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Abstract: The inter-country input–output table is appropriate for presenting sophisticated inter-
industry dependencies from a global perspective. Using the above table one can perceive the amount
of production resources that sectors obtain from their upstream ones, as well as the number of
productive capacities that sectors provide for their downstream ones. In other words, competi-
tion/collaboration occurs when sectors share the same providers/consumers because all sectors’
products and services outputted to downstream ones are limited. Thus, inter-industry competi-
tion for inputs from upstream sectors, or collaboration on outputs to downstream sectors, may be
quantified with input–output matrix transformation. In this paper, a novel analytical framework
of inter-industry collaborative relations is established based on the bipartite graph theory and the
resource allocation process. The Collaborative Opportunity Index and Collaborative Threat index are
designed to quantitatively measure the industrial influence hidden in the topological structure of the
global value chain (GVC) network. Scenario simulations are carried out to forecast the potential and
trends of international capacity cooperation within Asian, European, and African nations related to
the Belt and Road Initiative, respectively.

Keywords: global value chain; inter-country input-output table; the Belt and Road Initiative;
Collaborative Opportunity Index; Collaborative Threat Index

1. Introduction

Belt and Road Initiative (BRI) is a transcontinental long-term policy and investment
program which aims at infrastructure development and acceleration of the economic
integration of countries along the route of the historic Silk Road. The initiative was unveiled
in 2013 by China‘s President Xi Jinping.

At present, China has entered the “New Normal” development stage of the economy,
and the BRI is being implemented in depth. In March 2015, China issued an action plan
which described the main objectives of the BRI. The BRI-participating economies represent
more than one-third of global GDP and over half of the world’s population. In September
2016, General Secretary Jinping Xi pointed out in the keynote speech at the opening
ceremony of the B20 Summit (a major support group for the G20 from industrial and
commercial circles): “China’s development benefits from the international community
and is willing to provide more public goods to the international community. China has
proposed the ‘One Belt and One Road Initiative’, which aims to share China’s development
opportunities and achieve common prosperity with countries along the routes.” China
is actively promoting the economic development of BRI-related nations, supporting and
driving domestic superior and surplus production capacity to countries/regions that have
fewer comparative advantages. Finally, to construct a fair and reasonable international
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order, China will offer both value ideas and institutional design ideas that reflect Chinese
wisdom and China’s plans.

BRI is based on the concept of mutually beneficial cooperation [1]. It plays an im-
portant role in foreign direct investment, infrastructure, international cooperation, and
economic growth in countries along the route [2–6]. According to the report “Building
the Belt and Road Initiative: Progress, Contribution and Prospects” released by the Min-
istry of Commerce in April 2019, the BRI has gained the support of 125 countries and
29 international organizations for its construction. According to the data published by
the World Bank, the combined GDP of the countries along the BRI in the five years after
its introduction (2013–2017) was 141 trillion dollars, which is 39.6% higher than that in
the five years before the initiative (2008–2012). In addition, the World Bank Group’s 2019
release “The Belt and Road Economy: Opportunities and Risks of Transport Corridors”
quantifies the impact of the Belt and Road. According to the article, the Belt and Road can
expand trade, increase foreign investment, and reduce poverty by reducing trade costs.
Full implementation of the Belt and Road Initiative could increase world trade by 1.7% to
6.2% and global real income by 0.7% to 2.9%.

Rapidly promoting China’s position and competitiveness on the Global Value Chain
(GVC) and shaping new comparative advantages in the context of BRI is either the impor-
tant guarantee for the continuous and in-depth development of Global Cooperation on
Production Capacity strategy or the realistic requirement for China’s industrial restructur-
ing and factor allocation optimization at this stage. BRI aims to build an open, inclusive,
and balanced regional economic cooperation architecture for the 21st century, strengthen
the weak points of globalization, and transform partial globalization into an inclusive
one. Under this context, there is an urgent need to rationally distribute international pro-
ductivities to enhance the competitive advantages of both China and BRI-related nations.
Therefore, how to realize the positive interaction between China’s industrial structure
and foreign trade upgrade in the process of international economic integration and BRI,
and how to fully utilize the institutional dividend brought by such a cooperative strategy
to build a new regional trade system, will definitely be the key research direction at the
national strategic level for a long period in the future.

Based on a mature industrial system, the high-cost performance of equipment capacity,
mighty construction abilities, enhancement on the international capacity cooperation with
nations along the route, are feasible ways for China to achieve mutual benefits and the win-
win goal. Nevertheless, the paradox is that international public opinion has many doubts
and even dissatisfaction with China’s BRI. Some countries believe that the BRI is China’s
economic plunder of countries along the route, and it is a Chinese version of the Marshall
Plan. It has become an important driving factor for the threat inflation phenomenon
of some Western countries’ perception of China. In recent years, some countries have
implemented a series of measures to weaken China’s role and status on the GVC. The U.S.
plans to start investing in 5 to 10 major infrastructure projects around the world in 2022
as part of the Group of Seven (G7) Build Back Better World (B3W) program to counter
China’s BRI. The EU and the UK have launched similar programs to invest in global
infrastructure. The Global Gateway Initiative and the Clean Green Initiative have been
proposed so that less developed countries will opt out of the streamlined and unconditional
BRI. These approaches are equivalent to treating international trade as a zero-sum game,
thus failing to achieve a win-win goal. Of course, under the perspective of systems science,
it is impractical and will inevitably lead to negative impacts flowing along the GVC and
ultimately leading to a decline in the global competitiveness of the industrial sectors within
many countries. Accordingly, our econophysics framework will be adopted to simulate the
international trade process under different policy backgrounds and development scenarios.
We hope the network-based measurements proposed in this paper can be used as the
evaluation criteria to deeply understand the policymaking of international trade and its
long-term consequences.
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As the result of globally economic integration, various countries and regions in the
world have gradually formed a global economic system through increasingly deepened
trade exchanges with each other. As the subsystems of this system, countries in the world
have also evolved their internal Industrial Value Chains (IVCs) as an organic whole, and
they play a specific role on a global scale. Therefore, economists began to systematically and
comprehensively study global macroeconomic issues from the perspective of system theory.
The GVC network reflects the topological structure of the global economic system, depicts
the vertical division of labor and complex input–output relationships in global industrial
sectors, and provides a theoretical framework and application basis for analyzing global
economic issues. The popularization and promotion of the Inter–Country Input–Output
(ICIO) database provides scientific and accurate data for studying the important role of
various industries and economies on the GVC network. The IO table can be directly or
slightly modified as an adjacency matrix to establish a network model [7], and measure
the importance of industrial sectors through network characteristic indicators. Input–
Output Analysis (IOA) can be performed on issues such as the impact of consumption
shocks [8] on the economic system and the balance of supply and demand [9] in a free
market economy. Sectoral production characteristics, such as the degree of industrial
sector participation in vertical specialization trade [10], the number of stages required for
production on the GVC and the stage between production and final consumption [11], are
measured. In recent years, Wang, et al. proposed a series of indicators such as average
production length and relative upstream degree [12] to measure the production structure of
each economy. Xu et al. combined the input–output model with the social network analysis
method to measure the economic structure in the global economic system [13]. Yang et al.
established a community detection optimization algorithm based on biogeography to find
the community structure in the network [14]. Piccardi et al. evaluated the importance of
communities in the world input–output network based on the random walk Markov chain
method [15]. Guan et al. established a global industrial resource competition network
model based on the bibliographic coupling method to analyze the competitive relationship
between industrial sectors [16]. Xing et al. used the Markov process to measure the degree
of globalization [17] and industrial influence [18] of the industrial sectors and based on the
Revised Floyd–Warshall Algorithm (RFWA), proposed the Strongest Relevance Path Length
(SRPL) algorithm to measure the pivotability degree [19] of the input–output relationship
between sectors and connectivity and tightness [20] of the value chain network. At the
same time, the competition and cooperation relations [21] between industrial sectors are
also described through the citation network, but the relationship generated in the citation
network lacks precise similarity.

In the first section of the paper, the development status of the BRI and the research on
the input–output relationship between various industrial sectors on the GVC are presented.
In the second section, the Global Production Capacity Collaboration Network (GPCCN)
model is formulated. The model is based on the bipartite graph theory, on the resource
allocation process and on the selection of research data. In the third section are introduced
two indicators: the Collaborative Opportunity Index (COI) and the Collaborative Threat
Index (CTI) from the national and sectoral levels based on the GPCCN model. The indi-
cators measure the state of cooperation between countries and sectors, and at the same
time, measure the correlation between COI and Competitive Strength Index (CSI) at the
national level. In the fourth section, scenario simulations are carried out in order to forecast
the potential and trends of international capacity cooperation within Asian, European, and
African nations related to the Belt and Road Initiative. In the fifth section, the laws and
reasons for the differences in cooperation among BRI-related nations are explained. In the
last section, the main contributions of the paper are summarized and some new directions
for the research are indicated.
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2. Methodology
2.1. Resource Allocation Process

In a bipartite graph G the node set V is divided in two nonempty sets P and O with no
intersection in between. Let G = (P, O, E) be a bipartite graph where E is the set of edges,
P = {P1, P2, · · · , Pn} and O = {O1, O2, · · · , Om} are the two sets of nodes. Of course, the
intersection of P and O is empty. The nodes from the set P will be called participants
and the nodes from the set O will be called objects. We take an example to describe its
topological structure, where n = 9 and m = 3, as shown in Figure 1.

Figure 1. A two-mode network and its projection onto objects and participants.

In Figure 1, the squares in the upper part are the objects (denoted by O1, O2, . . . , O3),
while the circles below are the participants (denoted by P1, P2, . . . , P9), and the edges in
black belong to the two-mode network. It is more than common to project a two-mode
network onto one kind of node, and the resulting edges have been granted the property
to reflect a certain relationship. As we can see, the edges in red or green coming from the
projection of two black edges constitute two one-mode networks, namely Complete Object
Subgraph and Complete Participant Subgraph. Sometimes, there should be weights on
the edges, which are gained through the definition of co-occurrences and used to measure
the potential relationship of two participants in the same object, or that of two objects in
the same participant. For instance, we can quantify the relationship between two scientists
(participants) by the number of papers (objects) they wrote together; similarly, we can also
quantify that of two papers (objects) by the number of the same scientists (participants)
they have [22]. However, refined calculation on the weight of a projected edge is very
difficult, and we must use a specific method to solve a specific problem.

The bipartite graph has a wide application in complex network analysis, including
cooperation and competition networks (mainly dealt with through affiliation networks),
for either cooperation or competition is the common existence in social networks consisting
of units of people. Padrón believed that this modeling process could bring distinctive simu-
lation on the potential cooperation or competition relation [23]. In the field of GVC-related
studies, scholars and politicians all want to figure out the inter-country and inter-industry
competition and collaboration for the purposes of academic research and policymaking.
We have done a lot of work in the research of industrial competition [24–26], so we want
to focus on the other side of it. If limited industrial resources lead to competition among
downstream sectors, then limited market demand leads to cooperation among upstream
sectors. Therefore, with the purpose of extracting the inter-industry collaborative relations,
the Resource Allocation Process (RAP) is also adopted in this paper as the algorithm of
projection [27]. The following is the specific derivation process.
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Let f : O
⋃

P→ R+ be a function such that f (Oh) = 1 for all h in {1, 2, . . . , m}. Firstly,
the initial resources needed by the h-th object is f (Oh) ≥ 0. We assume that the O→ P
primary distribution of initial demands is equal, as shown in Figure 2.

Figure 2. Primary distribution: initial demands from objects are equally sent to participants. Notes:
For simplicity, we assume all objects here own an equal size of initial demands, i.e., f (Oh) = 1. As
we can see, O1 connects to P1, P2, P3, and P4, so K(O1) = 4, a11 = 1, a21 = 1, a31 = 1, and a41 = 1.
Within them, only P4 is additionally connected to O2, so a42 = 1 while K(O2) = 5. Thus, f (P1) =

1
4 ,

f (P2) =
1
4 , f (P3) =

1
4 , and f (P4) =

1
4 + 1

5 = 9
20 .

The resources demand on the j-th node in P is:

f
(

Pj
)
= ∑m

h=1

ajh f (Oh)

K(Oh)
(1)

where, K(Oh) is the degree of Oh,
(

ajh

)
is a n×m matrix:

ajh =

{
1 PjOh ∈ E
0 otherwise

(2)

With all the demand signals converging to set O, the required resources of objects
are shown in Figure 3. Note that, the assumption of equal distribution still holds for the
secondary distribution.

Figure 3. Secondary distribution: required resources from participants are equally allocated to objects.
Notes: When a participant equally allocates its required resource to relevant objects, the secondary
distribution depends on the number of relevant objects. Thus, the new amount of object’s satisfied
demand is equal to the sum of required resources back from all its participants, e.g., f ′(O1) =
f (P1)
K(P1)

+
f (P2)
K(P2)

+
f (P3)
K(P3)

+
f (P4)
K(P4)

= 1
4 + 1

4 + 1
4 + 9

20 ×
1
2 = 39

40 .
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The satisfied demand on the resources of node Oh is:

f ′(Oh) = ∑n
j=1

ajh f
(

Pj
)

K
(

Pj
) = ∑n

j=1

ajh

K
(

Pj
) ∑m

k=1

ajk f (Ok)

K(Ok)
(3)

Obviously, the satisfied demand for objects is not consistent with their initial one, i.e.,
f ′(Oh) 6= f (Ok), which means their status is different in the complete participant subgraph.
This difference cannot be reflected just via the co-occurrence projection. Thus, the hidden
collaborative relations among them can be expressed by:

f ′(Oh) = ∑m
k=1 wO

hk f (Ok) (4)

where, wO
hk is the measurement of difference produced in the process of two-times resources

allocations, and describes the advantage of Oh in cooperating with Ok to allocate resources
of their common participants.

The wO
hk in Equation (4) could be written as:

wO
hk =

1
K(Ok)

∑n
j=1

ajhajk

K
(

Pj
) (5)

Finally, we get the matrix WO = (wO
hk)m×m as the weight set of complete participant

subgraph through RAP approach, as shown in Figure 4.

Figure 4. Collaborative relations reflected by complete participant subgraph. Notes: In (a), the
matrix WO represents the linear relation between each object’s satisfied demand and initial demand,
whose different values reflect their different status in the resource allocation process. Therefore,
the weighted and directed graph in (b) embodies the unsymmetrically and unequally collaborative
relations among three objects, while the values on the diagonal of matrix WO are useless. For
example, according to Equation (5), the strength of cooperative relation from node O2 to node O3 is

wO
23 = 1

k(O3)
×
(

a62a63
k(P6)

+ a72a73
k(P7)

+ a82a83
k(P8)

)
= 1

4 ×
(

1
2 + 1

2 + 1
2

)
= 3

8 .

Furthermore, in the weighted two-mode network, Equation (5) is expanded to another
form by replacing the adjacency matrix A =

(
ajh

)
with weight set W =

(
wjh

)
:

wO
hk =

1
S(Ok)

∑n
k=1

wjhwjk

S
(

Pj
) (6)

where S(Ok) is the strength of Ok, i.e., S(Ok) = ∑n
j=1 wjk; S

(
Pj
)

is the strength of Pj,
S
(

Pj
)
= ∑m

h=1 wjh; wjh and wjk are the weights on edges connecting Oh and Ok with
Pj, respectively.

Therefore, the RAP approach reflects the scarcity of participant nodes resources and
limits the resource allocation from participant nodes to object nodes. At the same time, the
formation of a complete object subgraph through participant nodes mapping can clearly
reflect cooperation relation between various industrial sectors on the GVC, thus providing a
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method for measuring the potential and trends of international capacity cooperation within
Asian, European, and African nations related to the Belt and Road Initiative, respectively.

2.2. Database Selection

As we all know, BRI is a hotly debated topic in the field of the global economy, as
well as GVC, which is a global development strategy proposed by the Chinese government
involving infrastructure construction and investments in 152 countries and international
organizations in Asia, Europe, Africa, the Middle East, and the Americas. “Belt” refers
to the overland routes for road and rail transportation, called “the Silk Road Economic
Belt”; “Road” refers to the sea routes or the 21st Century Maritime Silk Road. From the
Chinese government’s international viewpoints on politics and economy, BRI is supposed
to be the developing blueprint that meets the demands of relevant countries and delivers
mutual benefits. However, some observers see it as a push for Chinese dominance in global
affairs with a China-centered trading network, and even consider BRI as a potential threat
to countries involved [28].

For now (2021), there are 66 countries (including China) along the Road and Belt. In
ICIO databases, Eora26 has the widest coverage of countries, including all the countries
except Palestine, and that is why we use it to build Eora 26-Based Global Industrial
Value Chain Network (GIVCN–Eora26) models and conduct an empirical analysis of
capacity cooperation between BRI countries. In the analysis process, we further divide
these countries into three categories according to their continents, namely Asian nations,
European nations, and African nations, as shown in Tables 1–3.

Table 1. Thirty-six BRI-related Asian nations in Eora26.

Abbr. Country Abbr. Country

AFG Afghanistan MNG Mongolia
ARM Armenia MMR Myanmar
AZE Azerbaijan NPL Nepal
BHR Bahrain OMN Oman
BGD Bangladesh PAK Pakistan
BRN Brunei PHL Philippines
KHM Cambodia QAT Qatar
GEO Georgia KOR Korea
IDN Indonesia SAU Saudi Arabia
IRN Iran SGP Singapore
IRQ Iraq LKA Sri Lanka
KAZ Kazakhstan TJK Tajikistan
KWT Kuwait THA Thailand
KGZ Kyrgyzstan TUR Turkey
LAO Laos ARE UAE
LBN Lebanon UZB Uzbekistan
MYS Malaysia VNM Viet Nam
MDV Maldives YEM Yemen

With the proposal and promotion of BRI, China is playing a leading role in the Re-
gional Value Chain (RVC) networks constituted of Asian, European, and African nations.
Accordingly, the global cooperation with China on production capacity will impact the eco-
nomic development of BRI-related nations. Therefore, it is necessary to comparatively and
empirically analyze how their status will change on the GVC and what kinds of influence
the BRI will bring to them.

Before doing this, we need to extract three sub-networks out of the GVICN–Eora26
model, i.e., GIVCN–Eora26–AS, GIVCN–Eora26–EU, and GIVCN–Eora26–AF, reflecting
the ICIO relations between China and other economies, respectively. Their brief topological
structures in six different periods are as shown in Figures 5–7.
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Table 2. Twenty-seven BRI-related European nations in Eora26.

Abbr. Country Abbr. Country

ALB Albania LUX Luxembourg
AUT Austria MLT Malta
BLR Belarus MNE Montenegro

BIH Bosnia and
Herzegovina POL Poland

BGR Bulgaria PRT Portugal
HRV Croatia MDA Moldova
CYP Cyprus ROU Romania
CZE Czech Republic RUS Russia
EST Estonia SRB Serbia
GRC Greece SVK Slovakia
HUN Hungary SVN Slovenia
ITA Italy MKD TFYR Macedonia
LVA Latvia UKR Ukraine
LTU Lithuania

Table 3. Forty-four BRI-related African nations in Eora26.

Abbr. Country Abbr. Country

DZA Algeria MDG Madagascar
AGO Angola MLI Mali
BEN Benin MRT Mauritania
BWA Botswana MAR Morocco
BDI Burundi MOZ Mozambique

CMR Cameroon NAM Namibia
CPV Cape Verde NER Niger
TCD Chad NGA Nigeria
COG Congo RWA Rwanda
CIV Cote d’Ivoire SEN Senegal

COD DR Congo SYC Seychelles
DJI Djibouti SLE Sierra Leone

EGY Egypt SOM Somalia
ETH Ethiopia ZAF South Africa
GAB Gabon SDS South Sudan
GMB Gambia SUD Sudan
GHA Ghana TGO Togo
GIN Guinea TUN Tunisia
KEN Kenya UGA Uganda
LSO Lesotho TZA Tanzania
LBR Liberia ZMB Zambia
LBY Libya ZWE Zimbabwe

To explore the core structure of the original network, this paper takes three sorts of
GVICN–Eora26 models based on the ICIO databases of the latest version for example, which
are GIVCN–Eora26–AS, GIVCN–Eora26–EU, and GIVCN–Eora26–AF, and statistics for the
structural properties of three sub-networks after pruning [29] include number of edges |E|,
average distance 〈d〉, mean node degree 〈k〉, clustering coefficient 〈C〉 and the degree–
degree correlation from out-degree source nodes to in-degree sink ones r(out, in) are
shown in Tables 4–6.

We observe the changing trends of the network backbone over a 25-year period and
find that: if the information of edge weight is not considered, all three sub-networks of
GIVCN–Eora26 models own a high density of connections, which may give them access to
the shorter average path and the greater clustering coefficient (see Tables 4–6). Therefore,
both are strong evidence that these models belong to the small-world network, i.e., China
has a great foundation to carry out BRI–related trade with these regions.
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Figure 5. Topological structure of GIVCN–Eora26–AS models.

Figure 6. Topological structure GIVCN–Eora26–EU models.

Figure 7. Topological structure GIVCN–Eora26–AF models.



Systems 2022, 10, 12 10 of 27

Table 4. Illustration of properties of the GIVCN–Eora26–AS models.

GIVCN–Eora26–AS 1990 1995 2000 2005 2010 2015

|E| 367 366 373 363 362 362
〈d〉 4.752 4.760 4.563 4.546 4.305 4.261
〈k〉 2.480 2.473 2.520 2.453 2.446 2.446
〈C〉 0.562 0.573 0.559 0.564 0.538 0.531

r(out, in) 0.517 0.536 0.542 0.546 0.502 0.489

Table 5. Illustration of properties of the GIVCN–Eora26–EU models.

GIVCN–Eora26–EU 1990 1995 2000 2005 2010 2015

|E| 272 270 273 270 277 276
〈d〉 3.897 3.916 4.057 4.109 4.039 4.021
〈k〉 2.429 2.411 2.438 2.411 2.473 2.464
〈C〉 0.493 0.502 0.474 0.491 0.524 0.517

r(out, in) 0.463 0.453 0.464 0.466 0.452 0.450

Table 6. Illustration of properties of the GIVCN–Eora26–AF models.

GIVCN–Eora26–AF 1990 1995 2000 2005 2010 2015

|E| 499 492 468 482 491 480
〈d〉 5.156 4.606 4.399 4.249 4.147 4.238
〈k〉 2.772 2.733 2.600 2.678 2.728 2.667
〈C〉 0.558 0.592 0.612 0.590 0.625 0.622

r(out, in) 0.540 0.495 0.457 0.421 0.428 0.441

2.3. Network Modeling

To reproduce the collaborative relations between industrial sectors on the GVC, we
design a generation algorithm based on RAP approach:

wO
ij =

{ 1
→
w j

∑N
k=1

wikwjk
←
wk

, i 6= j

0 , i = j
(7)

where, wik (wjk) is the i-th (j-th) row and k-th column element of the adjacency matrix of
GIVCN model, representing the upstream sector i (j) and downstream sector k respectively;
←
wk is the gross inputs of downstream sector k, and it is numerically equal to the in-degree
strength of node k in GIVCN model, say

←
wk = SIN(k) = ∑N

i=1 wik;
→
w j is the gross outputs of

upstream sector j, i.e.,
→
w j = SOUT(j) = ∑N

k=1 wjk; wO
ij measures the collaborative attraction

from the sector i to j; upstream sectors i and j are connected by an edge denoted by eO
ij in

the complete participant subgraph.
Finally, the edge set EO =

(
eO

ij

)
and weight set WO = (wO

ij ) reflect all the collab-
orative relations among sectors in the global production system. We name the graph
G =

(
V, EO, WO) as the Global Production Capacity Collaboration Network (GPCCN).

Accordingly, we separate three types of GPCCN–BRI models from the whole network,
which are GPCCN–Eora26–AS, GPCCN–Eora26–EU, and GPCCN–Eora26–AF.

3. Measurement

According to our paper on the application of the complex network theory [18,30],
network-based algorithms and indices have great potential to enhance the understanding
of the industrial sector’s position and function, given the network-form architecture of
GVC. The inter-industry collaboration status has been embodied in the GPCCN model, and
out-strength and in-strength as simple yet important tools are hence introduced to quantify
industrial sectors’ collaborative opportunity and threat on the GVC, based on which we
further carry out econometric, static timing, and simulation analyses.
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3.1. Sector-Level Indices

When discussing the cooperation relations in the GPCCN model, we define the sum of
the collaborative attraction obtained from other sectors (out-strength) as one sector’s Col-
laborative Opportunity Index (COI), i.e., the greater the COI, the stronger the collaborative
relations between this sector and the others. Additionally, the sum of the collaborative
attraction is exerted to other sectors (in-strength) is defined as one sector’s Collaborative
Threat Index (CTI). Once the collaboration degree declines, and the uncertainty of indus-
trial development will go up, because a greater CTI indicates that the sector needs to rely
on many collaborative relations to maintain its function and status on the GVC. Their
statistical formula is as follows:

COI(i) = SOUT(i) = ∑N
j=1 wO

ji (8)

CTI(i) = SIN(i) = ∑N
j=1 wO

ij (9)

As the counterparts of CSI and CWI, we are interested in the distribution and cor-
relation of COI and CTI. As shown in Figure 8, the heavy-tailed distribution of COI for
all sectors in GPCCN–Eora26–2015 also follows the levy-stable distribution, but that of
CTI is mainly concentrated in a narrow numerical range. The heterogeneity of COI and
the homogeneity of CTI together result in no strong correlation between them (Pearson
correlation coefficient is only −0.435).

Figure 8. Distribution and correlation of COI and CTI in GPCCN–Eora26-2015.

In our opinion, the collaborative opportunities brought by global economic integration
to various countries are very different, while the threats of collaboration are almost the same.
The fundamental reason is that today’s advanced information technology and convenient
supply chains have greatly reduced the difficulty for the industrial sector to find partners.
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3.2. Country-Level Indices

On the basis of COI and CTI, notions of National Collaborative Opportunity Index
(NCOI) and National Collaborative Threat Index (NCTI) are here introduced:

NCOI(u) = ∑i∈τ(u) COI(i) (10)

NCTI(u) = ∑i∈τ(u) CTI(i) (11)

where NCOI(u) and NCTI(u) are used to measure the collaborative opportunity and
threat of country u.

Since the difference in collaborative threats is not obvious, we focus on the changes
in the NCOIs of BRI-related nations. Tables 7–9 list six countries with the highest NCOI
in three sub-networks from 1990 to 2015. Obviously, China’s NCOI rankings in the three
sub-networks are constantly rising, which shows that the prospects for its cooperation with
countries in multiple RVCs are as good as possible.

Table 7. Top five BRI-related Asian nations’ NCOIs in GPCCN–Eora26 models.

Rank
1990 1995 2000 2005 2010 2015

Country NCOI Country NCOI Country NCOI Country NCOI Country NCOI Country NCOI

1 KOR 37.992 KOR 42.409 CHN 49.699 CHN 58.448 CHN 74.766 CHN 77.275
2 THA 33.407 CHN 40.414 KOR 41.204 KOR 41.015 KOR 38.313 KOR 37.601
3 UZB 30.817 THA 38.097 THA 36.087 THA 37.827 THA 34.572 THA 34.614
4 CHN 30.440 IDN 31.849 IDN 29.806 IRN 31.301 IRN 31.483 IRN 31.685
5 IRN 28.771 SGP 30.356 IRN 29.651 SGP 30.130 SGP 29.588 SGP 28.839
6 IDN 28.642 IRN 29.870 SAU 29.614 SAU 28.181 IDN 28.238 IDN 27.845

Table 8. Top five BRI-related European nations’ NCOIs in GPCCN–Eora26 models.

Rank
1990 1995 2000 2005 2010 2015

Country NCOI Country NCOI Country NCOI Country NCOI Country NCOI Country NCOI

1 ITA 60.996 ITA 67.608 ITA 68.827 ITA 65.879 ITA 63.145 ITA 60.212
2 RUS 54.947 RUS 53.430 RUS 62.334 RUS 56.649 RUS 59.270 RUS 59.401
3 SRB 30.137 AUT 29.366 CHN 31.486 CHN 33.962 CHN 43.633 CHN 44.524
4 UKR 28.860 SRB 29.084 GRC 29.172 POL 28.177 SRB 33.570 SRB 37.034
5 AUT 26.898 CHN 28.763 AUT 28.746 AUT 27.745 POL 28.585 POL 28.103
6 GRC 24.992 GRC 27.841 POL 28.508 GRC 27.639 AUT 26.809 AUT 26.274

Table 9. Top five BRI-related African nations’ NCOIs in GPCCN–Eora26 models.

Rank
1990 1995 2000 2005 2010 2015

Country NCOI Country NCOI Country NCOI Country NCOI Country NCOI Country NCOI

1 ZAF 48.196 ZAF 59.683 ZAF 60.514 ZAF 59.005 CHN 70.547 CHN 72.044
2 LSO 39.341 CHN 40.776 CHN 46.740 CHN 56.222 ZAF 52.555 ZAF 50.861
3 CHN 33.572 KEN 27.445 KEN 29.039 KEN 27.919 AGO 25.332 AGO 25.585
4 CIV 28.893 NGA 26.717 NGA 26.535 DZA 25.889 KEN 25.289 KEN 25.577
5 MAR 26.592 LSO 26.425 DZA 26.354 AGO 25.860 DZA 24.708 DZA 24.523
6 KEN 25.619 DZA 25.788 CIV 25.528 SEN 25.529 EGY 24.047 MAR 24.292

3.3. Correlation Analysis between Competitive Strengths and Collaborative Opportunities

Xing et al. [26] defined Competitive Strength Index (CSI) as the competitive pressure
that an industrial sector imposes on others. By observing the relation of NCSI and NCOI in
different years, we find that there is a very significant positive correlation between them, as
is shown in Figure 9. In our opinion, the latter is the leading index of the former.
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As is well known, vertical specialization and international trade are the foundation and
embodiment of global economic integration. In most cases, one country/nation’s economic
development is based on making full use of its own and the others’ resource endowments,
so reaching a consensus is more important than creating a conflict of interest. The world of
the 21st century has long since gotten rid of the colonial and semi-colonial development
model. Each nation uses its comparative advantages to engage in economic and political
games on the world stage. Therefore, we believe that the reason why countries/nations’
competitive strengths and collaborative opportunities are closely related is mainly because
they first establish a connection with the world through cooperation, and then consolidate
their industrial function and status on the GVC through competition.

Figure 9. Correlation of NCSI and NCOI in GPCCN–Eora26 models. Notes: We use different colors to
distinguish the top 10 nations in GDP in each year. In addition, the size of each point is proportional
to the GDP of the corresponding nation.
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4. Simulations

Three sets of scenario simulations have been designed to observe the effects on national
collaborative opportunities of both China and main BRI-related nations under international
trade fluctuation in GIVCN and GPCCN models. If the new trade policy was signed or the
original trade one was withdrawn between two countries, there will be three possibilities
for the volume of import and export trade between them as tariffs may change [30]:

Scenario I: X increases or decreases its export to Y while its counterpart remains stable.
Scenario II: Y increases or decreases its export to X while its counterpart remains stable.
Scenario III: Both parties increase or decrease its export to the counterpart simultane-

ously (there is no need to distinguish X and Y under this scenario).
Considering that the meaning of BRI is to promote interconnection and trade prosper-

ity for all interested parties, we choose Scenario III as the only possibility. Then, simulations
are carried out by increasing the volume of bilateral trade between two given nations from
0% (disruption of both import and export trades) of the initial value to 100% (gross value of
trade in the ICIO table), and further up to 200% (both import and export trades doubled) in
the specific GIVCN–BRI model, with every 10% as intervals. In the meanwhile, calculations
on their NCOIs will be repeated in the corresponding GPCCN–BRI model, and simulation
curves are acquired in this way for both parties of X and Y.

Despite trade volumes, we also need to consider the possible trade agreements, which
have a more significant influence on international trade itself. We set three kinds of cases
to observe how the collaborative status of China and BRI-related nations will change as
shown in Figure 10.

Figure 10. Three cases of realization of collaboration at the scale of RVC. Notes: We take China and
five main BRI-related nations in Asia as examples, and the basic settings are the same as those in the
European group and African group.

Case A: China strengthens its trade collaboration with the others, respectively—As
in the initial stage of BRI, China needs to establish mutually beneficial and collabora-
tive relations with one country after another, in order to promote its transfer of excess
production capacity.

Case B: Other nations bypass China to form an economic community—This is an
undesirable situation for China since its economic development driven by foreign trade
will be hindered, just like the TPP initiated by the United States.

Case C: All the nations strengthen the trade collaboration in between under a unified
trade agreement—The newly formed RCV will be more beneficial to some nations than in
other cases.

Based on these cases under Scenario III, this section lists the NCOI trends of the major
economies (China and the top five countries in NCOI) in the GPCCN–BRI–2015 models
with China as the core. As shown in Figures 11–19, the slope of the simulation result curve
represents the elasticity of industrial collaborative ability to changes in trade volume. We
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try to find a better solution for both China and BRI-related nations in consideration of a
win-win outcome.

4.1. Simulation on Asian Nations

According to the simulation results in Figures 11–13, we find that: (1) In Case A,
China’s NCOI sharply increases as the volume of international trade goes up, while other
countries decrease to varying degrees; (2) In Case B, NCOIs of China, Iran (slightly), and
Singapore decrease, while Indonesia (sharply), Korea (sharply) and Thailand (slightly after
the trade rate is positive) increase; (3) In Case C, NCOIs of China (sharply), Indonesia
(sharply), and Korea increase, while Iran, Singapore (sharply), and Thailand decrease.

Figure 11. Influence on China and main Asian nations in Case A.

Next, we will specifically analyze the production capacity cooperation potential be-
tween China and major Asian countries.

Though hit by the financial crisis in 2008, Indonesia’s economy managed to maintain
a relatively fast growth rate, being the largest and fastest growing in Southeast Asia. Yet
in recent years, its economic growth has slowed due to the shrunk volume of imports
and exports significantly affected by global demand and prices. As a large agricultural
country, Indonesia is the third largest producer of rice and the second largest producer and
exporter of palm oil in the world. In the industrial sector, it is dominated by mining, oil and
gas, textile, and light industry. China and Indonesia are highly complementary in various
fields of industrialization and enjoy a wide scope for cooperation. Not only does Indonesia
have a strong willingness to cooperate with China in production capacity, but Chinese
companies are also quite attracted to the potential market and fastest growing economy
in the southeast region. Chinese investment in Indonesia has mainly taken advantage of
its infrastructure needs and labor force, focusing on infrastructure construction, energy
development, palm oil plantation industry, and labor-intensive manufacturing industries
such as textiles and cell phone assembly.
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Figure 12. Influence on China and main Asian nations in Case B.

Figure 13. Influence on China and main Asian nations in Case C.
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As one of the major economies in Asia, Iran’s economic strength is second only to
Saudi Arabia in the Middle East area, and its total population second only to Egypt, making
it a pivotal regional power. The industrial structure of Iran is relatively simple, with the oil
industry dominating the national economy. However, suffering from the long-lasting eco-
nomic sanctions from Europe and the United States, its crude oil exports have been greatly
restricted. The Iranian government has been increasing trade with other countries in recent
years to revive the export trade volume, so as to free its economy from dependence on oil
exports by increasing the income from non-oil products. China has been Iran’s top trading
partner for eleven consecutive years, and there is great room for economic cooperation
between the two countries. In the energy sector, with its abundant oil and gas reserves,
Iran has prioritized the attraction of foreign investment and technology in the oil and gas
sector, and meanwhile, China boasts advanced technology and rich experience in energy
exploration, exploitation, and equipment export. In the field of infrastructure construction,
the current focus of economic and trade cooperation between China and Iran is closely
based on interconnection and international production capacity cooperation, carrying out
the construction of infrastructure, steel, electricity, railroads, and other projects. In the field
of trade, Iran has been able to play the role of a trade hub in Eurasia thanks to its advan-
tages as a transportation hub and a major re-exporting country, and the established free
trade zones and special economic zones in Iran have provided convenient conditions and
platforms for Chinese enterprises to make a direct investment. In the manufacturing sector,
China is promoting the participation of China-invested enterprises with world-leading
technologies in the construction of Iran’s high-tech industries, such as high-speed rail,
satellite, communications, and nuclear power, to meet the huge demand for manufacturing
products in Iran’s domestic market. Overall, the economies of China and Iran are highly
complementary. As the BRI progresses, cooperation between the two countries in energy,
infrastructure, transportation, communications, machinery manufacturing, and agriculture
will be further deepened.

Korea witnessed an economic boom since the 1970s, and then was hit by the Asian
financial crisis in 1997, dragging its economy into a stage of medium-rate growth. Due
to the limited natural resources, its industrial structure is dominated by manufacturing
and services industries. Its manufacturing industry is mainly technology- and knowledge-
intensive, and has strong international competitiveness in shipbuilding, automobiles,
electronics, and steel, yet the industrial materials of which are all dependent on imports.
With China being Korea’s top trading partner, the two countries enjoy broad prospects
for cooperation in the manufacturing sector. As China’s industrial structure gradually
upgrades, China and Korea are mainly trading on high value-added electromechanical
products, and the trading structures of the two countries are highly similar. The establish-
ment of China–Korea FTA will further deepen the trade and investment between the two
countries, form strong synergy in manufacturing industries, and become a new growth
engine for multilateral cooperation in the Asian region, regional trade markets, and regional
industrial development. China and Korea can cooperate more extensively in the future in
emerging industries such as the Internet, and also in energy development, finance, and
power grid construction in the Asian region.

With its well-developed services sector, Singapore is the fourth largest international
financial center and the third largest foreign exchange trading center in the world. The
three sectors account for less than 1%, 30%, and 70% of GDP, respectively. Singapore’s
unique geographical location has contributed to its status as a world powerhouse in the
marine industry; high-quality logistics infrastructure wins it a reputation for reliability
and speed of delivery; world-class port and airfreight facilities, excellent warehousing and
delivery channels, and unparalleled regional and global connectivity gain it a firm foothold
in global sourcing and integrated manufacturing. In terms of existing Sino–Singaporean
economic and trade cooperation, Chinese investment in Singapore has seen a surge in
recent years, mainly in contract labor, transportation, construction, energy, and other
areas. Combined with Singapore’s economic situation and the fruits of Sino–Singaporean
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economic and trade exchanges, Singapore has a limited role in absorbing and converting
China’s excess capacity in industries owing to its high stage of industrialization and services-
dominated industrial structure. However, the two countries have potentials for cooperation
in capital-intensive manufacturing and services industries. Chinese enterprises can invest
in high-end enterprises in Singapore’s manufacturing industry chain to learn from its
advanced management experience and technology; additionally, they can take advantage
of Singapore’s convenient transportation conditions and its status as an international
financial center to develop trade and financial services, etc.

Located in the center of Southeast Asia, Thailand stands at the natural intersection of
the ASEAN market and will become a booster rocket for the 21st Century Maritime Silk
Road thanks to its relatively sound infrastructure. Thailand’s economy is highly export-
dependent, with exports accounting for about 2/3 of its GDP. Agriculture is the country’s
traditional economic sector, with agricultural products being one of the main sources of
foreign exchange earnings. Thailand is the only net exporter of food in Asia, living up
to its reputation as the “breadbasket of Southeast Asia”. Among its top 10 export com-
modities, six are agricultural products, accounting for about 40% of the total export value.
According to Chinese customs statistics, the total bilateral trade volume between China
and Thailand accounts for 1/6 of the total bilateral trade between China and ten ASEAN
countries, making Thailand China’s fourth largest trading partner among ASEAN countries.
Meanwhile, China is Thailand’s largest trading partner, the largest source of imports, and
the largest export destination. The trading structure between China and Thailand has been
optimized in recent years, depicting a pattern featuring complementary advantages and
mutual benefits. Among all the trading products, electrical and mechanical products take
the largest share, and the proportion of plastics and their products is also increasing.

4.2. Simulation on European Nations

According to the simulation results in Figures 14–16, we find that: (1) In Case A,
China’s NCOI sharply increases as the volume of international trade goes up, while other
countries decrease to varying degrees; (2) In Case B, NCOIs of China, Austria, and Poland
(slightly) decrease, while Italy (sharply), Russia, and Serbia (sharply before the trade rate is
positive and then slightly) increase; (3) In Case C, NCOIs of China (sharply), Italy, Russia
(slightly), and Serbia (before the trade rate 60%) increase, while Austria (sharply), Poland,
and Serbia (after the trade rate 60%) decrease.

Next, we will specifically analyze the production capacity cooperation potential be-
tween China and major European countries.

Lying at the south-end of Central Europe, Austria is an important transportation hub
in Europe, with an economy growing faster than the EU average. Austria boasts an ample
supply of mineral, forest, and hydraulic resources; in particular, its forest coverage accounts
for nearly 50% of its total area. In recent years, as Austria’s economy has been developing at
a fast pace, the machinery industry is its largest industrial sector, its agriculture and tourism
industries are well-developed, and the services industry occupies an important position.
China is Austria’s most important trading partner in Asia. China’s rising living standards
are attracting more and more Austrian companies to make investments, encouraging
Sino–Austrian bilateral trade to continuously grow. With the unique advantages in the
metal industry, mechanical engineering, food, chemical, automotive, and environmental
protection industries, Austria exports high-tech products to China, and thus becomes an
important technology importing source for China in the EU. Besides, Austria’s position
as a hub for China’s interconnectivity with the CEE region is also noteworthy. In general,
given the highly complementary bilateral trade, the cooperation between Austria and
China in the fields of trade, finance, infrastructure construction, and culture will unlock
significant potential.
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Figure 14. Influence on China and main European nations in Case A.

Figure 15. Influence on China and main European nations in Case B.
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Figure 16. Influence on China and main European nations in Case C.

Italy is situated on the northern coast of the Mediterranean Sea in southern Europe. It
is the second largest manufacturing country in the EU after Germany, the fourth largest
economy in Europe and the eighth largest in the world. Known as the “Kingdom of SMEs”,
the number of Italy’s small and medium-sized enterprises accounts for more than 98% of the
total number of enterprises. However, in the short supply of natural resources, the country’s
oil and gas production can only meet a small portion of its domestic market demand. In
addition, though being highly developed, its economy is facing unbalanced development,
with a widening gap between the prosperous northern region and the relatively backward
southern region, divided by the capital Rome. Italy was among the first batch of European
countries to develop trade relations with China. The two countries signed a communiqué
on the establishment of diplomatic relations as early as 1970. After the establishment of the
China–Italy comprehensive strategic partnership in 2004, the economy and trade between
the two countries has grown rapidly. As of 2018, Italy has become China’s fourth largest
trading partner, third largest export market, and source of imports in the European Union;
likewise, China is Italy’s top trading partner in Asia. Suffice it to say that the BRI between
China and Italy can help bring into play the comparative advantages of both sides. To be
specific, Italian companies have comparative advantages in high-end manufacturing and
services industries, design, aerospace, biomedicine, etc., but lack capital liquidity, which
can be complemented by Chinese companies which are seeking to transform and upgrade
their value chains with relatively sufficient funds.

Located in Central Europe and south of the Baltic Sea, Poland is the largest and
most populous country in Central and Eastern Europe. Poland’s unique geographical
advantage guarantees its important role in the Belt and Road. China and Poland have
planned to use Poland as a hub for new logistics routes to build a logistics center in
Central and Eastern Europe, thereby promoting the inflow and entry of Polish and Chinese
products to the European region. As China’s BRI and interconnectivity strategy progresses,
a series of China–Europe freight trains by way of Poland have been launched to expand
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cooperation in trade and investment between the two countries. The economies of China
and Poland are highly complementary and have the potential to develop together in the
fields of infrastructure and high-tech industries, despite some obstacles such as limited trade
volume, insufficient mutual investment, and a small number of large-scale cooperation
projects, etc.

Russia, the largest country in the world, straddles the Eurasian continent and includes
both the eastern half of Europe and the western part of Asia. Russia’s industrial structure
is homogeneous and its economic structure is overly dependent on energy exports. Its
secondary industry is supported by heavy and chemical industries, while agriculture and
services are relatively underdeveloped. China and Russia are each other’s largest neighbors,
and their unique geopolitical advantages facilitate economic and trade cooperation in the
border areas of both countries. For a long time, China and Russia have been each other’s
important trade partners. China has been Russia’s largest trading partner for eleven
consecutive years, while Russia is the tenth largest trading partner of China. The trading
structure of the two countries reflects complementarity. China imports Russia minerals,
wood and wooden products, and other less processed primary products, while exporting
to Russia electromechanical products, textiles, and raw materials; the various products in
which the two countries have significant comparative advantages basically do not overlap.

Located in southeastern Europe, Serbia is a landlocked country in the middle of the
Balkans that suffered severe damage to its industrial facilities in the 1990s when it was
bombed by NATO during the Kosovo War. In the 21st century, with the introduction of
privatization, Serbia’s economy has gradually recovered, but the overall economic level is
below the European average. The main economic obstacles are the high unemployment
rate and large trade deficits. Serbia was the first country in Central and Eastern Europe to
establish a strategic partnership with China, and since 2006 China has been Serbia’s top
trading partner in Asia and the fifth largest trading partner in the world. At present, though
developing at a relatively fast pace, its overall economy is still underdeveloped, especially
when it comes to the outdated infrastructure. In the future, China and Serbia have great
potential for cooperation in infrastructure construction, energy, chemical industry, mineral
products, and other fields.

4.3. Simulation on African Nations

According to the simulation results in Figures 17–19, we find that: (1) In Case A,
China’s NCOI sharply increases as the volume of international trade goes up, while Algeria,
Angola (sharply when the trade rate is very low and then slightly), Kenya, Morocco, and
South Africa decrease; (2) In Case B, NCOIs of China (slightly), Angola (slightly), and
Kenya decrease, while Algeria (slightly), Morocco (slightly), and South Africa increase;
(3) In Case C, NCOIs of China (sharply) and South Africa (slightly) increase, while Al-
geria, Angola (sharply when the trade rate is very low and then slightly), Kenya, and
Morocco decrease.

Next, we will specifically analyze the production capacity cooperation potential be-
tween China and major African countries.

Located in northwest Africa, Algeria is the largest country in terms of area and the
fourth largest economy in Africa. Rich in underground oil and gas resources, Algeria is the
second largest gas exporter in the world, with the fifth largest reserves, so the oil and gas
industry underpins its economic development. The industrial cooperation between China
and Algeria can be mutually beneficial. Firstly, as Algeria’s largest source of import, China
mainly imports energy and mineral resources such as iron ore and LPG from Algeria, and
invests in oil and gas, mining, aerospace, nuclear energy, and other fields. Secondly, the
cooperation between China and Algeria in high-tech fields has strongly contributed to the
economic growth and industrial development of both countries. Thirdly, China’s overseas
infrastructure capacity, which is high-level and cost-effective, can help build infrastructure
such as roads, railroads, ports, and airports in Algeria.
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Figure 17. Influence on China and main African nations in Case A.

Figure 18. Influence on China and main African nations in Case B.
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Figure 19. Influence on China and main African nations in Case C.

Situated in sub-Saharan Africa, Angola is the fourth largest economy and one of the
largest capital attracting countries in Africa. It has ample oil, natural gas, and mineral
resources, and also a large amount of hydroelectric power, as well as resources of agricul-
ture, forestry, and fishery. Its hydropower generation accounts for 3/4 of the country’s
total power generation. Angola’s economy is mainly based on agriculture and minerals,
and oil, with oil being the mainstay industry. Although it has taken effective measures to
promote economic diversification and reduce the dependence of the national economy on
the oil industry, the country is still struggling with a low level of economic development
and backward infrastructure. China’s imports from Angola mainly include crude oil, nat-
ural gas, and other natural resources, and Angola’s imports from China mainly include
electromechanical, steel, automobile, and other products. China actively participates in
investment in Angola and has obvious competitive advantages in infrastructure construc-
tion such as railroads, in addition to many other fields such as oil, construction, power
grid, and telecommunication. In recent years, the two countries are making great efforts
to promote capacity cooperation in areas such as electricity, ports, highways, agriculture,
and manufacturing.

Kenya has the most developed and complete industrial sector in East Africa. Agri-
culture, services, and manufacturing are the three pillars of Kenya’s national economy,
and the oil, mineral extraction, agriculture, livestock and fisheries, and tourism industries
are also developing well. Its natural port Mombasa connects East and Central African
countries, with good water transport conditions. Kenya boasts well-operating infrastruc-
ture in communication, transportation, resources, and energy, rich natural resources, and
huge market potential. However, Kenya’s industrial sectors and regions varies greatly
in terms of the level of development, so it needs to upgrade its industrialization devel-
opment with reference to the success stories of other countries. China is Kenya’s largest
source of imports, and also has a number of maturely developed industries and redundant
production capacity. China is now more than ready to make overseas investments and
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expand exports while sharing its best practices. China and Kenya enjoy high economic
coupling—the capital, technology, and experience of the former can be fully utilized by the
latter. The cooperation between the two countries will undoubtedly bring about mutual
benefit and win-win.

Morocco is a coastal Arabian country in northwestern Africa and a hub connecting
Europe, the Middle East, and Africa. Morocco’s economy ranks fifth in Africa and third in
North Africa. Phosphate exports, tourism, and remittances are the main pillars supporting
Morocco’s economy. It has a good foundation in agriculture but is not self-sufficient in
food. Its rich fishery resources generate the highest production in Africa. But its industry is
underdeveloped. The Moroccan government is committed to expanding domestic demand,
strengthening infrastructure construction, supporting traditional industries such as textiles
and tourism, developing new industries such as information and clean energy, actively
attracting foreign investment, and promoting economic growth. As one of the first Arab
countries to establish diplomatic relations with China, Morocco’s superior geographical
location, stable political environment, and perfect economic governance system provide
conditions for further economic and trade cooperation between China and Morocco, and
also serve as a bridge for Chinese enterprises to explore the African and European markets.
In recent years, trade and investment between the two sides have continued to thrive, and
production capacity cooperation in fisheries, infrastructure, telecommunications, automo-
biles, and other fields has been deepened.

As the second largest economy in Africa, South Africa is an important member of
multilateral organizations such as BRICS, G20, and the United Nations. It maintains
close relations with China in international organizations and multilateral mechanisms
and is considered as China’s important strategic partner. South Africa has abundant
natural resources, low labor costs, and relatively complete infrastructure in transportation,
electricity and information and communication. Mining and manufacturing are the most
important pillar industries in its national economy. The cooperation between China and
South Africa in the fields of manufacturing, investment, and trade is flourishing and of
great significance. First, South Africa’s manufacturing development has lagged in the past
20 years, and much of the manufacturing industry has been replaced by imports, mainly
due to insufficient technology reserves, high factor costs, and insufficient economies of scale.
The in-depth cooperation between South Africa and China in the manufacturing sector will
enhance its own technological level and international competitiveness. Secondly, South
Africa is China’s largest trading partner and the most important investment destination in
Africa, and China’s investment in South Africa has promoted the development of its special
economic zones. Thirdly, South Africa is now shifting from a mining and manufacturing-
dependent economy to a technology- and services-oriented economy, whose domestic
market can be further vitalized through its trade with China.

5. Results and Discussions

We try to explain the laws and reasons for the variation of collaboration among
BRI-related nations from the following three perspectives.

Firstly, China can transfer its excess production capacity to other countries on the RCV
through BRI, and then optimize its own industrial structure to move to the middle and
high end of multiple IVCs, thereby enhancing its collaborative ability on the GVC, which is
reflected by a substantial increase in the NCOI in Case A and Case B.

Secondly, by strengthening regional cooperation, some nations have made up for the
shortcomings of their own industrial structure layout to some extent and enhanced the
production transformation capacity within their NVCs. Among them: Satisfying Effect is
observed when the collaborative potential of nations with a single industrial structure is
satisfied, which is manifested as a decrease in NCOI; Incentive Effect is observed when
the collaborative potential of nations with a diversified industrial structure is further
stimulated, which is displayed as a rise in NCOI.
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Thirdly, under the combined effect of satisfying effect and incentive effect, some
nations (e.g., Thailand in Asia, Serbia in Europe, Angola in Africa) have more varying
NCOI trends under different cooperation strategies—either rise or fall, which requires to be
analyzed specifically on the causes at the sectoral level.

Regional collaboration can promote relevant economies to carry out production ca-
pacity cooperation, make full use of their comparative advantages to embed in the RVC
network, and gradually achieve a rise in the GVC network. From a long-term perspective,
the BRI initiated by China will help GVC restructure toward a win-win cooperation. In this
chapter, our study provides a reference for how China can better implement the BRI. For
example, in its cooperation with Asia, where most countries are rich in oil and gas and min-
eral resources, but have poor industrial systems, backward development technologies, and
insufficient development capacity, China can cooperate with them in key areas such as oil
and gas and mineral resources via helping them establish sound industrial, transportation,
and infrastructure systems. In its cooperation with Europe, given the rapid development
of the “construction” sector, China can take advantage of the rapid development cycle of
European infrastructure, and use its experiences in rail–road industry to tap into the Euro-
pean rail transportation market. Meanwhile, China should also focus on the cooperation
with European HMT sectors. In the cooperation with Africa, China should adhere to the
humanitarian spirit, guide African industries to be more scientific and internationalized,
and bring into play Africa’s comparative advantages in the GVC network.

In the context of drastic changes in the international environment, the traditional
countermeasures to the systemic crisis of the national economy have lost efficacy; and
the priority is to optimize and upgrade industrial structure. With its complete industrial
chain and supply chain and the vast domestic market, China should avoid the “industrial
hollowing-out” similar to Japan, the United States, and other countries. From the perspec-
tive of economic security, while continuously encourage industrial sectors to “go global”,
China needs to respond to its dwindled competitiveness in the whole industrial chain and
strengthen independent innovation to supplement the shortcomings. Against the backdrop
of GVC reconstruction in the post-pandemic era, China shall explore a new development
model, use the domestically economic circulation to drive the internationally economic
circulation, take the BRI as the focus, and seize new foreign trade opportunities brought
by RCEP. By doing so, it will embrace strengthened ties with other countries, and better
integration into the GVC with a higher level of openness. This will be a favorable measure
to promote global economic integration and counteract reverse globalization.

6. Conclusions

This paper measures the collaborative relations between industrial sectors and simu-
lates that between countries in consideration of both the actual demand from downstream
sectors and the potential industrial-capacity cooperation from upstream ones. We believe
this chapter will be helpful to understand the trend of economic globalization and regional
economic cooperation. Contributions of this paper are as follows:

(1) Establish the GPCCN model to embody the collaborative relations among industrial
sectors. In consideration of the scarcity of productive capacities, we use bipartite
graphs to distinguish the roles of industrial sectors on the GVC as upstream and
downstream ones. Then, we extract the collaborative relations hidden in the IO/ICIO
table via RAP approach, transforming the GIVCN model into the GPCCN model. The
latter depicts collaborations among countries and their industrial sectors.

(2) Propose network-based measurement tools to reveal the collaboration status on the
sectoral level and the national level. After getting the collaborative relations among
industrial sectors, the summation of the collaborative attraction that one imposes on
others is defined as the COI, and the summation of collaborative attraction that one
receives from others is defined as the CTI, which are the out-strengths SOUT and in-
strengths SIN of nodes, respectively, in the GPCCN model. As well, NCOI and NCTI
standing for the country-level cooperation competence can be further calculated. Of
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course, we pay more attention on the economies’ collaborative opportunity measured
by NCOI in the empirical analysis.

(3) Simulate collaborative opportunities of BRI-related nations. GVC is the most sophisti-
cated economic system, whose relatedness, heterogeneity, and diversity deserve more
attention from the relevant authorities when making international trade policies. Only
by studying GVC can China and its trade partners benefit from the BRI. We believe
the simulation framework in this paper possesses considerable reference value and
will be a guide for analyzing globalization issues with physical statistics.

In this paper, we set three kinds of cases to observe how the collaborative status
of China and BRI-related nations will change. The premise of global cooperation on
production capacity is the complementarity and coupling of the two cooperating countries
on the GVC, emphasizing the utilization of their respective advantages in technology,
capital, and resources to achieve mutual benefits and win-win situations.

Empirical analysis has shown that China’s BRI has indeed brought dividends to
nations along the route. Especially for some less developed countries in Asia, Europe,
and Africa, continued industrial-capacity cooperation with China in key areas has signif-
icantly improved their ability of globally synergic production. This further proves that
BRI can provide good development opportunities for relevant countries through comple-
menting advantages, resource sharing, and capacity cooperation, and can help achieve
common prosperity.

In the next stage, more detailed analysis on the trade between China and BRI-related na-
tions should be carried out from the perspective of their market sizes and industrial layouts.
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