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On Evolution Characteristics and Vulnerability of the Rare Earth Industry
Chain Network Along the Belt and Road

Zhao Junchan, Deng Tao, Wan Zijian
School of Mathematics and Statistics, Hunan University of Technology and Business, Changsha, Hunan 410205

Abstract : Rare earth plays an indispensable and important role in emerging fields such as new energy, new
materials, aerospace and national defense construction. In order to accurately grasp the rare earth
industry chain of the Belt and Road, this paper uses complex network theory and Monte Carlo
simulation to study the upstream, midstream and downstream products of the rare earth industry chain
of the Belt and Road. The research results show that the development trend of the rare earth industry
chain of the Belt and Road is getting better and better; downstream rare earth products occupy a
dominant position in trade volume, and the clustering coefficient is larger; the entire rare earth network
has the characteristics of a small world network, with high network connectivity and cohesion; China,
India, Turkey, the United Arab Emirates, and Russia are hub countries in the rare earth industry chain;
China's influence in the rare earth industry chain of the Belt and Road is increasing, and it plays an
irreplaceable and key role.

Keywords : rare earth industry chain; the Belt and Road; complex network; structural fragility
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Table 1 Classification of rare earth industry
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Figure 1: Comparison of upstream rare earth product networks (left for 2012, right for 2020)
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Figure 2: Comparison of midstream rare earth product networks (left for 2012, right for 2020)
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Figure 3: Comparison of downstream rare earth product networks (left for 2012, right for 2020)
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Figure 4: Trade of rare earth products in the upstream, midstream, and downstream of the Belt

and Road (left: trade value, right: trade volume)
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Table 2: Characteristics of the “the Belt and Road” rare earth
industry network
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N O O wE K FREL
2012 13.68 0.21 0.50 0.21 1.89 0.64
2013 14.28 0.22 0.49 0.22 1.71 0.66
2014 14.65 0.23 0.51 0.23 1.74 0.66
2015 15.02 0.23 0.51 0.23 1.82 0.64
2016 15.00 0.23 0.52 0.23 1.78 0.66
2017 16.40 0.26 0.53 0.26 1.69 0.65
2018 16.94 0.26 0.54 0.26 1.72 0.65
2019 16.95 0.26 0.53 0.26 1.69 0.67
2020 16.32 0.26 0.52 0.26 1.66 0.70
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Figure 5: Network characteristic index diagram

NS D T CAE HE, A b s 7= 5 1 ST 24 2 2 R AL
2002—2020 4F A 238 LFHIRAS, ks Lr=f i P HR 2 &
KGN T RIS O, Wl “—a—i%" W= aE =
FTE AR R S M R A . AL, R AR EE L
FHEAE 201047 22 201 TARHI A Bl O, X — I 400 i [0 s L i
SROANITSERT I, W] “—alf—R8” W2 E A F A R iR 1

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 079



it F5iER NI | STATISTICAL METHODS AND APPLICATIONS

i SR DY ANEEY) BT S N4 B A2 B R

MESHT c ATLUEH,  “— i —" ML i P R AR
EEIXTE (1,21 W, —DEZES B MEEF LM SRR

SRR GEANS TR AL, SR b P TR
A/ MR M2, BORBGR HIEE A I SR T

(=) BSRAES

H A PO kIR A 2 A o e R A 8 7t Y R
REIANEHIRERE, HUE R it T e S5 2 R T R

WL R, AIAI20124 —2020 4E 8] [E AL T e, i
WP EAE i —B" WL S R S IR IR, BT M4
PR ORALG, B, IX94ER], FIEEA SIRHEAE ., LHHA4
WHEA S, BLIIENEE R FHOI RS LA s AR T E,
MG E T AR E SR PIBERY R P e 2
MR FE, BEAAE TN, I, 7ERM M4 A — g i)
BEHTe PEA N T M 2%t i B AL D e B, R
H BB . B

F3: AT BRG A OEHRE RT I

Table 3 Top five intermediary centrality rankings of the “the Belt and
Road” rare earth network
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Table 4: Network structural vulnerability table after removing the five

hub countries

Fro WA A HRE TR
2012 0.17 0.48 0.59 0.32
2013 0.28 0.37 0.73 0.37
2014 0.28 0.41 0.63 0.41
2015 0.17 0.43 0.57 0.31
2016 0.18 0.32 0.75 0.32
2017 0.23 0.34 0.66 0.32
2018 0.20 0.33 0.61 0.30
2019 0.20 0.44 0.60 0.24
2020 0.22 0.39 0.63 0.33
T4 0.21 0.39 0.64 0.32
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Figure 6: Change in structural vulnerability after removing a single hub country
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