities industry is a highly market-oriented sector, and the purpose
of securities companies in undertaking bond joint underwriting is relatively direct and
pragmatic, i.e., to obtain higher returns. Under this objective, the cooperation that facilitates
higher returns becomes a crucial factor in selecting partners for securities companies.
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The parameter estimation results for density effect in this study are significantly neg-
ative, which is similar to the conclusions drawn by Ter Wal [51] in their studies on the
evolution of German biotechnology invention networks. This suggests that opportunity
costs are present in both innovative cooperation networks and general cooperation net-
works with less innovative potential. The concept of opportunity cost can be traced back to
the research of economists such as Friedrich von Wieser and Frank P. Ramstetter [52,53].
Their theory posits that every choice entails corresponding opportunity costs, which are
particularly evident in cooperation.

On the one hand, during the cooperation process, all parties need to invest limited
resources, such as time, energy, and funds. The investment of these resources implies
that they cannot be used for other potential projects or collaborations, thus generating
opportunity costs [52]. On the other hand, the goals and interests of individuals or groups
involved in cooperation may conflict. In order to reach consensus and promote cooperation,
actors in the network may need to sacrifice some of their interests. This sacrifice of interests
also constitutes opportunity costs [53]. Moreover, individuals or groups in cooperative
relationships may have potential competitive relationships. Consequently, cooperation
may lead to competitors gaining advantages or capturing market shares. In this case, the
opportunity costs of cooperation manifest as losses in competitiveness [54]. Furthermore,
information asymmetry often exists among actors involved in cooperation, which may lead
to reduced cooperation efficiency and consequently generate opportunity costs. Responsi-
ble partners may need to bear more risks and costs to compensate for the losses caused by
information asymmetry [55].

At the same time, the parameter estimation results for domain similarity in this
study are contrary to the conclusions of Zhang Jieyao [56] on the fashion creative industry
and Balland et al. [46] on the satellite navigation industry. In this study, the parameter
estimation results for domain similarity are significantly positive, while those of Zhang
Jieyao [56] and Balland et al. [46] are significantly negative. The possible reasons for this
discrepancy include the following: for practitioners in the fashion creative industry, the
entry barrier is relatively low, thus the importance of knowledge proximity is not high; for
the satellite navigation industry, each project involves multiple fields, such as aerospace
technology, project management, meteorological research, transportation, and integrated
support. To ensure the successful implementation of projects, technical personnel must
establish cooperation with staff from other disciplines to seek knowledge complementarity.
However, for the bond joint underwriting industry, on the one hand, it involves professional
knowledge in finance, accounting, and risk management, which pose high knowledge
requirements for professionals and hinder the entry of other securities firms from different
fields; on the other hand, compared to the satellite navigation industry, a bond joint
underwriting project requires fewer teams and personnel and does not necessitate the
formation of large-scale cross-industry teams.

In addition, the parameter estimation results for institutional similarity, organizational
similarity, and experience heterogeneity in this study are not significant, which is unlike
many other existing studies on cooperative network evolution. However, in this study,
the estimation results for scale heterogeneity are significantly positive at the 1% statistical
level. In summary, in the bond joint underwriting field, when securities firms choose
cooperation partners, they pay less attention to the potential partners’ company system,
organizational attributes, and work experience, but pay relatively more attention to the
bond joint underwriting scale of securities firms. The possible underlying reason is that
the securities business, including bond underwriting, is highly open and market-oriented.
For Chinese securities firms, the company system, organizational attributes, and work
experience of potential partners do not have a substantial impact on their interests. A more
pragmatic approach is to seek cooperation with securities firms that have good bond joint
underwriting performance to obtain a share of the bond underwriting market.
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6.3. Limitations and Future Research

Although in-depth research has been conducted, this study still has limitations. Firstly,
limited by the SAO model in the current phase, the dependent variable of this study is
the vertical binary network, which can only reflect whether a cooperative relationship
exists between securities and cannot reflect the intensity of cooperation. Restrictions
on data types may cause enterprises to have high-intensity cooperation, while fewer
partners in the network cannot be fully reflected. In the future, with the development of
the SAO model, if the multi-valued network can be taken as a dependent variable, the
estimation results of this study may be different and more reasonable. Secondly, similar
to the SAO model, although coefficient estimation can be conducted, other functions—
including robustness tests—cannot be realized. Thirdly, due to data limitations, this
study is unable to compare the evolution of China’s bond underwriting network with
the cooperation networks of securities firms in other global regions or conduct an in-
depth analysis of China’s bond underwriting network within the general financial network
of China. Moreover, our exploration of factors driving securities firms’ collaboration is
also limited by data availability, preventing us from further analyzing other potential
factors driving network evolution, such as macroeconomic factors, institutional factors,
and personal relationships within securities firms. In the future, we will continue to collect
data to address these research shortcomings.
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Appendix A

Table A1. Key securities firms.

2012 2014 2016 2018 2020

Securities
Firms/C/C’

Securities
Firms/C/C’
(Weighted)

Securities
Firms/C/C’

Securities
Firms/C/C’
(Weighted)

Securities
Firms/C/C’

Securities
Firms/C/C’
(Weighted)

Securities
Firms/C/C’

Securities
Firms/C/C’
(Weighted)

Securities
Firms/C/C’

Securities
Firms/C/C’
(Weighted)

UBS Securi-
ties/12/0.125

UBS Securi-
ties/33/0.176

Zhongtai Securi-
ties/8/0.123

CITIC Securi-
ties/9/0.145

China
Securities Co.,
Ltd./42/0.055

China
Securities Co.,

Ltd./238/0.099

China
Securities Co.,
Ltd./52/0.059

China
Securities Co.,

Ltd./474/0.109

China
Securities Co.,
Ltd./70/0.044

China
Securities Co.,

Ltd./896/0.109
China

International
Capital

/11/0.115

China
International

Capital
/28/0.149

Credit Suisse
Founder Securi-

ties/7/0.108

Zhong De Securi-
ties/9/0.145

HAITONG Securi-
ties/32/0.042

HAITONG Securi-
ties/146/0.061

Guotai Junan Se-
curities/37/0.042

Guotai Junan
Securi-

ties/360/0.082

Guotai Junan Se-
curities/63/0.039

CITIC Securi-
ties/761/0.093

Guotai Junan Se-
curities/6/0.063

China Merchants
Securi-

ties/20/0.106

China Securities
Co., Ltd. /6/0.092

China Securities
Co., Ltd. /7/0.113

Guotai Junan Se-
curities/31/0.041

Guotai Junan
Securi-

ties/142/0.059

Ping’an Securi-
ties/35/0.040

Ping’an Securi-
ties/345/0.079

CITIC Securi-
ties/63/0.039

Guotai Junan
Securi-

ties/693/0.085

Goldman Sachs
Gao Hua Securi-

ties/6/0.063

Guotai Junan Se-
curities/13/0.069

China Great Wall
Securi-

ties/6/0.092

China
International

Capital
/7/0.113

China Merchants
Securi-

ties/30/0.040

China Merchants
Securi-

ties/141/0.059

HAITONG Securi-
ties/34/0.039

CITIC Securi-
ties/316/0.072

Huatai United Se-
curities/57/0.036

HAITONG Securi-
ties/557/0.068

China Merchants
Securi-

ties/6/0.063

China Great Wall
Securi-

ties/12/0.064

China Merchants
Securi-

ties/6/0.092

Guokai Securi-
ties/6/0.097

GF Securi-
ties/28/0.037

GF Securi-
ties/131/0.054

GF Securi-
ties/33/0.038

HAITONG Securi-
ties/252/0.058

HAITONG Securi-
ties/57/0.036

China
International

Capital
/495/0.060

Note: C refers to degree centrality of key securities firms in the binary network and weighted network. C’
represents the ratio of the degree centrality of one firm to the total degree of the network. The purpose of
calculating C’ is to facilitate cross-sectional comparisons.
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