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ABSTRACT The process of economic globalization and the deepening of industrial division of labor
increases the flow frequency of producer services between countries and regions, which affects the industrial
upgrading and economic system construction. Producer services industry is an important engine of future
world economic development. Understanding the evolution of its value chain network plays a significant
role in clarifying a country’s position in the division of labor system and carrying out global early warning
and prevention. The traditional statistical caliber ignores the trade of intermediate goods generated by global
piecemeal production, which is prone to misjudge the real trade pattern. Therefore, from the perspective of
global value chain (GVC), this paper constructs the global value network of producer services by adopting
value-added accounting method and complex network analysis, and explores its structural characteristics
and the determinants of the network hub status of various countries, so as to reveal the real benefits and
international status of each country in the pattern of producer services trade. There are several findings
yielded from this study as well. Firstly, domestic value-added (DVA) absorbed abroad and foreign value-
added (FVA) contribute the most to the growth of producer services trade. Both the breadth and depth of
trade in DVA network and FVA network have developed evidently, which helps countries to extend the length
of production and the degree of embeddedness in the value chain. Secondly, the community distribution
of value-added trade network of producer services shows regional characteristics, which can also break
through the constraints of geographic location, and the change of community is in line with the trend of
globalization. China’s enhanced status in the trade network enables it to participate in more links of the
global value chain, which dilutes the leading ability of western economies such as the United States and
Germany in the producer services trade. Finally, economic scale, physical capital and infrastructure can
significantly improve a country’s position in the value-added trade network of producer services. In the case
of conditional distribution, technological innovation and regional trade agreements also play a positive role.
Based on this, we propose that countries should strengthen the construction of digital infrastructure and
implement diversified and open strategies to enhance the network status of their producer services in the
global value chain.

INDEX TERMS Global value chain, producer services, value-added trade, complex network.

I. INTRODUCTION
Global value chain (GVC) has broken the traditional pro-
duction process of ‘‘national manufacturing’’, and the
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international division of labor has been transformed from
‘‘intra-industry’’ to ‘‘intra-product’’. With the help of global
value chain, the production process can be jointly completed
by different countries and regions, and intermediate trade
has become the mainstream international trade mode [1], [2],
[3]. Producer services industry, a service sector derived from
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the manufacturing industry, plays an important role in the
intermediate links of the value chain. It is the bridge for
human, technology, knowledge and other capital to integrate
into the production sequence. It is not only a critical source
to realize the value-added of product value, but also the main
segment of product differentiation and enterprise survival
competition [4], [5], [6].

The perspective of GVC is characterized by value-added
trade, which avoids the problem of double calculation due to
ignoring the composition and flow of value-added and inter-
mediate trade in the traditional accounting framework, and
has gradually become a hot issue in the field of international
trade. The concept of GVCwas first defined by Krugman and
Venables [7]. Hummels [8] pointed out vertical specialization
index and proposed the HIY method based on input-output
table to calculate the value chain. Later, Daudin [9] developed
the DRS method to analyze the distribution of value-added of
final product production in various countries. Koopman [10]
built the ICIO database on the basis of HIY and DRS meth-
ods, decomposed the export value-added of various coun-
tries under a unified analytical framework, and evaluated the
position of a country or region in the global value chain.
Wang [11] further improved the GVC decomposition frame-
work of industrial and bilateral sectors based on the study of
Koopman’s model, and more generally formed the theory of
value-added accounting from the level of global value chain.
Due to the more obvious characteristics of fragmentation and
modularity in the production process of manufacturing indus-
try, the research results on the status climbing and restruc-
turing of manufacturing global value chain are relatively
abundant [12], [13], [14]. By investing producer services
activities in the production of manufacturing industry, more
service value-added is included in its indirect export, thus
improving the position of enterprises in GVC. It can be seen
that service, as an adhesive, plays a vital role in coordi-
nating the various links of GVC. This also attracts some
scholars to study the global trade pattern of service industry
by using trade decomposition frameworks such as KPWW
and WWZ [11]. Chen [15] took Taiwan and South Korea as
examples to discuss value-added of service industry, emphat-
ically analyzed their bilateral trade with China, and found
that the proportion of value-added of Taiwan’s intermediate
goods exported to China lags behind that of South Korea.
Eduardo [16] estimated the value-added of services contained
in export goods of different Latin American countries by
using interregional input-output analysis. As a core sector in
the service industry, the research on the global value chain
of producer services is still in the development stage. Cheng
[17] discussed whether the producer services industry has
cost disease in the context of global value chain, and found
that the competition of global value chain has led to the
diffusion of producer services industry and the improvement
of productivity, thus reducing the supply cost of the industry.
Claudio [18] used the world input-output table to expand the
subsystems set up in many countries, and found that the spe-
cialization degree of producer services in the manufacturing

subsystem was getting higher and higher. Therefore, manu-
facturing servitization is an important content to study the
participation of producer services in GVC [19].

When analyzing international trade issues with the help of
complex network method, many studies are carried out from
the trade in goods and services such as virtual water trade and
waste copper trade [20], [21], [22], [23]. However, in fact, this
method is quite consistent with the analysis of global value
chain, which focuses on the industrial association between
countries. The status of a country in the global division of
labor system needs to be identified through its interaction
with other countries in the relationship network, which is also
in line with the characteristics of complex network analysis
taking ‘‘relevance’’ as the research object [24], [25]. Global
value chain distinguishes the international trade network
from the gross value framework, the input-output method
is used to decompose the value-added trade links between
countries. The obtained value-added network can better
reflect the value flow pattern in the international division of
labor composed of the value creation, flow and distribution
activities of countries or industries [26], [27], [28], [29].
Sui [30] compared the structural evolution of trade network
and value-added trade network along the ‘‘Belt and Road’’,
and revealed the dynamic characteristics of the actual trade
pattern. Wang [31] constructed total exports (TEX), domestic
value-added (DVA) and foreign value-added (FVA) networks
in manufacturing, and revealed the impact of regional trade
agreements on manufacturing value-added trade by using
QAP method. Wu [32] further decomposed the domestic
value-added of exports, constructed the global energy trade
domestic value-added network and three sub-networks, and
analyzed their characteristics and driving factors. Yao [33]
adopted WWZ decomposition accounting method and com-
plex network method to analyze the topological structure
and evolution characteristics of value-added trade network
in the service industry. However, the existing literature has
not demonstrated the value-added trade network of producer
services in detail.

In view of this, this paper uses the world input-output
table data andWWZ value-added accountingmethod to study
the features of global value network of producer services.
On the one hand, we can more accurately reflect the real
gains of producer services trade and identify the flow and
direction of different value sources to effectively overcome
the misjudgment caused by direct trade volume. On the other
hand, we canmeasure the relative positions of countries in the
value-added trade network of producer services frommultiple
perspectives to comprehensively evaluate their international
status in the global division of labor system and enhance
their voice and international influence. The main contri-
bution of our research lies in the following three aspects.
First of all, this paper presents the actual picture of inter-
national trade in producer services from the perspective of
global value chain by absorbing the latest achievements of
value-added accounting. Secondly, this paper uses complex
network method to construct domestic value-added network
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FIGURE 1. The flow chart of the research framework.

TABLE 1. The fifteen producer services sectors involved in this paper.

and foreign value-added network, and analyzes its structural
evolution from three dimensions of whole, individual and
community. Finally, the econometric model is used to analyze
the driving factors affecting the pivotal position of countries
in the trade network, which provides a theoretical basis for a
country to realize local upgrading and power governance in
the global trade pattern.

The rest of this article is arranged as follows. Section 2 is
the data sources and decomposition of value-added trade.
Section 3 shows the results of network analysis and influenc-
ing factor analysis. Section 4 is the conclusion and policy.

II. DATA SOURCES AND RESEARCH METHODS
A. DATA DESCRIPTION
The flow chart of this paper is shown in Figure 1.
We use the newly released input-output table of the WIOD
Database to calculate value-added trade, which includes
data from 56 industrial sectors in 43 countries and regions
from 2000 to 2014. According to the division of services trade
by the United Nations and the definition of producer services

in WIOD database by Huang [34], the producer services
investigated in this paper are 15 sectors in the world input-
output table, as shown in Table 1.

B. RESEARCH METHODS
1) THE DECOMPOSITION OF VALUE-ADDED OF PRODUCER
SERVICES TRADE EXPORTS
Using the WWZ theoretical framework [11], this paper
decomposes the total export of producer services trade into
the following parts: Domestic value-added (DVA), includ-
ing domestic value-added of final exports (DVA_FIN),
intermediate exports absorbed by the direct importing
countries (DVA_INT), intermediate exports absorbed by
exports produced by direct importing countries to third coun-
tries (DVA_INTREX); Domestic value-added returned and
absorbed by home country (RDV); Foreign value-added
(FVA), including value-added of importing country implied
in exports (MVA), value-added of third country implied in
exports (OVA); Pure double counted item (PDC), including
domestic pure repeat calculation (DDC) and foreign pure
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FIGURE 2. Decomposition of value-added of producer services trade. (a) Value-added scale of each part. (b) Value-added proportion of each part.

repeat calculation (FDC). Each part satisfies the formula:

DVA = DVAFIN + DVAINT + DVAINTREX (1)

FVA = MVA+ OVA (2)

PDC = DDC + FDC (3)

Figure 2(a) shows the size and variation of each component
of producer services export trade, and Figure 2(b) reveals the
proportional composition of value-added. According to the
decomposition results, the value-added of global producer
services showed a trend of steady increase in other years,
except that the impact of the financial crisis caused a signifi-
cant decline. Meanwhile, DVA accounted for more than 80%
of the export value-added of producer services trade, followed
by FVA, while RDV and PDC had a smaller proportion. DVA
and FVA are the main components in the decomposition of
producer services trade, and DVA is a direct source of profits
for a country to participate in international trade. FVA is an
important symbol of a country’s integration into the global
value chain and international division of labor. Therefore,
this paper focuses on these two types of value-added trade
to investigate the basic pattern and evolution of producer
services trade.

The further decomposition results of DVA, FVA and PDC
are shown in Figure 3, the variation trend of added value
after decomposition was the same as that of the whole.
The domestic value-added of final export and the interme-
diate export absorbed by the direct importing country are
the main parts of DVA. Implicit third country value-added
in exports and foreign double counting account for a large
proportion of FVA and PDC, respectively. This shows
that the foreign value-added in producer services exports
mainly comes from other economies other than the direct
importing countries, and the international division of pro-
duction is significantly higher than the domestic division of
production.

2) NETWORK CONSTRUCTION
Based on the decomposition result of value-added trade,
domestic value-added export and foreign value-added export
are the most important two parts. Therefore, taking coun-
tries and regions involved in value-added trade as nodes and
their trade relations as edges, the weighted directed DVA
network and FVA network are constructed to investigate the
evolution of value-added trade network of producer services
from the perspective of global value chain. At the same
time, we use the threshold method adopted by Amador &
Cabral [26] for reference to binarize the network, and set the
thresholds of DVA and FVA networks as 100 and 20 million
US dollars, respectively. The network trade volume after
taking the threshold over the years accounts for more than
90% of the corresponding all-unicom network trade volume,
indicating that the network after extracting the threshold is
representative.

3) NETWORK INDICATORS
On the basis of constructing the value-added trade network
of producer services, the following indicators are used to
describe its topological characteristics from the three dimen-
sions of the whole, individual and community.

a: DENSITY

D = L/(n(n− 1)) (4)

where L is the actual number of edges in the network, and n
is the actual number of nodes.

b: AVERAGE DEGREE

〈k〉 =
1
n

∑n

i=1
ki (5)

where ki represents the degree of node i.
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FIGURE 3. Decomposition results of DVA, FVA and PDC of producer services trade. (a) The decomposition of DVA.
(b) The decomposition of FVA. (c) The decomposition of PDC.

c: AVERAGE PATH LENGTH

l =

∑
i,j d(i, j)

n(n− 1)
(6)

where d(i, j) represents the shortest distance between any two
nodes.

d: AVERAGE CLUSTERING COEFFICIENT

C =
1
n

n∑
i=1

ei
ki(ki − 1)

(7)

where ei is the number of edges between ki neighbors of
economy i.

e: NODE CENTRALITY
Centrality is the core index tomeasure the criticality of nodes,
including node degree, node strength, closeness centrality,
betweenness centrality and PageRank centrality.

First, the node in-degree k ini and out-degree kouti are defined
according to the direction of edges:

kouti =

∑n

j=1
aij (8)

k ini =
∑n

j=1
aji (9)

If there is a trade relationship between node i and j, aij = 1,
otherwise aij = 0.

Second, the node in-strength S ini and out-strength Souti are
defined as:

Souti =

∑n

j=1
aijwij (10)
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S ini =
∑n

j=1
ajiwji (11)

Third, closeness centrality is expressed as:

C(c)i =
1∑n

i6=j d(i, j)
(12)

Fourth, betweenness centrality is defined as:

C(b)i =
2

(n− 1)(n− 2)

n∑
p=1

n∑
q=1

gpq(i)/gpq

(i 6= p 6= q; p = 1, 2, 3, . . . , n; q = 1, 2, 3, . . . , n)

(13)

where gpq represents the shortest path between nodes p and q,
and gpq(i) is the shortest path from node p to q through node i.
Fifth, PageRank centrality holds that the significance of

nodes depends on the number and quality of neighbor nodes,
that is, the weighted combination of the importance of nodes
pointing to it. The measure of PageRank index needs to be
iterated continuously through the correction rules to make it
converge to a stable value. The initial state requires that the
PageRank(0) value of all nodes meet

∑
i
PageRank(0)it = 1,

where i stands for nodes in the network, and t represents the
time. The PageRank value of the step k of the iteration is
obtained by modifying the PageRank value of the step k − 1.
The specific calculation formula is:

PageRank(k)it = α
n∑
j=1

aji
PageRank(k − 1)jt

out deg reejt
+

1− α
n

(14)

The PageRank centrality is set with a scale constant α
between [0,1]. Following Brin and Page [35], α is set as 0.85.
aji is the element in Google matrix At . out deg reejt is the
out-degree centrality of country j in year t ,and n is the number
of nodes in the network. The larger the PageRank index, the
stronger the country’s leading ability in the network.

f: TRADE COMMUNITY DIVISION
Modularity is not only an effective method to estimate the
structural strength of complex network community, but also
an index to measure the quality of network community divi-
sion [36]. This paper adopts the Fast Unfolding algorithm
to calculate the community modularity. The main goal of
this iterative algorithm is to continuously divide communities
so that the modularity of the entire network after division
continues to increase [37]. The calculation formula is:

Qw =
1∑

ij
wij

∑
ij

[wij −
sisj∑
ij
wij

]δ(Ci,Cj) (15)

where si and sj represent the strength of node i and j, and wij
is the edge weight of node i and j in the network, Ci and Cj
refer to the communities of node i and j. If node i and j are in
the same community, δ(Ci,Cj) is 1, otherwise 0. The value of
Q ranges from [−0.5,1]. The higher the value ofQ, the higher
the degree of modularity.

III. RESULTS AND ANALYSIS
A. HIERARCHICAL DIVISION OF VALUE-ADDED TRADE
NETWORK OF PRODUCER SERVICES
According to the strength of countries (regions), PAJEK’s
hierarchical clustering algorithm is used to identify the
hierarchical level of value-added trade network of producer
services. After obtaining the hierarchical files, they are con-
verted into partition files and imported into VOSviewer
in 2D format for visualization. The results are shown
in Figure 4.

Figure 4 shows that from 2000 to 2014, DVA network
gradually developed from single core circle layer structure
to multi-core circle layer structure, the hierarchical pyramid
structure emerged, and the node size was directly propor-
tional to the strength. In 2000, only the United States was
at the core, which was the global leader in the value-added
trade of producer services. The United Kingdom, Canada and
other European and American countries, as well as Japan in
East Asia, constituted the second echelon of DVA network.
Germany, France, the United Kingdom and the Netherlands
jumped from the semi-periphery layer to the core layer in
2014. China, which was at the periphery layer in 2000, also
climbed to the core layer of DVA network with the increase
of trade scale, which is closely related to the rapid develop-
ment of China’s producer services industry and its growing
importance in trade activities.

FVA network showed a more notable multi-level structure.
From 2000 to 2014, the ‘‘core-edge’’ structure evolved from
three levels into four levels, with the United States maintained
at the center. Countries in themiddle circle, such as theUnited
Kingdom and France, were the ties of the FVA network,
which inherited core nodes and other marginal nodes from
top to bottom. China and Ireland have significantly improved
their hierarchical status and gradually became the major par-
ticipants in the global value chain.

B. THE OVERALL CHARACTERISTICS OF VALUE-ADDED
TRADE NETWORK IN PRODUCER SERVICES
The number of nodes and edges, network density and average
degree are used to describe the basic integrity characteristics
of the network. The results are shown in Table 2.

The number of nodes and edges manifests the scale evolu-
tion of DVA network and FVA network. It can be seen that the
number of countries and regions participating in the network
was stable but kept rising, and the scale of the two networks
has expanded. Due to the impact of the financial crisis and the
spread of the sovereign debt crisis in the Eurozone, the num-
ber of value-added trade relations of DVA network and FVA
network declined significantly from 2008 to 2009 and after
2011, they showed a similar trend of first increasing and
then decreasing. The density and average degree of the DVA
network of producer services export were higher than that
of the FVA network. The fluctuations of the two networks
were similar, but the DVA network was denser than the FVA
network. The change range of the average degree of FVA
network over the years was greater than that of DVA network,
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FIGURE 4. Hierarchical structure of value-added trade network for producer services.

TABLE 2. Scale and closeness of the value-added trade network in producer services.

indicating that the trade connection of FVAnetworkwasmore
vulnerable to macroeconomic fluctuation.

Further, this part uses the average path length and aver-
age clustering coefficient to describe the characteristics
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FIGURE 5. Accessibility and agglomeration of value-added trade network of producer services.

of small-world network, and the results are shown
in Figure 5.

The average annual clustering coefficients of DVA net-
work and FVA network were 0.617 and 0.555, respectively,
and both of them presented an upward trend, indicating that
these two networks possessed the characteristics of trade
agglomeration. The average path length of DVA network
fluctuated around 1.6, which means that two countries in the
network can establish trade relations through at least another
intermediary, while the average path length of FVA network
changed to a large extent. Combining the average clustering
coefficient and average path length of random network with
the same scale, it can be found that the average clustering
coefficient of value-added trade network of producer services
is higher, but the average path length is larger than the value
of random network. The DVA network and FVA network of
producer services export do not demonstrate the characteris-
tics of small-world network.

C. INDIVIDUAL CHARACTERISTIC ANALYSIS
1) NODE CENTRALITY OF UNWEIGHTED NETWORK
Figure 6 shows the ranking of degree centrality of DVA
network and FVA network in 2000 and 2014.

From the perspective of the node degree centrality of DVA
network, the out-degree and in-degree of most countries have
significantly improved, indicating that the connection breadth
of value-added trade in producer services has been expanded
in the network. Among them, Germany, the United States,
the United Kingdom, the Netherlands and France were the
countries with high ranking in out-degree and in-degree cen-
trality. In the FVA network, the degree centrality ranking
of these countries was also in the top position. This is due
to the fact that developed economies are at the upstream of
the division of labor in the value chain of service industry,
and as the power center of the global value network, they
support the development of domestic value-added trade and

foreign value-added trade. Japan was the only country where
the out-degree centrality decreased in both DVA network and
FVA network, indicating that the creation and output capacity
of value-added of producer services in Japan was relatively
weakened. Combined with the rising trend of China’s out-
degree and in-degree centrality, the segmentation of global
share in the value network of producer services in East Asia
was strengthening the leadership of China.

Figure 7 demonstrates the spatial distribution characteris-
tics of betweenness centrality and closeness centrality in DVA
and FVA networks.

The betweenness centrality measures the country’s control
over the value flow of producer services, while closeness
centrality reflects the performance of not being controlled by
other countries. In the DVA network, the betweenness cen-
trality of Germany, the United States, the United Kingdom,
Russia, Italy, France and the Netherlands were in the top ten
in 2000 and 2014. Europe was the key region that grasped
the exchanges and communication of value-added in the net-
work. Disturbing the status of these countries may reshape
the global value chain pattern. High closeness centrality was
widely observed inWestern Europe countries, represented by
theUnitedKingdom, theNetherlands and France, whichwere
comparatively independent in value-added trade network and
relied less on other countries in trade intercourse process.

In FVA network, the change of network power center was
the response of the trade game of large countries, which
mainly occurred between the United States and the core
countries of Europe. The betweenness centrality of the United
States dropped from the first place in 2000 to the tenth place
in 2014, while the ranking of Luxembourg and Belgium
rose from 18th to 7th and from 17th to 3rd respectively.
Meanwhile, the United Kingdom and France consistently
ranked high in the betweenness centrality. It can be seen
that the control power of the United States over the foreign
value-added of producer services has shifted a lot to Western
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FIGURE 6. The out-degree centrality and in-degree centrality of nodes.

Europe in recent years, and their intermediary influence in
FVA network showed the characteristics of ‘‘one ebb and
flow’’. Japan’s betweenness centrality ranking fell from 9th to
20th, while China and South Korea remained stable and had
no upward trend, and East Asia’s grip on the FVA network of
producer services decreased. Germany’s closeness centrality
ranked first in 2000 and 2014, and other European countries
also maintained an upper level due to their participation in
the high-end production of GVC by mastering core tech-
nologies. The ranking of these countries coincided with the
node degree centrality to a certain extent. They not only
affected the value-added trade flow of other countries, but
also made the trade process smoother. In 2014, the overall
increase of the closeness centrality of each country shows that
the spatial accessibility of FVA network was stronger.

2) NODE CENTRALITY OF WEIGHTED NETWORK
Figure 8 shows the spatial evolution of PageRank centrality
of nodes in the weighted network, which is used to represent
the hub status of a country in the value-added trade network
of producer services.

Figure 8(a) and (b) describe the changes of PageRank
centrality of countries in the DVA network. In 2000, the
PageRank centrality indexes of the United States, Germany
and the United Kingdom were ahead of other economies, and
they were the ‘‘absolute central hub’’ in the network. In 2014,
Germany, the United States and China were the top three
countries in the PageRank centrality of DVA network, among
which China’s PageRank value increased the most. Japan,

France and other countries also had high PageRank index,
resulting in a regional trade pattern dominated by East Asia,
North America and Europe, which is related to the production
network system formed under the in-depth adjustment of
supply chain and industrial chain.

Figure 8(c) and (d) exhibit the evolution of PageRank
centrality in FVA network. The relative importance of each
country in FVA network was clearly differentiated. The
United States ranked first in 2000 and 2014, and it was the
only country with PageRank value exceeding 0.1. Germany,
the United Kingdom, Japan and Italy had PageRank values
of more than 0.05 in 2000, and the PageRank value of China,
Germany, France and the United Kingdom in 2014 exceeded
0.05, featuring prominently in the value-added trade net-
work. PageRank values of other countries were all less than
0.05, showing their weak influence in the network. China’s
PageRank centrality increased from 0.022 to 0.098, and it was
also the countrywith the largest increase in FVAnetwork. The
reason is that China’s trade structure and processing mode
require it to import high value-added intermediate goods
from abroad for re-export, which leads to a high proportion
of foreign value-added in its export trade. The scale effect
of trade may gradually increase China’s status in the FVA
network.

As shown in Figure 9, the node strength reflects the ability
of a country or region to output its own domestic added
value and absorb other countries’ domestic added value in the
value-added trade network, which is directly interpreted as
the production market capacity and consumption absorption
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FIGURE 7. Spatial distribution of betweenness centrality and closeness centrality of nodes.
(a) 2000DVA. (b) 2014DVA. (c) 2000FVA. (d) 2014FVA.

capability of the country or region. In the DVA network,
the connection strength of nodes showed the distribution

pattern of ‘‘one super and many strong’’. In terms of the
scale of domestic value-added exports, the United States was
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FIGURE 8. Spatial distribution of PageRank centrality. (a) 2000DVA. (b) 2014DVA.
(c) 2000FVA. (d) 2014FVA.

a superpower and ranked first in the world continuously.
Developed European countries such as Germany, the United

Kingdom and France andChina in East Asia were in the scope
of powerful countries, and the trade volume gap between
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FIGURE 9. Node strength distribution.

TABLE 3. The modularity of DVA network and FVA network.

other countries and them was relatively evident. The distribu-
tion of node connection strength in FVA network was more
even. Asia-pacific, North America and Europe were the three
growth poles in FVA network, which emerged active foreign
value-added trades due to monopolistic resources.

D. COMMUNITY DIVISION OF TRADE NETWORK
1) DIVISION OF COMMUNITY MEMBERS
This paper calculates the modularity of the weighted network
for community analysis, and describes the transition of com-
munity structure of the network from the meso-level. The
results are shown in Table 3 and Table 4, and the evolvement
of value-added trade within the community is shown in
Figure 10.

Table 3 describes the division quality and evolution trend
of community structure in the value-added trade network of

producer services. The community evolution of DVA net-
work and FVA network in producer services from 2000 to
2014 presented differentiated features, which were described
as follows: Firstly, in the sample years, themodularity of DVA
network was lower than that of FVA network, which shows
that the globalization trend of domestic value-added exports
was more evident than that of foreign value-added exports.
Secondly, affected by the financial crisis that emerged in
2006 and broke out in 2008, the modularity of both DVA
network and FVA network showed a slight bottoming and
rising trend, and the decline time point of the former (2006)
was earlier than that of the latter (2008). It reflects that the
value-added trade network pattern of producer services in
this period gradually evolved towards the mainstream trend
of globalization, and the domestic value-added export was
more sensitive to the response of the financial crisis. Finally,
after 2011, the modularity of DVA network and FVA network
has increased to a certain extent, which means that in the
later stage of the financial crisis, the pattern of value-added
trade in producer services changed to collectivization and
fragmentation, and trade groups formed among economies
weremore significant. However, on the whole, themodularity
of the two networks basically showed a downward trend with
fluctuations, and the degree of globalization was deepening.

Table 4 shows that the community division of DVA net-
work and FVA network was slightly discrepant in different
years. Some economies remained unchanged, and individ-
ual economies were separated between diverse communities.
From 2000 to 2014, both DVA network and FVA net-
work evolved from four communities to three communities.
On the one hand, the distribution of countries in value-added
trade network communities had geographical characteristics.
On the other hand, it provided support for breaking through
regional restrictions, shortening trade distance and accelerat-
ing the process of economic globalization. From the perspec-
tive of DVA network, D1 community in 2000 was composed
of 13 economies in Western Europe, Central Europe and
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TABLE 4. Results of community division in 2000 and 2014.

Southern Europe; D2 community was dominated by Central
and Eastern European countries, including 9 economies; D3
community had 4 countries, including Estonia and 3 Nordic
countries; D4 community was an association mainly in Asian
and American countries, including 17 economies represented
by China and the United States. In 2014, the members of
D1 community altered tremendously, and became a club
dominated by core European economies such as the United
Kingdom, Germany and France; D2 community was still
dominated by Nordic countries; D3 community was an
Asia-Pacific club mainly composed of American and Asian
countries.

According to the FVA network, the F1 community in 2000
included six economies dominated by Southern European
countries. F2 community was composed of Lithuania and
Russia in Eastern Europe and other major countries in
Central, Southern and Western Europe, and there were
29 economies in total. These countries had adjacent geo-
graphical locations and cultural characteristics, which facil-
itated value-added trade. The members of F3 community
included Denmark, Estonia, Finland, Norway and Sweden,
which were in the typical Nordic society. F4 community
was composed of three countries in North America (the
United States, Canada, Mexico), Japan, China, South Korea
and other Asian countries, including 13 economies. In 2014,
the F1 community included 15 economies represented by
Southern European countries. F2 community was mainly
from Western and Central European countries. Apart from
countries in Asia and North America, F3 community also
included major countries in Northern Europe, which were far
away from each other but broke through regional restrictions
by virtue of their own comparative advantages to realize

value-added trade exchanges and resource complementarity
of producer services.

2) INTERNAL EVOLUTION OF COMMUNITY MEMBERS
Furthermore, according to the flow direction and trade rela-
tionship between nodes, the chord diagram between node
pairs of DVA network and FVA network is acquired to
study the characteristics of value-added trade in different
communities.

Figure 10(a) shows that in the DVA network in 2000, D1,
D2 and D4 were single core communities. The D1 commu-
nity was centered in Germany, with France, Italy and the
Netherlands as the secondary centers. As the core node of
this community, Germany has established a large amount of
domestic value-added export trade with the members of the
sub center. In the D2 community, Russia occupied the core
dominant position, followed by Poland, and other trading
objects had relatively equal status. D4 was the community
with the largest trade scale and the most trade members, the
United States had the largest trade volume in this associa-
tion, and the United Kingdom and Japan were the second
important nodes. Compared with other communities, D3
community did not have a prominent trade focus, and the
development gap between countries was small. The degree
of regional economic integration was higher, and the com-
munity development was mainly polycentric. In the 2014
DVA network, D1 community evolved into the association
with the closest two-way interaction between countries and
the largest trade scale among members, and formed a net-
work structure with Germany as the core and France, the
United Kingdom, Italy and the Netherlands as the secondary
core. D2 community was an association with Sweden and
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FIGURE 10. Evolution of network structure within the community.
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FIGURE 10. (Continued.) Evolution of network structure within the community.

Denmark as the dual cores. Due to its adjacent geographical
location, the exports from Sweden to Denmark, Finland and
Norway contained a large amount of domestic value-added.

D3 community became a dual core club with the United
States and China as its cores. Over time, China’s producer
services industry has deepened its trade gains in the global
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value chain, and its position in the Asia-pacific community
of DVA network has also improved significantly.

Figure 10(c) shows that in the FVA network in 2000,
the core nodes of the F1 community were Luxembourg and
Switzerland, followed by Italy. The largest trade flow came
from the foreign value-added contained in Luxembourg’s
exports to Switzerland, accounting for 51.55% of the total
trade volume within the community. The value-added trade
links between Luxembourg and Italy, Switzerland and Italy
were also relatively tight, indicating the interdependence
of the export markets of the European economies within
the community. Germany in the F2 community still occu-
pied an remarkably dominant position. Most of the foreign
value-added contained in its producer services exports came
from secondary important nodes such as the Netherlands and
France. There were clear divergences in the trade status of
other countries in the community, indicating that there was
asymmetric dependence on producer services among them.
F3 community shows that Sweden and Denmark were at the
core of the Nordic trading area. The foreign-value added con-
tained in Sweden’s producer services exports mainly came
fromDenmark, Finland and Norway, while the foreign value-
added in Denmark’s exports came from Sweden, Finland
and Norway. In other words, the Nordic region formed a
separate and compact entity. F4 community did not have
the most trade members, but it had the largest trade scale.
Most of the foreign value-added contained in the exports of
producer services of major countries such as South Korea
and Mexico in the community came from the United States,
Japan, the United Kingdom and Canada, indicating that they
were the main export markets of producer services in the
community and held a relatively high share of value-added
due to the remarkable value-added capacity of products.
In the FVA network in 2014, the F1 community developed
into a multi-center network structure, and the national groups
with Luxembourg, Italy, Switzerland and Belgium as the
core nodes dominated the community. Due to the factors of
economic size, the proportion of foreign value-added flows
in producer services exports of Latvia, Croatia and other
countries in the community was not high. The leading nodes
of F2 community were the Netherlands, Germany, France,
Britain and Ireland, and the trade flow within the community
wasmore balanced. Among F3 community, the United States,
Canada and China were all trade centers. China’s position in
the community has improved, and a large proportion of the
value-added contained in the exports of producer services in
core countries comes fromChina, which reveals that as a large
developing country, the added value and value-added capacity
of Chinese products are increasing, and China’s status in the
global value chain is also climbing.

E. ANALYSIS ON THE INFLUENCING FACTORS OF TRADE
NETWORK STATUS
1) INDEX SELECTION AND VARIABLE DESCRIPTION
In the trade network, the centrality can reflect the impor-
tance and pivotal position of a country. Countries with

higher centrality have stronger ability to obtain and con-
trol value-added trade resources [38]. Therefore, this paper
selects node strength and PageRank centrality as the
explained variables for empirical analysis. Since there are
many variables missing in Taiwan, this part uses the data
of 42 countries and regions other than Taiwan from 2000 to
2014 to explore influencing factors of trade network status.

If the formation of trade network hub is explained from
the perspective of national characteristics, it can be consid-
ered that the influencing factors include market advantage,
economic scale, technological innovation level, institutional
environment, factor endowment, infrastructure guarantee and
openness, which constitute the favorable advantages of a
country in participating in the international division of labor
[39], [40], [41]. At the same time, considering that the rise
of free trade agreements (FTA) is related to the development
of global value chain, concluding regional trade agreements
(RTA) may have an impact on a country’s embeddedness in
GVC [42], [43]. Based on the above analysis, the following
econometric model is established:

centralityit = α + β1urbanit + β2pgdpit + β3rdit
+β4rtait + β5insit + β6fcrit + β7 infit
+β8openit + λt + γi + εit (16)

where i represents the country (region), t represents year, the
dependent variable centrailtyit refers to the position in the
value-added trade network of producer services of country
i in year t . urbanit refers to market advantage, which is
represented by the proportion of urban population in the total
population. pgdpit is the economic scale, measured by the per
capita GDP of each country (constant price US dollars). rdit
refers to technological innovation support, expressed as the
proportion of R&D expenditure in GDP. rtait refers to the
number of regional trade agreements signed by a country.
insit is the institutional environment, which is expressed by
the means of the voice and accountability, political stability,
government effectiveness, regulatory quality, rule of law and
control of corruption in WGI database. fcrit is the endow-
ment of production factors, expressed as the proportion of
gross fixed capital formation in GDP. infit is an infrastructure
condition, represented by the percentage of Internet usage.
openit refers to the degree of openness, expressed as the
share of total imports and exports of goods and services in
GDP. In order to eliminate the influence of heteroscedasticity
and dimensional difference of data, the node strength and
per capita GDP are processed logarithmically. Among them,
the data sources of urbanization level, per capita GDP, R&D
expenditure, fixed capital, Internet use, import and export of
goods and services are WDI database of the World Bank.
The institutional quality data are fromWGI database, and the
number of RTA is from CEPII database.

2) EMPIRICAL RESULTS AND ANALYSIS
The econometric analysis aims to explore the influencemech-
anism of the network status of producer services trade in
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TABLE 5. Baseline regression results.

various countries. This paper uses two-way fixed effects
model for baseline regression and quantile regression for
heterogeneity analysis. In addition, we utilize the variance
inflation factor (VIF) method to test the multi-collinearity,
and find that the VIF values of all variables are less than 10,
indicating that the model do not have multi-collinearity.

Table 5 summarizes the results of baseline regression.
Columns (1) - (4) refer to strength and PageRank centrality
of the nodes as explained variables.

As can be seen from the regression results, urbanization
level has similar influence on DVA network and FVA net-
work. Its regression coefficient is significantly negative in
model (1) and model (2), which means that it has no positive
effect on the node strength of a country. In addition, its
constructive influence on PageRank centrality in models (3)
and (4) is also small. The main reason may be that most of the
sample countries are developed countries, and the urbaniza-
tion process is basically completed. In this case, the popula-
tion flow and factor concentration caused by urbanization do
not effectively promote the upgrading of consumption struc-
ture, nor do they bring more demand for producer services,
which is not conducive to the establishment of value-added
trade links. The regression coefficient of per capita GDP is
significantly positive in all the four models, and the value of
this coefficient is the largest among all variables, indicating
that the enhancement of economic strength can significantly
improve the status of a country in the value-added trade

network of producer services. Technological innovation has
no evident effect on the node strength of a country, but can
improve the PageRank centrality. This shows that although
increasing technical support does not directly affect the depth
of individual trade links, it can promote a country’s hub status
in the network by raising the importance of adjacent nodes.
The conclusion of regional trade agreements can enable coun-
tries to improve the node strength, but it has no significant
effect on the promotion of PageRank centrality. The possible
reason is that PageRank index reflects the feature of ‘‘keeping
close to others’’, that is, if an economy has closer ties with
the ‘‘central economy’’ with a higher centrality value, the
node centrality of the economy will increase more easily.
But the countries signing regional trade agreements do not
necessarily have high centrality value themselves, so they
cannot enhance their network status in this way. Institutional
quality only plays a positive role in enhancing the nodes
strength in the DVA network, but has no beneficial effect
on the foreign value-added contained in producer services
exports of each country. The regression coefficients of fixed
capital and Internet use are significantly positive in the four
models, indicating that relying on resource endowment and
infrastructure construction, a country can complete the export
expansion of producer services, participate in value-added
trade and enhance its network position. The degree of open-
ness can directly improve a country’s node strength in the
network by expanding the trade scale. However, with the
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TABLE 6. Quantile regression results.

increase of intermediate goods’ round-trip between countries
participating in the international division of labor, the neg-
ative effect of the increase in the proportion of processing
trade and the reduction of technology spillovers may also
be amplified, thus inhibiting the rise of a country’s producer
services value chain and the advancement of its position in
the network.

The above traditional regression method can clarify the
average effect of explanatory variables, but it cannot reveal
the influence difference of explanatory variables on the
explained variables under different quantiles. Considering the
two-way fixed effect, the results imply that the regression
model with the explanatory variable of node strength has a
higher goodness of fit. In the heterogeneity analysis, node
strength is used as the dependent variable for quantile regres-
sion, and three representative quantiles of 25%, 50% and 75%
are selected to investigate the impact of various factors on
different parts of the status of producer services value-added
trade network.

The results of Table 6 demonstrate that the regression coef-
ficient of urbanization level presents a homologous change
trend in DVA network and FVA network, indicating that
market advantage has a more positive impact on countries
located in the low quantile of producer services value-added
trade network. Per capita GDP has a profitable impact on
the value-added trade network status of different quantiles,
but the impact shows a downward trend. When the posi-
tion of a country’s producer services industry in the global
value-added network evolves from the low end of conditional
distribution to the high end, the promotion effect of economic
scale decreases. The influence trend of R&D investment on

the position of value-added trade network is opposite to per
capita GDP, which may depend on the industrial charac-
teristics of producer services with a large amount of intel-
lectual capital. Therefore, countries with high quantiles in
the position of trade network can better transform the input
technical support into high value-added products, so as to
enhance their participation in the global value chain network.
The coefficient of RTA number is positive at each quantile
of DVA network and FVA network, and the value at the
low quantile is higher in both networks. Especially in the
FVA network, countries located at the low quantile of value-
added trade network status can benefit more from the trade
creation effect generated by the conclusion of agreements
with a higher degree of integration, consequently improve the
control ability of foreign value-added and the pivotal position
of the country. In the case of conditional distribution, the
improvement of institutional quality may lead to the rise of
domestic trade protectionism and restrict the global division
of production of domestic products, which is not conducive
to enhancing the hub status of value-added trade network.
In the low quantile of dependent variable, the coefficient of
total fixed capital formation does not pass the significance
test. The possible reason is that the accumulation of factor
endowments of countries with the status of value-added trade
network at the low quantile is not enough to advocate their
involving with high-end links such as R&D and after-sales
of producer services. The coefficient of Internet use pro-
portion is not significant only at the 0.25 quantile of DVA
network, and the promoting effect of this variable is evidently
enhanced as the position of value-added trade network moves
from low quantile to high quantile. This is due to the fact
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TABLE 7. The 43 economies in this paper and their abbreviations.

that high-quantile countries with superior infrastructure can
reduce transaction costs, which indirectly affect the trade of
capital intensive producer services and assist the expansion
of a country in the GVC network. The degree of openness is
significantly positive at the 0.5 and 0.75 quantiles of the FVA
network, which illustrates that only when a country reaches
the high-order quantile in the FVA network can it gain more
extensive and advantageous foreign value-added trade links
through opening to the outside world.

IV. CONCLUSION AND POLICY RECOMMENDATIONS
A. CONCLUSION
Based on the framework of WWZ bilateral value-added
decomposition, this paper constructs the DVA network and
FVA network of producer services trade export. The com-
plex network method is employed to analyze the structural
characteristics of the two networks. Besides, the influencing
factors of countries’ position in the value-added trade net-
work are empirically investigated. The main conclusions are
as follows:

Firstly, both the DVA network and FVA network have core-
edge hierarchical structure, and present the trend of evolution
from single-core circle to multi-core circle. Excluding the
impact of financial crisis, the two basically show a trend of
denseness from 2000 to 2014.

Secondly, the global value network of producer services
has a trade status pattern of ‘‘big countries competing for
supremacy while small countries are subordinate’’. The
developed economies of Western Europe are at the core of
the DVA network, and East Asia, North America and Europe
are the three growth poles of the global value chain for
producer services. The control force in the FVA network has
changed from the pattern dominated by the United States to
the world image dominated by Germany and Italy, and the
developing economies in the division of value chain have
begun to emerge, exerting an increasingly profound influence
on the FVA network.

Thirdly, in the process of community evolution, the
members of the community change over time. The DVA
network eventually formed two European communities and
Asia-pacific community dominated byGermany, Sweden and
the United States, among which the Northern European com-
munity had typical geographical characteristics. The integra-
tion and division of FVA network communities reflect the
phenomenon of interweaving and overlapping among trade
groups, and the trade boundary is gradually blurred.

Finally, in the international division of labor, the improve-
ment of comparative advantage brought by economic
development, infrastructure and physical capital can enhance
the hub status of a country, and they have discrepant impacts
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on DVA network and FVA network of value-added trade
of producer services. Considering the conditional distribu-
tion, technological innovation and regional trade agreements
are the key factors that could enhance the status of the
network. The impacts of other indicators such as market
advantage on GVC network have heterogeneity and trend for
countries located in different quantiles of value-added trade
network.

B. POLICY RECOMMENDATIONS
According to the above conclusions, it can be found that a
country’s participation in the division of labor in the global
value chain not only relies on the ‘‘export income’’, but is
also related to its relative position in the global value network
and the factors affecting the change of its network status.
In order to improve the profitability of producer services
in the global value chain and for countries to accumulate
more value creation in this field, the following suggestions
are put forward. First of all, developing economies need
to strengthen digital infrastructure construction and realize
industrial upgrading and value network climbing through
high-quality development, so as to improve the situation
that the global value chain of producer services extends to
developing countries but is still dominated by developed
countries. In particular, countries can actively take advantage
of the good opportunities of the ‘‘the Belt and Road’’ strategy
to promote a new situation of mutual benefit and win-win
results. Afterwards, the formation of the community structure
is partly due to the influence of geographical and political
factors. Therefore, whilemaintaining a good and stable value-
added trade relationship, members of the community should
rationally judge the trade status and product structure of their
own producer services, reasonably select trading partners
outside the community, expand opening-up and pay atten-
tion to effective protection. On the basis of the first global
value chain programmatic policy document formulated by
Asia Pacific Economic Cooperation (APEC), countries have
gradually adapted to the trade rules guided by the global value
chain. In the end, countries should actively build comprehen-
sive strengths consisting of economic scale, material capital
and other factors, differentiated policies should be employed
for countries with different network status to consolidate their
pivotal role in the international division of labor network.

APPENDIX
See Table 7.
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