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Constructing an all-directional, multilevel, and composite interconnection network, accelerating the free flow of producer services
elements across regions, and further improving the efficiency of resource integration demand to conduct a comprehensive and
systematic analysis of producer services trade. (us, using bilateral trade data, this paper builds producer services trade network
composed of 61 major countries and innovatively combines the methods of social network and economic geography to explore its
spatiotemporal evolution and system properties. (e results show that, firstly, the producer services trade network has spatial
heterogeneity, which is characterized by high-value agglomerations in Western Europe and East Asia, and low-value ag-
glomerations in Southern Europe and Southeast Asia. Secondly, most countries tend to choose trading partners with close
geographical locations or common cultures to establish a cohesive subgroup. (irdly, the producer services trade network has a
significant core-periphery structure, the “spaghetti bowl” effect, which leads to a downward trend in the number of core and semi-
peripheral countries. Finally, the trade agreement relations, language relations, and differences in economy, geography, insti-
tution, and technology all have a significant impact on the evolution of producer services trade network, but this change has little
relationship with the population size divergences of different countries.

1. Introduction

As the world economy has presented a trend of transfor-
mation from industrial type to being service-oriented, the
service industry has become the focus of international trade,
among which producer services industry is the most critical
branch because it gathers a lot of knowledge and capital
[1, 2]. Affected by the application of information technology
[3, 4], the elements of producer services are redistributed in
the global market; more countries carry out trade activities
as exporters or importers, thus forming a gigantic rela-
tionship network of producer services trade. Whether it can
become a key node with control power in producer services
trade network determines the construction of a “service-
driven country,” and reflects the position of international
division of labor and the distribution of interests in the
economic globalization. (erefore, it is of great significance
to study the spatiotemporal evolution and the complex
features of producer services trade network for

complementing the study of competitiveness evaluation
based on trade volume accounting and formulating adaptive
and feasible trade strategies. It is also the practice of network
analysis method in a specific industry level.

Along with global economic integration, more main-
stream standpoints can recognize the conclusion that the
producer services can be a major component of trade flow
for a long time [5]. In 1995, the General Agreement on
International Trade in service (GATS), which was led by
WTO, came into force. As a result of the unbalanced de-
velopment of service industry in various countries and the
differences in negotiations, the liberalization of services
trade under the framework of GATS hasmade slow progress,
and regional services trade agreements have gradually
sprung up, such as the “Trans-Pacific Partnership Agree-
ment (TPP)” and “International Trade in Services Agree-
ment (TISA).” (ese changes in regional economic and
trade cooperation also increase the uncertainty of the future
development of the producer services trade network.
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Moreover, the enhancement of the extroversion character-
istics of producer services has changed the view of the
traditional urban basic economic model [6], that is, “services
can only be sold within a limited distance, and cannot be
exported to other regions to generate income for the local
area.” Since then, the spatial flow of producer services
gradually infiltrates into regional or urban research areas.
Majority of those studies focus on the location selection and
driving factors of producer services enterprises, or the spatial
agglomeration and influence mechanism of industry at the
micro level [7–9]. However, there are few studies that
combine the spatial heterogeneity of producer services with
macro trade data and use the network method to analyze.

(e purpose of this article was to capture the dynamic
and heterogeneous features of producer services trade
network, and focus on the following issues: What are the
spatial characteristics and influencing factors of the struc-
tural evolution of producer services trade network? Has the
development of producer services in emerging economies
changed their position in the trade network and the pattern
of global interests? Are the core countries and the marginal
countries regularly carrying out trade interaction to promote
them to integrate into producer services trade network? (e
solution of these problems will help to optimize the trade
network structure, and build an all-directional, multilevel,
composite interconnection network.

(e main contributions are as follows: firstly, previous
studies, reviewed in Sections 1 and 2, are mostly based on the
micro perspective of industry and enterprise, or the analysis
of commodity trade network. (is paper makes up for the
gap of service trade network from the global and national
macro level. Secondly, the social network analysis method is
introduced into the field of producer services trade to
identify the functions of different countries in trade network
and the factors affecting the evolution of network structure,
and to supplement the methods of competitiveness evalu-
ation and previous empirical studies limited to the dual
relationship between the two sides of trade. Finally, applying
GIS technology to trade data for spatial exploratory analysis,
this paper expands the research content related to economic
geography, reveals the general characteristics and evolution
law of producer services trade network, and provides sci-
entific support for the establishment of an open and in-
clusive services trade system.

(e rest of the research mainly consists of four parts.
Section 2 is literature review. Section 3 includes an overview
of the research area, data sources, andmethods of this article.
Section 4 describes the spatiotemporal characteristics and
impact factors of producer services trade network, and the
final part puts forward conclusions, policy recommenda-
tions, and the future research directions.

2. Literature Review

Taking trade network as an example, the complexity of the
socioeconomic system is an interdisciplinary issue that
combines economics, geography, and network science
[10–13]. Only by establishing a multiple analysis framework
can we holistically explore its structure and evolution trend.

However, most of the existing researches on the producer
services trade system are based on a single dimension,
mainly including two categories. (e first category is about
the perspective of economics. (ese studies focus on the
driving mechanism of the development of producer services
trade and its basic role in the transformation and upgrading
of economic structure. Research and development invest-
ment, infrastructure construction, and foreign investment
are considered as the essential elements to enhance the
competitiveness of producer services trade [14, 15]. In terms
of the utility in macroeconomic operation, producer services
trade can provide key missing factors for final products and
improve domestic total factor productivity through tech-
nology transfer and spillover [16]. (e second category
focuses on the geographical perspective. (ese studies point
out that the producer services trade flow structure is
composed of export cities, circulation systems, and market
cities, and find that the role of producer service trade in
regional and urban system is such that its unbalanced
distribution will bring about the adjustment of regional
economic structure, thus leading to the outward develop-
ment of service trade [17].

Related research methods have become more abundant
over time. Traditional analytical approaches mainly include
simple international comparison based on revealed com-
parative advantage index or trade competitiveness index,
and applying classical gravity model or other econometric
methods to investigate the binary relationship between trade
subjects [18, 19]. Social network is an emerging systematic
method [20]. Since the scale-free network was proposed,
using this method to analyze international trade issues has
become the focal point of most researches [21–25]. In
particular, Quadratic Assignment Procedure (QAP) belongs
to the hypothesis test of “relationship-relationship” level in
the social network method, which is considered to be one of
the most effective tools for empirical analysis of network
science [26, 27]. However, the objects of existing studies are
mainly the goods trade network [28–30]. Limited by the
difficulty of bilateral data acquisition, only a few literatures
focus on the services trade network. Xu uses QAP weighted
network to find that there is a significant correlation between
various sectors of services trade. When exploring the impact
of common human relations on the services trade network,
he believes that common trade agreements play the most
critical role, and the same language and religion are also
major determinants [31, 32]. Besides, QAP regression
analysis also shows that the differences of economic scale,
technological innovation, and geographical distance affect
the changes of services trade network structure in the region
[33].

Summing up previous studies, we can find that there are
still some deficiencies in the comprehensive application of
economic geography and network theory to analyze the
producer services trade relationship. Considering its stra-
tegic significance in the global industrial network and value
chain, as well as the gaps in related fields, we explore the
spatial-temporal variation and influencing factors of the
producer services trade network, lay an empirical founda-
tion for its balanced development, and put forward policy
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suggestions for effectively improving the status of countries
in the trade network.

3. Research Methods and Data Sources

3.1.Data Sources andTradeNetwork. (e primary trade data
source of this study is the OECD database. Based on the
latest available annual data of producer services trade in
2000, 2004, 2008, and 2012, 61 countries1 with total services
trade accounting for more than 90% of the world’s total
services trade are involved, covering major economies in the
world. (e classification standard of producer services refers
to the definitions of Browning and Singlemann [34], which
mainly include six subindustries, namely: (1) transportation
industry; (2) communication industry; (3) finance industry;
(4) insurance industry; (5) computer and information ser-
vices industry; and (6) concession rights and patent royalties,
integrating the data of various industries to establish the
producer services trade network. (e logical framework of
this paper is as follows (Figure 1):

(e complex system G of trade network can be repre-
sented by a tuple: G � (V, E). Among them,
V � v1, v2, . . . , vn  is the node set, E � eij  is the edge set,
and each edge eij in E has a pair of nodes (vi, vj) in
Vcorresponding to it.

In this paper, we use 61 sample countries and the trade flows
between countries as nodes and edges, respectively, to construct
trade network. (e adjacency matrix A � [aij] denotes the
unweighted network. If there is a trade relationship between the
two countries, aij � 1, otherwise aij � 0, in the undirected
network, aij � aji. (e adjacency matrix W � [wij] represents
the weighted trade network. In the directed network, the edge
weight is expressed by the export volume (million US dollars)
from vi tovj. In the undirected network, the total trade volume
(million US dollars) between vi and vjis used to represent the
edge weight, that is, wij � wji. Where wij � we

ij + wm
ij , (i, j �

1, 2, . . . , n), we
ij(wm

ij ) represents the trade amount that the vi

exports (imports) to vj. Referring to Cerina’s method [35], set
100 million US dollars as the threshold of trade flows, the trade
volume of each network after taking the threshold value over the
years accounts for more than 90% of the total trade volume of
the corresponding fully connected trade network, which in-
dicates that the network after extracting the threshold value is
relatively representative. After determining the threshold value,
the edge whose trade flows is greater than it is assigned to 1,
otherwise it is assigned to 0, so as to halve the weighted network
to obtain the unweighted trade network.

3.2. Research Methods

3.2.1. Network Analysis. Social network analysis is a com-
prehensive method to analyze the structure and attribute of
“social actors as nodes and their relationship set”; this
method is widely used in investment relations, population
migration, and knowledge spillover relations because it can
reveal the network structural features from multiple angles
[36]. (e selection and analysis of specific research indi-
cators in this paper are carried out according to the following
ideas: the first is the overall analysis of the network, which
aims to explore the whole evolutionary trend, including
network density, average degree, average path length, and
average clustering coefficient. (e second is the node
analysis of the network, which studies the status and
function of trade entities in the network, including degree
centrality, closeness centrality, and betweenness centrality,
and the node strength. Finally, the cohesive subgroup
structure and core-periphery structure are synthetically
determined based on the index features to divide the sub-
groups and levels in the network. Relevant indicators are
shown in Table 1.

3.2.2. Empirical Model. (e existing literatures usually
consider the influence of economic scale, geographical
distance, and institutional differences on trade relations and
flows [37, 38]. In addition, participating in common regional
trade agreements may reduce the cost of trade, but it is
necessary to pay attention to the negative effects due to their
asymmetric impact on countries [39]. (e function of in-
formal institutions such as culture in trade cannot be ig-
nored, Selmier et al. pointed out that the positive
communication of language culture will reduce the blind
area of bilateral trade cognition and the cost of information
acquisition [40]. Because the producer services are tech-
nology-intensive industries, technological innovation also
plays a major role in the development of producer services
trade [33]. Besides, affected by trade demands and trans-
action markets, population size may change the global trade
pattern [41].

Based on this, we build the following model to analyze
the factors influencing the evolution of producer services
trade network:

Y � F(Dis gdp,Comfta,Dis cap,Dis ins,Comlan,Dis tec,Dis pop), (1)

where Y is the producer services trade relation matrix;
Dis gdp,Dis cap,Dis ins,Dis tec,Dis pop represent the
differences in economic scale, geographical distance, insti-
tution, technology, and population size, respectively, while
Comfta and Comlan represent the trade agreement and
language relationship between the two countries; the specific

variable representation and data sources are shown in
Table 2.

(e variables belong to relational data and have struc-
tural autocorrelation; traditional multiple regression anal-
ysis based on ordinary least squares cannot reflect the
correlation between them. QAP regression is a
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Figure 1: Logical framework.

Table 1: Network analysis indicators.

Indicators Formulation Index explanation Actual meaning

Network density D � (2m/(n(n − 1)))

D refers to the proportion of the actual
number of node connections in the
network to the maximum number of

possible node connections.

(e activity of producer
services trade links
among countries.

Average degree k � (1/n) 
n
i k(vi)

k refers to the average of the degrees of
all nodes, k(vi) represents the degree

of node. vi.

(e connectivity of the
whole trade network.

Average path
length L � (1/(n(n − 1)))i,jdij

L refers to the average number of the
shortest path between each pair of

nodes, dij represents the shortest path
between nodes vi and vj.

(e transmission
efficiency of trade

network.

Average
clustering
coefficient

C � (1/n)
n

i�1C(vi)

� (1/n)
n

i�1( 
j,k∈G

aijajkaki/k(vi)(k(vi) − 1))

C is the mean value of the clustering
coefficients of all nodes. C(vi)

represents the clustering coefficient of
node vi.

(e degree of aggregation
and adjacency of trade

network.

Degree
centrality CD(vi) � ((

n
j�1 aij(i≠ j))/(n − 1))

CD(vi) describes the ability of direct
contact of node vi with others.

(e possibility of direct
trade links between a
country and other

countries.

Closeness
centrality CC(vi) � ((n − 1)/vj∈V,i≠jdij)

CC(vi) refers to the sum of the shortest
path between an individual node and

all other nodes.

(e relative spatial
accessibility of countries

in trade network.

Betweenness
centrality CB(vi) � (j<k(gjk(vi)/gjk)/((1/2)(n − 1)(n − 2)))

CB(vi) refers to the probability that a
node is in the shortcut between node
pairs. gjk is the number of shortcuts
between node vj and vk. gjk(vi) is the
number of shortcuts between node vj

and vk that passes through the node vi.

(e transfer function of
countries in trade

network.

Node strength S(vi) � 
n
j�1 aijwij

S(vi) is the sum of weights of all edges
connected to the node vi. In the

directed network, it can be divided into
out-strength and in-strength.

Trade volume between
countries in a weighted

trade network.

Core degree ρ � i,jaijδij δij � ci × cj

By iterating different pattern matrices
δ to obtain the maximum value ρ. At
this time, δ is the actual corresponding
core-periphery structure matrix. c

represents the core degree of node, aij

is the element in adjacency matrixA,
δij is the element in pattern matrix δ of
the core-periphery structure, and ρ
represents the correlation between

matrix Aand matrix δ.

(e status and
importance of a country

in trade network.
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nonparametric test method, which is used to analyze the
regression relationship between multiple matrices and one
matrix, avoiding the error problem caused by data “mul-
ticollinearity” in traditional measurement methods. (ere-
fore, we use the method of QAP regression to explore the
factors that affect the structural changes of producer services
trade network.

4. Spatial Analysis of the Topological Feature of
the Producer Services Trade Network

4.1. Spatial Pattern Evolution of the Producer Services Trade
Network. (is paper uses ArcGIS 10.4 to take countries as
network nodes, the bilateral import and export volume of
producer services trade as weight, and selects the data of four
time periods of 2000, 2004, 2008, and 2012 to construct the
structure chart of undirected producer services trade net-
work to study its spatial and temporal evolution.

(e evolution of producer services trade pattern can be
described simply by the node strength of each country and
trade flows between countries. (e following conclusions
can be drawn from Figure 2: the node strength of each
country and the edge weight of neighboring node countries
were increasing, and the trade links among countries were
closer, forming an integrated and interdependent trade
network. (e reason is that the deepening of economic
globalization and the adjustment strategy of industrial
structure incline to service industry, the status of producer
services industry in the domestic economy is rising, and the
trade development continues to be active. Except for the
most significant trade volume between the United States and
Japan in 2000, the scale of producer services trade between
the United Kingdom and the United States was the largest in
the remaining years. Because spatial proximity was an im-
portant driving factor for the occurrence of regional trade
phenomena, other closely related trading partners were
generally countries with closer geographical location, such as
Germany-the United Kingdom, the United Kingdom-
France, the United States-Canada, the United States-Mexico.

(e establishment of the North American Free Trade Area
and the foundation of the European Union also promoted
intra-regional trade links. Since the United States was the
absolute core of the trade network, and the trade mode has
evolved from intra-regional clusters to trans-continental
trade (such as the United States-China, the United States-
India), the spatial pattern of producer services trade network
has gradually transformed from a dual-core pattern of “the
United States-Western Europe” to a cross-regional radial
pattern with the United States as the explosive point.

(e change of international demand structure and the
difference of industrial chain status in different countries lead
to more and more regional and national imbalances in the
development of producer services trade, which is reflected in
the spatial heterogeneity in the network. (e whole network
presented two high-value trade concentration regions,
namely, East Asia and Western Europe. Southern European
countries, such as Croatia, Bulgaria and Slovenia, as well as
Southeast Asian countries, such as Cambodia, Vietnam, and
Brunei, have formed low-scale trade agglomeration areas in
space. In terms of node significance, the most critical trade
nodes in North America were the United States and Canada,
and the United States had the highest node strength each year.
Other developed countries such as Germany, the United
Kingdom and France, as secondary links, occupied the central
position and supported the development of trade network.
Before 2008, China, South Korea, Singapore, and Japan were
essential nodes in the Asian region. After 2008, policy reform,
technological progress, deepening division of labor, invest-
ment inclination, and other factors have jointly promoted the
growth of producer services in India, so it became another
vital node in Asia.(is shows that in recent years, the status of
a subset of emerging economies in the producer services trade
network has risen, but it has not gradually changed the
leading position of developed countries.

Over time, geographical factors were no longer a factor
restricting trade exchanges, and the degree of trade global-
ization was strengthening, so the trade links between various
countries were characterized by diversification. For example,

Table 2: Variable description and data sources.

Driving factors Variable description Data sources
Economic scale
difference (e absolute difference of GDP growth rate between vi and vj countries. (e WDI

database
Trade agreement
relation If countries vi and vj have a common trade agreement, it is 1, otherwise it is 0. (e CEPII

database
Geographical distance
difference (e actual distance between the capitals of vi and vj countries. (e CEPII

database

Institutional difference

(e calculation formula is: Dis ins � (1/6) 
6
h |((Iih − Ijh)/(max Ih − min Ih))|, h represents six

dimensions to measure the national institution, namely, control of corruption, government
effectiveness, political stability and absence of violence, regulatory quality, rule of law, voice and

accountability, Ih represents the score on the h dimension [42].

(e WGI
database

Language relationship If countries vi and vj have common official language, it is 1, otherwise it is 0. (e CEPII
database

Technical difference (e absolute difference in the number of patent applications between vi and vj countries. (e WDI
database

Population size
difference (e absolute difference in population scale between vi and vj countries. (e CEPII

database

Complexity 5



0 1,000km500

0–600
600–2500
2500–5500
5500–15000
15000–27637.3

Edge weight
(Unit: million US dollars)

2000 node strength
(Unit: million US dollars)

312–10000
10000–30000
30000–50000
50000–100000
100000–202737.7

N

(a)

0 1,000km500

N

Edge weight
(Unit: million US dollars)

0–800
800–3000
3000–10000
10000–20000
20000–38673.9

2004 node strength
(Unit: million US dollars)

292–20000
20000–50000
50000–100000
100000–150000
150000–266178.4

(b)

Figure 2: Continued.
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China only had strong trade ties with a limited number of
countries such as the United States, Japan, and South Korea in
2000. By 2012, these countries were still the closest partners in
cooperation with China, while the “triangular trade” of
producer services between China, Japan, and South Korea in
Asia showed a weakening trend, and Singapore, France, and
Germany have become significant trade options.

4.2. Analysis of the Overall Network Topology Characteristics.
(en, this paper calculates topology indexes to reflect the
overall characteristics of producer services trade network.

In comparison to the changes in network indicators from
2000 to 2012, the following conclusions can be drawn as
shown in Table 3: the increase in the number of edges
connecting node countries and density shows that the
producer services trade network has a tendency of inten-
sification, which is mainly due to the enhanced tradability of
service industry in the era of knowledge economy. Network
density grew fastest between 2004 and 2008; after 2008, it
was relatively stable. (e possible reason is that the financial
crisis in 2008 has a more significant impact on services trade,
and countries have to maintain conservative trade relations
to deal with its occurrence.

0 1,000km500
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Figure 2: Spatial structure diagram of the producer services trade network.
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(e upward momentum of the average degree suggests
that the connectivity of the network is enhanced. In 2000, the
average path length was close to 2, and each pair of countries
with trade needs to establish an indirect relationship through
another country. After 2000, the average path length
shortened; more and more producer services products can
arrive without passing through transit nodes, saving time
and transportation costs, and improving the efficiency of
trade transactions.

(e average clustering coefficient has been rising from
2000 to 2012, which indicates that the producer services
trade network had a more obvious phenomenon of trade
clusters. Generally speaking, compared with random net-
work with the same number of nodes and edges, a small
world network has a smaller average path length and a larger
average clustering coefficient [43]. Because the average path
length of producer services trade network is in the range of
1.51 – 1.74, which is slightly lower than the theoretical value
of the random network of the same scale (1.78 –2.14), and the
average clustering coefficient is in the range of 0.55 –0.71,
which is much higher than the average clustering coefficient
of the random network (0.13 – 0.24), it can be considered
that this network is a small world network, that is to say, the
producer services trade network exhibits the aggregation
features of a few nodes as the core; these nodes have a high
number of connections, while most other nodes only have
fewer connections [44].

4.3. Network Centrality Analysis

4.3.1. Centrality of the Unweighted Network. (is paper
calculates the centrality indicators of all sample countries to
explore the individual characteristics of nodes, and then uses
Arcgis10.4 for data visualization. Due to space constraints,
the top 15 countries and values in 2000 and 2012 are shown
in Table 4. In addition, we study the status of countries in the
network according to their rankings.

(e evolution of centrality index of producer services
trade network is shown in Table 4 and Figure 3. (e degree
centrality of a node represents the number of trade relations
and it is the simplest indicator to evaluate its position in the
trade network; the results indicate that the top three key
nodes are stable in the United States (USA), the United
Kingdom (GBR), and Germany (DEU). Due to the lack of
location advantages and breakthrough technology, some
countries had limited ability to participate in the specialized
division, resulting in weaker producer services trade at-
tractiveness, such as Cambodia (CAM) and Costa Rica
(CRC), which had the lowest degree centrality. Regarding

spatial layout, among the top 15 countries, in 2000, there
were 2 in North America, 9 in Europe, and 4 in Asia. In 2012,
Asian countries increased to 5, North American countries
decreased to 1, and the number of European countries
remained unchanged. With the development of service
outsourcing as a new mode of service trade, developing
countries have increased investment in communication,
computer and information services, and actively undertaken
the outsourcing business of developed countries. China
(CHN), India (IND), and other countries have gradually
become regional or global service outsourcing centers. In
particular, benefited from the high concentration of services
trade, India showed a trend of long-term rapid growth,
making its degree centrality increase significantly. Con-
strained by the economic slowdown brought by the financial
crisis, the activity of producer services trade in developed
regions has decreased, resulting in the decline of the average
annual growth rate of degree centrality of countries in
Europe and American, which are located at the core of the
network. But on the whole, the degree centrality of devel-
oped countries is still higher than that of the developing
countries; developed economies generally have stronger
international competitiveness in producer services trade.

(e closeness centrality is used to characterize the ability
to be “not controlled by other countries.” Due to the high
degree of trade facilitation and the less dependence on other
countries to establish trade relations, countries in the central
position, such as the United States and the United Kingdom,
usually had higher closeness centrality. (e existence of
these countries played a vital role in the spatial flow of
industrial resources and they acted as the resource “con-
nectors” in the trade network. Conversely, countries that
needed more steps or intermediaries to establish trade re-
lations had lower closeness centrality, such as Cambodia and
Brunei (BRU). (ese countries had low efficiency in con-
necting with other countries and found it difficult to gain
spatial advantages.

(e betweenness centrality measures the node’s ability to
control other nodes. (e higher the degree, the more the
node can serve as a “bridge” in the network. (e United
States, the United Kingdom, and Germany were still at the
forefront; they played an important “intermediary” role and
transit capacity in producer services trade network and
controlled the links between other countries. (e node with
the fastest growth in betweenness centrality was Lux-
embourg, with an average annual growth rate of 48.2%,
which may be related to its highly developed finance, in-
surance services and securities market. As a financial center,
a number of service enterprises have formed an outstanding
service network. However, emerging economies such as

Table 3: Characteristic statistics of the overall network of producer services trade.

Year Number of edges Network density Average degree Average path length Average clustering coefficient
2000 509 0.28 16.68 1.74 0.55
2004 658 0.36 21.57 1.64 0.61
2008 857 0.47 28.09 1.53 0.70
2012 892 0.49 29.25 1.51 0.71
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India, China had relatively small betweenness centrality,
indicating that they do not yet have the same industrial
advantages and control power as European and American
countries. In 2000, there were 25 countries whose be-
tweenness centrality value was 0, and it was reduced to 12
countries in 2012; the intermediary capacity of each country
in producer services trade network still has excellent dis-
parity, which is an alternative expression of the dependence
between trade supply and demand countries.

4.3.2. Centrality of the Weighted Network. In order to show
more clearly the changes in trade flow and volume over the
long term, a 61 ∗ 61 relationship matrix was constructed for
the weighted and directed network of producer services
trade in 2000 and 2012. (e rows of the matrix represent the
importing country, the columns show the exporting country,
and the cells suggest the trade flow from column nodes to
row nodes.

Figure 4 shows the export heat map of producer services
trade. (e shades of color represent the export volume of
producer services trade products of various countries. (e
larger the export volume, the darker the color. Comparing
the export heat maps of 2000 and 2012, we can find that
orange cells are more densely distributed, which suggests
that the interaction between trade entities and the breadth of
trade flow are gradually enhanced. However, both heat maps
are dominated by light blue cells; it can be found that al-
though the trade volume in this stage has increased sig-
nificantly, countries with weak trade exchanges of producer
services products still have a considerably large proportion,
shaping “center-remoteness” block matrix feature. (e
United States, Germany, the United Kingdom, Japan, Sin-
gapore, and other countries with frequent trade contacts
form the internal network of the central countries. From the
color change of cells, the trade interaction between the
central group countries was significantly raised in 2012,

while the density of trade flow between central countries and
external countries, as well as within external countries, was
relatively small. (is may be because the radiation and
driving force of the countries located in the central plate is
relatively limited, and the industrial foundation of the
marginal countries is weak So, it is difficult to form deep
integration in a short time.

Furthermore, we use the node strength to discuss the
centrality features in weighted network. Among them, the
out-strength and in-strength are expressed by the weighted
out-degree and weighted in-degree of the node, respectively.

Figure 5 describes the changes in the out-strength of
various countries. From 2000 to 2012, the export value of
producer services trade showed a rapid growth trend; the
United States, the United Kingdom, and Germany were in
the first echelon of out-strength ranking. (e advanced
production system and economic strength determined the
competitiveness and attractiveness of these countries. From
the perspective of spatial distribution, the countries with
higher out-strength were mainly concentrated in the Eu-
ropean region. Countries such as France, the Netherlands,
and Switzerland had strong supply capacity of producer
services products. Tunisia in Africa, Brunei and Cambodia in
Southeast Asia were the main low out-strength countries.
Japan and Singapore were in the leading position of Asia in
the network. In 2000, the range of out-strength was 114,366
million U.S. dollars, and in 2012 it rose to 275,008 million
U.S. dollars.(is indicates that there is spatial polarization in
the network, and the Matthew effect of the export of pro-
ducer services is prominent.

Emerging economies such as China and India have
gradually increased their ability to participate in producer
services trade. India is the country with the fastest growth in
out-strength, with an annual growth rate of 18.82%. From
2000 to 2012, China’s out-strength increased from 22nd to
14th; the reason is that China has considerable advantages in
many emerging markets such as foreign labor export

Table 4: Centrality analysis of the producer services trade network (Top 15).

Rank

2000 2012

Degree centrality Closeness
centrality

Betweenness
centrality Degree centrality Closeness

centrality
Betweenness
centrality

Country Value Country Value Country Value Country Value Country Value Country Value
1 USA 98.33 USA 98.36 USA 26.62 USA 100.00 USA 100.00 USA 10.75
2 DEU 85.00 DEU 86.96 GBR 10.39 GBR 95.00 GBR 95.24 GBR 4.78
3 GBR 80.00 GBR 83.33 JPN 7.21 DEU 93.33 DEU 93.75 DEU 4.05
4 JPN 75.00 JPN 80.00 ITA 6.26 FRA 88.33 FRA 89.55 FRA 3.10
5 FRA 68.33 FRA 75.95 AUT 4.20 NLD 86.67 NLD 88.24 JPN 2.93
6 ITA 65.00 ITA 74.07 CAN 3.97 SUI 85.00 SUI 86.96 NLD 2.76
7 NLD 61.67 NLD 72.29 FRA 3.57 JPN 81.67 JPN 84.51 SIN 2.60
8 SUI 61.67 SUI 72.29 CHN 2.72 ITA 81.67 ITA 84.51 SUI 2.50
9 SIN 55.00 SIN 68.18 SIN 2.07 DNK 80.00 DNK 83.33 ITA 2.35
10 DNK 51.67 DNK 67.42 SUI 1.69 SIN 78.33 SIN 82.19 DNK 2.04
11 ESP 50.00 ESP 65.93 IND 1.60 BEL 78.33 BEL 82.19 KOR 1.97
12 CHN 45.00 CHN 64.52 BEL 1.27 KOR 78.33 KOR 82.19 BEL 1.81
13 KOR 45.00 KOR 64.52 KOR 0.98 CHN 76.67 CHN 81.08 CHN 1.27
14 CAN 43.33 CAN 63.83 BRA 0.98 SWE 71.67 SWE 77.92 AUT 1.01
15 BEL 40.00 BEL 61.86 DEU 0.62 IND 70.00 IND 76.92 SWE 0.98
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Figure 3: Continued.

10 Complexity



(including engineering), international tourism, trans-
portation and logistics, which is the main direction of service
trade export. As a result of the negative effect of the global
financial crisis, the average annual growth rate of the out-
strength of primary countries declined from 2008 to 2012,
and even the out-strength index of the United Kingdom,
Italy, Sweden, and other countries that were greatly affected
did not increase but decreased in 2012.

Figure 6 shows the modification of the in-strength of
producer services trade network. Since the influence of weight
on node strength is considered, the importance of some
countries has gradually improved with the increase of trade
flows, such as India and China, but the performance is

relatively different. India is driven by a large number of
exports, while China is mainly pulled by the growth of im-
ports. It can be said that India’s out-strength effect is more
potent than its in-strength effect, while China’s is on the
contrary, which may depend on the fact that China is a typical
producer services consumption country and has a high degree
of external dependence. China’s weight in-degree increased
from the 16th in 2000 to the 4th in 2012. It was the fastest-
growing country in the sample, with an average annual
growth rate of 19.38%. Among them, the United States, Japan,
South Korea were the primary sources of imports.

Due to the lack of information technology and human
capital, as well as the obstacles of opening-up level and
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Figure 3: (e evolution of centrality of the producer services trade network.
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management organization, the out-strength and in-strength
of Eastern European countries such as Estonia, Lithuania,
and Latvia, as well as the southern European countries such
as Bulgaria and Croatia remained weak. So, they had only
low comprehensive influence. Further, the in-strength shows
the Matthew effect of increasing range, which is the same as
that of out-strength.

Compared with the centrality analysis in the unweighted
network to explore which countries have a wider trade scope
and greater control over resources and information, the
centrality index in the weighted network, node strength,
considers more deeply the impact of trade volume on the
status of countries in the network. Typically, several
emerging developing economies have not shown remarkable
core power in the unweighted network, but their position in
the weighted network has risen significantly due to the
consideration of trade scale. Integrating the centrality re-
search results of the two kinds of networks, we found that
there is a strong positive correlation between them; countries
with more trading partners tend to have higher trade
strength. For instance, countries such as the United States,

the United Kingdom, and Germany with higher node
centrality indicators in the unweighted network are con-
sistent with countries with upper node strength in the
weighted network; these countries have both extensive trade
links and substantial foreign trade.(e reason lies in that the
developed countries have a solid base of producer services
and provide comprehensive policy support for producer
services trade. Under their competitive advantages in
knowledge-intensive and technology-intensive services in-
dustries, they can choose more trade target countries and
generate massive trade flows, thus becoming a powerful
producer services trade country.

5. Cohesive Subgroup Analysis and Core-
periphery Structure Analysis

5.1. Cohesive SubgroupAnalysis. In the formation process of
producer services trade network, the trade entities will
conform subgroups due to the affinity of trade relations.
(erefore, referring to Wang’s research method [45], con-
sidering that the subgroup division is more robust after long-
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Figure 4: Export heat map of producer services trade. (a) 2000; (b) 2012.
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term development, this paper selects 2000 and 2012 as the
representative years, and uses the CONCOR algorithm to
carry out cohesive subgroup analysis, so as to determine the
number of subgroups and the members included in them,
and explore the spatial spillover relationship, with the
purpose of studying the evolution of producer services trade
network from the perspective of subgroup structure.

(e calculation results show that the producer services
trade network has cohesive subgroup structure, and the
classification of cohesive subgroups is not strictly based on
the economic level. According to Figure 7(a), the producer
services trade network in 2000 was divided into four sub-
groups, of which subgroup I was represented by the United
States, Netherlands, and the United Kingdom. (is

subgroup was agglomerated by the attraction of economic
strength to form an American and European community
composed of 13 countries. Subgroup II had the most
enormous scale. Due to geopolitical and cultural factors, it
had formed an Asia-Europe association represented by
China, India, including 29 Asian, European, and African
countries such as South Korea and Singapore. Subgroup III
was represented by Hungary, including 15 European and
South American countries such as Czech and Chile. Sub-
group IV was an independent community consisting of
Croatia, Cambodia, Bulgaria, and Lithuania. Shown by
Figure 7(b), the number of subgroups did not change in
2012, but the community differentiation within the sub-
groups was modified. China, South Korea, and other rapidly
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Figure 5: Out-strength spatial distribution of the weighted and directed network.
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developing Asian countries entered subgroup I from sub-
group II, and integrated with developed countries into a
community. Subgroup II was still the community with the
largest number of members. (e close geographical distance
made Croatia and Bulgaria enter subgroup III from sub-
group IV; thus, subgroup III became an association with
southern European countries as its main members, while the
subgroup belonging to other major countries in the world,
such as Russia and Canada, had little change. Countries such
as the United States, Germany, the United Kingdom, France,
and Japan were all in the same subgroup in 2000 and 2012;
these countries tend to choose each other based on the
principle of reciprocity and have stronger condensation
effect compared with trade linkages among other countries.

Table 5 shows the spatial spillover relationship be-
tween cohesive subgroups, and the value of the diagonal of
the density matrix reflects the density of the internal
association of the subgroups. In 2000, the density value
within subgroup I was the largest, the trade ties among the
member states in the plate were relatively sufficient, and
subgroup I had a distinctive feature of reflexivity. (e
reason is that subgroup I, including the United States,
Germany, the United Kingdom, and other traditional
powers of producer services trade, can exert significant
influence on trade by making use of location attraction
and industry advantages. In addition, subgroup I had a
strong spillover effect on subgroup II, and the import of
producer services trade of subgroup II mainly came from
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Figure 6: In-strength spatial distribution of the weighted and directed network.
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subgroup I. Subgroup II also had spillover effect on
subgroup I, while the internal relationship was weak.
Subgroup III only had fairly sparse trade relationship with
subgroup I, and subgroup IV even did not have any ac-
ceptance or sending links with other subgroups. In 2000,
both subgroup III and subgroup IV were in an extremely
isolated position in the network. It can also be seen that
the radiation effect of subgroup I on subgroup III and
subgroup IV was still less, and the whole network was in a
very unbalanced development stage.

In 2012, the density coefficient did not appear to a value
of 0, and the values in the density matrix were all greater
than those in 2000, indicating that the correlation between
and within each subgroup was closer than that in 2000.
Subgroup I was still in the plate with the closest internal
trade connection, and it not only had significant spillover
effect on subgroup II and subgroup III but also had a
stimulating effect on the trade development of subgroup IV.
From the point of view of the relationship between sub-
groups, subgroup II and subgroup I had the closest trade
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Figure 7: Cohesive subgroups of the producer services trade network in 2000 and 2012.

Table 5: Density matrix of cohesive subgroups of the producer services trade network.

2000 2012
I II III IV I II III IV

I 0.833 0.515 0.144 0.000 I 0.980 0.797 0.427 0.103
II 0.509 0.081 0.028 0.000 II 0.652 0.190 0.033 0.043
III 0.149 0.021 0.010 0.000 III 0.491 0.054 0.244 0.011
IV 0.000 0.009 0.000 0.000 IV 0.183 0.037 0.022 0.048
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relations, and the economies within these subgroups en-
hanced each other’s influence through stable trade coop-
eration. Subgroup III also had spillover effect on subgroup I,
and the internal trade linkage strength had been dramatically
improved. (is may be benefited by the evolution of sub-
group III into a Southern European community in 2012, and
the spatial proximity made the trade cooperation within the
subgroup more intimate. However, the trade relationship
between subgroup IV and other subgroups was still fairly
sparse, making it difficult for each subgroup in the trade
network to form a closed transmission mechanism in space.
(e subgroup agglomerated by countries with powerful
economic forces (the United States, the United Kingdom,
etc.) had radiative impact on both the inner and outer
subgroups, which can be considered as an obvious two-way
spillover effect, while the members who were in the position
of the orphan depend on the supply from that subgroup.

5.2. Core-Periphery Structure Analysis. (e core-periphery
structure analyzes the spatial pattern evolution from the
perspective of the network secondary structure. Chen Yinfei
pointed out that the world economic structure can be di-
vided into three levels, namely, the core layer, the semi-
periphery layer, and the periphery layer. It is believed that
the countries with the core degree greater than 0.1 are lo-
cated in the core layer, countries with core degree greater
than 0.01 but less than 0.1 are in the semi-periphery layer,
and countries with core degree less than 0.01 are in the
periphery layer [46]. Compared with other indexes, the core
degree can directly reflect the national status and spatial
hierarchy structure of the network. Most notably, the cen-
trality and core degree are not necessarily the same; the
centrality index reflects the growth of trade link and volume
between countries, while the core country refers to the part
of the subjects with strong interaction in the countries with
high centrality. In the case of the lack of linkages between
actors with high centrality, their core degree may be low.

As can be seen from Table 6, there is a “core-semi-pe-
riphery-periphery” structure in producer services trade
network, but the number and members of each layer change,
resulting in the reorganization of the hierarchical structure.
(e number of core layer countries only increased signifi-
cantly in 2004, showing an inverted U-shaped trend of first
rising and then falling. Most of the countries were in the
semi-periphery areas, while the number of periphery
countries has significantly increased from 2000 to 2012. (e
possible reason for this phenomenon is that the core
countries are mainly developed countries, which have the
right to speak and formulate rules of producer services trade.
In order to maximize their own interests, many trade
agreements have been signed. However, the existing rules
have not adequately solved the problem of trade liber-
alization. Instead, the different preferential treatment and
origin rules of each agreement are intertwined to form the
“spaghetti bowl” effect, leading to the marginalization of
some underdeveloped countries. As the trade network is
supported by fewer core countries and semi-periphery
countries, the control power has slightly decreased, which

makes the network vulnerable, necessitating its structure to
be optimized and improved

(e results in Table 7 show that the core degree of each
country fluctuated from 2000 to 2012. (e top ten countries
in the core degree were mainly powerful nations in Western
Europe, such as the United Kingdom (GBR), France (FRA),
and Netherlands (NLD). Regarding specific changes, the
core degree of the United States declined significantly in
2004 and 2012. (e reason may be that China’s accession to
the WTO and the official circulation of Euro increased the
core degree of China, Germany, and France, resulting in the
core degree of the United States declining for the first time.
After the subprime crisis of 2008, the core degree of the
United States declined for the second time. (e core degrees
of European Union (EU) member states, Germany and
France, maintained the same change trend from 2000 to
2012. (e Euro currency promoted the trade status of
member nations, so the core degree of both countries im-
proved greatly in 2004. Due to the impact of the financial
crisis, the core degree in 2008 was lower than that in 2004,
but after that, their core degree resumed the upward trend
with the gradual recovery of the economy. Furthermore,
countries with a high degree of centrality such as France and
Denmark do not have a high core degree, which verifies the
conclusion that the centrality index and core degree are not
entirely the same. In terms of emerging economies, the core
degree of BRICs member countries, namely, Brazil (0.062 to
0.085), China (0.02 to 0.099), Russia (0.038 to 0.05), and
India (0.044 to 0.094), have significantly improved from
2000 to 2012, reflecting the increasing competitiveness and
importance of these trading entities and the apparent ten-
dency of diversification of the network.

6. Analysis of the Influencing Factors of the
Producer Service Trade Network

After exploring the spatial heterogeneity and dynamicity of
the producer services trade network, we further use the
method of QAP regression to study the determinants of the
evolution of network structure. In order to evade the great
impact of the financial crisis on the structural changes of
producer services trade network, this paper selects 2012,
when the market gradually recovers stability and economic
growth, and 2000, the first year of the statistical year, for
QAP regression analysis. (e corresponding matrix of the
variables was brought into the regression model; after 2000
random permutations, the QAP regression results of the
unweighted network and weighted network (shown in Ta-
ble 8) are obtained. (e models all pass the significance test
of 1%.

By comparing the results in Table 8, it can be found that
the estimated coefficient of economic distance was signifi-
cantly negative in each regression model, indicating that the
smaller the difference in economic development level be-
tween countries, the more conducive to the generation of
trade relations and the increase of trade flows. (e reason is
that countries with small difference in economic levels have
similar consumption structures, which increases the possi-
bility of producer services trade. Trade agreement relations
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had an important positive impact on the trade network in
2000, with common trade agreements facilitating trade
exchanges. However, in the 2012 unweighted network, the
regression coefficient did not pass the significance test of 1%.
In the weighted network, it was significantly negative. (e
reason may be that the signing of a variety of bilateral and
regional services trade agreements has formed the phe-
nomenon of a “spaghetti bowl,” and the producer services
trade faces greater disputes, which on the contrary inhibits
the trade cooperation among countries. (e estimated
coefficient of geographic distance was not significant in
the two networks in 2000. In 2012, it was negative in both
the unweighted and weighted network, and has passed the
significance test of 1%, which shows that the producer
services trade is also affected by geographic distance. (is
may be related to the fact that some producer services
trade relies on goods trade and people’s spatial trans-
formation, such as the transportation industry, which is
vulnerable to the influence of geographical distance,
resulting in spatial proximity changing the structure of
trade network. (e regression coefficient of institutional
distance was not significant in the unweighted network in
2000, but it is positive in 2012, and has passed the

significance test of 10%; the institutional difference be-
tween the two countries had a certain impact on the es-
tablishment of trade ties. However, in the weighted
network of 2000 and 2012, the regression coefficient of
institutional distance had an extremely remarkable neg-
ative effect on trade network, indicating that countries had
greater trade volume with partners adjacent to their own
systems. (is depends on the smaller institutional dif-
ference to reduce the distortion of resource allocation and
the occurrence of corruption, and the lack of effective
institutional guarantee will make international trade
prone to friction and disputes. Language relationship had
a notable positive impact on the formation of producer
services trade network. (e reason is that the linguistic
homogeneity may mean that they are in the same cultural
circle, communication barriers and risks in trade are less,
thus it is easier to create trade links, and trade scale is
larger than in countries with greater cultural difference.
(e regression coefficient of technical distance was sig-
nificantly positive, which was consistent with the research
conclusion of Yang Chen, who analyzed the factors
influencing the services trade network structure from the
perspective of industry heterogeneity. (e difference in

Table 6: Number of core, semi-periphery, and periphery countries, 2000–2012.

Year 2000 2004 2008 2012
Core layer 12 15 11 12
Semi-periphery layer 46 38 42 38
Periphery layer 3 8 8 11

Table 7: Core degree of the producer services trade network (Top 10).

Year 2000 2004 2008 2012
Rank Country Core Country Core Country Core Country Core
1 USA 0.626 USA 0.577 USA 0.679 USA 0.620
2 GBR 0.473 GBR 0.410 GBR 0.367 GBR 0.396
3 DEU 0.251 DEU 0.307 DEU 0.256 DEU 0.273
4 JPN 0.248 JPN 0.268 JPN 0.238 JPN 0.249
5 NLD 0.198 CAN 0.217 IRL 0.192 SUI 0.211
6 SUI 0.166 FRA 0.212 SUI 0.185 IRL 0.189
7 FRA 0.160 NLD 0.196 KOR 0.185 CAN 0.187
8 ITA 0.148 SUI 0.174 FRA 0.171 NLD 0.184
9 BEL 0.144 IRL 0.164 NLD 0.169 FRA 0.176
10 ESP 0.129 ESP 0.135 IND 0.152 SIN 0.124

Table 8: QAP regression result of the producer services trade network.

Variable
Unweighted network Weighted network

2000 2012 2000 2012
Dis_gdp −0.041∗ −0.062∗ −0.034∗ −0.060∗∗
Comfta 0.131∗∗∗ 0.026 0.045∗ −0.058∗
Dis_cap −0.057 −0.144∗∗∗ −0.037 −0.110∗∗∗
Dis_ins 0.016 0.044∗ −0.063∗∗∗ −0.062∗∗∗
Comlan 0.108∗∗∗ 0.083∗∗∗ 0.108∗∗∗ 0.130∗∗∗
Dis_tec 0.261∗∗∗ 0.201∗∗∗ 0.178∗∗ 0.172∗∗
Dis_pop 0.086∗ −0.001 0.028 −0.028
Notes: ∗∗∗represents p< 0.01, ∗∗represents p< 0.05, ∗represents p< 0.1.
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technological level is in favor of the occurrence of new
services trade relations such as finance and communi-
cation industry [33]. (e regression coefficient of pop-
ulation size difference was only positive in the 2000
unweighted network, but not in other networks. It shows
that in 2000, countries with large populations tended to
establish trade links with small population countries, but
they did not significantly increase trade scale. Because the
difference of population size cannot directly affect the
opening of the service market, this variable has little effect
on the changes of producer services trade network.

7. Discussion and Conclusion

(is paper constructs producer services trade network and
explores its spatial heterogeneity and structural evolution.
(e main contribution lies in the innovative analysis
framework of integrating social network and economic
geography, deepening the comprehending of network to-
pological function and interaction in producer services trade
system, and providing reference for policy-makers to adopt
appropriate trade strategies. (e leading conclusions are as
follows.

Geographically, the producer services trade network has
evolved from a dual-core structure of “USA-Western
Europe” to the radial mode with the United States as the
explosive point. (e spatial heterogeneity reflects the im-
balance of trade pattern; frequent trade activities are pri-
marily concentrated in developed countries in East Asia,
North America, and Western Europe, and the low-value
trade agglomeration areas in southern Europe and Southeast
Asia are the “depressions” that hinder the process of eco-
nomic integration. Topologically, the density and average
degree of the network have an upward trend, and the
phenomenon of small world network is increasingly ap-
parent. (e entire network exhibits the structural feature of
“core-semi-peripheral-periphery”; Western Europe is a
gathering area of core countries, and Japan and the United
States have the most principal forces in Asia and North
America, respectively. Due to the negative impact of various
asymmetric trade agreements, the number of marginal
countries continues to increase, which is detrimental to the
stable and complete development of the trade network.(us,
we need to consider relative convergence when formulating
new and amending trade rules, set comparatively uniform
origin rules, eliminate rule overlaps and conflicts, and es-
tablish efficient rule implementation and dispute settlement
institutions.

(e QAP regression analysis shows that this structure
evolution of the producer services trade network is often
conditioned by trade agreement relations, language rela-
tions, and differences in economy, geography, institution,
and technology between the two countries. In particular, the
language difference and technological distance have greater
impact in each model. (erefore, each country still needs to
strengthen trade ties with partners in the same cultural
circle, unite with similar stakeholders to implement diver-
sified trade market strategies, and cultivate the core

technological advantages of domestic producer services to
enhance the status of international division of labor.

In terms of competitiveness evaluation, countries with
superior centrality and core degree, such as the United
States, the United Kingdom, and Germany, have undoubted
leading power and sufficient producer services supply ca-
pacity, and assume the role of bridges and supporters in the
network. China, India, and other emerging economies have
benefited from increased node strength and improved their
position in the network, but it did not change the trade
configuration dominated by developed countries. Due to the
high technical threshold, it is difficult for most developing
countries to occupy the export market. (erefore, they need
to enhance the industrial attraction and competitive ad-
vantage through innovation-driven endeavors. For example,
relevant enterprises are encouraged to increase the invest-
ment of capital, technology, and talents, and establish re-
search and development centers, so as to improve the export
quality of producer services trade.

With regard to the system interaction, cohesive subgroup
analysis reveals that the producer services trade network has
spatial spillover relations; major traditional service trade powers
in Europe are condensed in the same subgroup based on the
principle of reciprocity, but its radiation and driving power for
isolated subgroups is still very small, which is not conducive for
the integration of member states into the trade network. (us,
isolated subgroups need to strengthen cooperation with
countries with strong spillover effects, import appropriate
production factors, and form optimal allocation with domestic
resources to stimulate development potential and trade par-
ticipation, and ultimately establish a mutually beneficial and
win-win trading system.

However, this article still has some limitations, which
can be further improved and supplemented in future work:

(1) Due to the problem of data availability, the research
interval is relatively lagging at this stage. When the
data are easy to obtain, we will further analyze the
complexity and systematic characteristics of pro-
ducer services trade network in recent years, espe-
cially the impact of trade war and COVID-19
epidemic on the network.

(2) (is article is a holistic analysis that integrates the
trade data of producer services industries. (e next
step is to conduct a more detailed study of each sub-
industry and explore the changes in the trade pattern
from multiple industrial dimensions.

(3) At present, this paper still stays at the basic level of
the analysis of the characteristics of producer ser-
vices trade network, without an in-depth theoretical
research. In the future, we need to use more complex
system theory to explore the dynamic features and
evolution mechanism of the trade network.
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(e relevant data of this paper can be obtained from the
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