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Fig.1 Spatial distribution of China’s rare earth export

1992 1998 2004 2010 4 H [ (1) Hb B 4E vp B2 4K
WH0.63.0.62.0.69.0.71, FEH BN 0.56.
0.57.0.54 0. 73, 3 H + Hy 110 Hb 2 AE FpoRR EE A



3

AR 22 45 v SR Y 1 23 TR JR) LAY 153

FEANKEAXIEE 7, 1 2 WY P [l A = ) 10 23 ) A% )
PIAFAE MO 3R AR SR )
RS TLRR L

80% 10.8

Caribbean
70%¢ 107 Australia
60% 106 Africa
50% 1 40.5 === South America
40% 104 North America
Jos e
20% [ 102 —gG
10% 10.1

0,

% 0.0
’ 199219951998200120042007201020132014

B2 ZEHIHORZEEZTESM
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Table 1 Degree, strength, unit weight of China‘s and USA’s rare earth export between 1992 and 2015
1992 1993 1994 1995 1996 1997 1998 1999
S 7433. 30 8821. 00 11236. 60 21838. 17 24334.94 25716. 57 28264. 42 24236.77
China k 26 34 32 31 33 34 34 36
U 285.90 259. 44 351. 14 704. 46 737.42 756. 37 831.31 673.24
S 2260. 30 2618. 61 3419.78 4943. 64 5465.03 5904. 80 5904. 78 3916. 61
USA k 41 43 42 44 44 53 52 46
U 55.13 60. 90 81.42 112.36 124.21 111. 41 113.55 85. 14
2000 2001 2002 2003 2004 2005 2006 2007
S 30716. 06 26793. 11 20061. 87 23657.72 27827.01 30917. 25 47222. 14 76043. 91
China k 36 42 45 46 49 50 50 46
U 853.22 637.93 445. 82 514. 30 567.90 618.34 944. 44 1653. 13
S 4454. 07 4019. 30 4291.76 3809. 68 4101. 69 3495. 80 4647. 54 4402. 51
USA k 49 55 54 52 49 60 57 54
U 90. 90 73.08 79.48 73.26 83.71 58.26 81.54 81.53
2008 2009 2010 2011 2012 2013 2014 2015
S 68499. 46 30741.75 92960. 89 265753.0 90529. 35 57193.32 36957. 82 36800. 36
China k 45 48 43 34 35 40 41 47
U 1522.21 640. 45 2161. 88 7816. 27 2586. 55 1429. 83 901. 41 782.99
S 3725. 44 3171. 66 8232.03 29569. 17 13496. 73 7363. 07 4966. 27 6798. 17
USA k 58 52 53 58 57 64 57 55
U 64.23 60. 99 155.32 509. 81 236.78 115. 05 87.13 123. 60
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Table 2 Weight distribution difference and standard weight entropy of China’s and USA’s
rare earth export between 1992 and 2015

1992 1993 1994 1995 1996 1997 1998 1999

China 0.17 0.21 0.28 0.27 0.26 0.26 0.24 0.26

! USA 0.16 0.17 0.15 0.13 0.14 0.15 0.14 0.09

China 0.62 0.52 0.51 0.50 0. 48 0.51 0.53 0.51

" USA 0.62 0.62 0.61 0.63 0. 63 0.58 0.62 0.72

2000 2001 2002 2003 2004 2005 2006 2007

China 0. 31 0.21 0.25 0.23 0.33 0.37 0. 46 0.51

' USA 0.09 0.09 0.12 0.15 0.11 0.14 0.15 0.21

China 0. 48 0.53 0.51 0.52 0. 44 0.42 0.36 0.33

" USA 0.71 0.69 0. 65 0.62 0.69 0. 63 0.61 0.59

2008 2009 2010 2011 2012 2013 2014 2015

China 0. 46 0.28 0.29 0. 40 0.23 0.21 0.28 0.22

' USA 0.18 0.13 0.27 0.17 0.10 0.09 0.08 0.09

China 0.34 0. 46 0.50 0.42 0.54 0.53 0.50 0.52

g USA 0. 60 0. 65 0.53 0.57 0.69 0.69 0.71 0. 68
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Table 3 Spatial structure similarity of China‘s and USA’s rare earth export between 1992 and 2015
1992 1993 1994 1995 1996 1997 1998 1999
C 0.76 0. 82 0. 65 0.70 0. 66 0. 64 0. 65 0.63
ESSI 46.90 50.91 38.16 35.96 37.11 38.23 41.52 39.53
2000 2001 2002 2003 2004 2005 2006 2007
c 0.56 0.62 0.77 0.76 0.70 0.91 0.80 0.96
ESSI 38.32 38.75 50. 94 50. 75 42.96 52.56 43.28 54.35
2008 2009 2010 2011 2012 2013 2014 2015
c 0.95 0.78 0.97 0.90 0.89 0.39 0.37 0.41
ESSI 52.52 43.70 65. 42 46.99 50. 44 25.36 25.29 33.35
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Table 4 Moran‘s I of China‘s and USA’s rare earth export
1992 1995 1998 2001 2004 2007 2010 2013
China 0.09 0.01 0.01 0.02 0.01 0.00 0.02 0.01
USA ~0.01 -0.01 -0.01 -0.03 -0.01 0.00 0.01 0.0
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Table 5 ASEAN accounts for the proportion of rare earth export trade between China and USA

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
China 0.01 0.01 0.00  0.00 0.0l 0.05 0.02  0.03 0.03 0.05 0.07
USA 0.01 0.01 0.02 0.0l 0.2 0.06  0.22 0.1 0.15 0.16 0.25

3 4iE G FE WG T 08 I P R R A R Y

PR 23 8] 4 S 08 R AR LA TE Ry A DX 3 = ) A
ARSCUIE Z M2 AR 6 Al 5 SRR s ) R fPFiEshpy s AR5 X 0™ b B 3 72 3 5

V€ TR r O e Y e A VM (61 (9 i S B A %%ﬂ@ﬁﬁ/“ﬂ%%% 2 — A e ik T

WHFE, 202 AR R R AE AR 5 IR 2 O ERWMAR S R 2 5F B Y R R g 1 vk

U, FEAERWT EM iz @%ﬁ%i?@ R el 5 BOIR

LSRG+ Azs Ak R 22 0 2 KLk EE RS AR R i S Ak, vh 38 M % BUIA 35 AE

EZEFIV A AR, REE TR EE
2 B S AR i e AR 5T 00
JEL i T I, JCVe DA B I 57 B 5ik JBE Y 45 )

Ay b SR Al 22 SV bR vEASCER i Y e B 3R

W], v SR 1 s IS SR A A e 3 25 5, G R
AR S ) 3 A B R 2 U AR, A 22 S R

AN, S A SR A AR v TR, R B
RS A P E T e TR B s (R A )
T DX A A5 P A AL 1 R rh 3R 2 2 7 0 1 28 () A%
JR 2 5 BB AR
2. SRR A 1S (R S5 R AP, B P
B2 by UK BIK 5y 5 1) 235 44y 1 e ] 3] 0 S et 28, =S
[ Z5 A AR R A D R WD, T 80 - i 7 42 Bk
B oyt S A — 8 B 41, OF FLX Rl il 5 4
AR RN G T 8K 5 TR R 0 P 4
th 11 223 TRDAFRLRE 8 B0 i — 25 B P AR 1 s
(1472 A Jmy A B AR S 32 AR, JE 1 DAL P AR
G YRR BT A H bR R S R b s 1w T A
R = T CBE BROT B A ORS00
TSR AU Y 1R Bl A A ] S
i ] 380 S 1 Y A
3. Elﬂ%%ithuiﬁzﬂtﬂ S ] 43 5 19 RRAE L
FEAEZS AR 3 5 2 0% | BUR N ZR 284152
e T B A% Ja 1) 52 2% io Hp B = TG S B

2% ) b B Ry G 2 WO K i 1 32 A, 38 B A
AR5 4 T 4 ) I K i 38 o) ] W R ) R
A o T O O AR S R I R 38 [ AT
VR PR w1 Bl B2 2 T B R R Y
M BUB AT R

4. A A BRI G VR 1 e 25 R A AL 4
RS Ry A FRL K BN ) TR B N
Wi AL AT P R PR A R RO T 27
“rpE il 20257 AT RSE AR S AN SRR v ROk
Hp R Y 1 A 2 LR s O R A U
(RIS | W A < — il — %7 [ 52 K W T O R < A - Ah
2 RER RS P RS XIS K& &
AAE, DAl R 4 A 2SR )

S 3k

(1] B4, 5 A T 5 WE U b ERAAF 5T . vl ) 0 U0 2
PIBLAR e SHLB ] PR3, 2016,35(4) 1 607-
616.
Huang X J, LU Q L. World resource geography: The
present status, deficiency and opportunity of China’ s
resource geography [ J ]. Geographical Research, 2016,
35(4) :607-616.

[2] IR WEsE 1 KRR A 5 3R E A 1 e
R[I]MA5T, 2014, 40(4) :56-65.

He H L. Rare earth reserves of downstream importing



AR 22 45 v SR Y 1 23 TR JR) LAY 157

(3]

(4]

[5]

(6]

[7]

(8]

(9]

countries and rare earth export policy in chinal J]. Jour-
nal of Finance & Economics, 2014, 40(4) ;56-65.
BRI, N —J) 225 45 M AR AR ST [T ]
i1, 2016, (6) :146-154.

Li Z M,Liu Y P,Li P, et al. Analysis of global rare earth
supply trend[ J].Chinese Rare Earths, 2016, (6) ; 146-
154.

SRR, [ B + S 248 R AL S S A0 [T, ks
AT, 2014, (5) :49-53.

Wu P L.Social network analysis of international rare earth
trade situation[ J]. Prices Monthly, 2014, (5) ;49-53.
TR, X BB 2275 0 35 T 5 28 P 45 30 1Y) T i 32
Sy R 2E oA (] P E AT - BRI S HRE
2013, 23(8) :20-25.

Cheng S J,Zhao Y H,Li X M.Differences in spatial pat-
tern of main nations’ crude oil trade on complicated net-
work theory[ J]. China Population Resources & Environ-
ment, 2013, 23(8) ;20-25.

Serrano M A, Boguna M.Topology of the world trade web
[J]. Physical Review E, 2003, 68;634-646.

Li X,Jin Y Y, Chen G.Complexity and synchronization of
the world trade web[ J]. Physica A, 2003, 328.287-296.
BOSCRET 54, e AR [ B BA 5 O 248 40 F 45 ) )
R[T]. ARG TREIE 558, 2008, 28(10) :71-75.
Duan W Q, Liu B Q,Ji J H.Topological structure evolu-
tion of world trade network[ J].Systems Engineering The-
ory and Practice, 2008, 28(10) ;71-76.

TR IE B , L2 A B R4, 45 3 T 0 2% P 4% 1) [ g™
ARG ARG [ T]. 20 B, 2013, 33(1) .
92-97.

Hao X Q,An H Z,Chen Y R, et al. Research on evolu-
tion of international iron ore trade based on complex net-
work theory[ J]. Economic Geography, 2013, 33(1) ;:92-
97.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Fagiolo G, Mastrorillo M. Migration and trade: a com-
plex-network approach [ J ]. Ssrn Electronic Journal ,
2013,538-545.

BEHE A 3R 0 T & 2 W 4% 1 1 R B2 50 A R 45
3] AE B K~ 7 4 (AR B2 i), 2015, 51
(2) :140-143.

Fan Y,Ren S T.Detecting world trade patterns by com-
plex networks [ J]. Journal of Beijing Normal University
(Natural Science) , 2015, 51(2) :140-143.

Wang X, Ge J, Wei W, et al. Spatial dynamics of the
communities and the role of major countries in the inter-
national rare earths trade; A Complex Network Analysis
[J]. Plos One, 2016, 11(5).

VFRIGE SN BH.TPP 3 50T 5w o i 38 b 52 2 46
A ——3E T2 A M A AL AT A [ 7] [ B
H oW, 2015, (8) :3-13.

Xu H L,Sun T Y.Evolution of world’ s high-end manu-
facturing trade pattern against background of tpp: a
study based on community analysis of complex networks
[J].Journal of International Trade, 2015, (8) ;3-13.
EBUE, TR 2 24 W 45 B30 T 1 R TR0 57 5 23 1)
REJREAEDEFE ()] iR 2, 2011, 31(11) ; 1342-
1348.

Cheng S J, Wang Z J. Evolution of spatial pattern of
world crude oil trade based on complicated network theo-
ry[ J]. Scientia Geographica Sinica, 2011, 31 (11);
1342-1348.

Ye X, Wu L. Analyzing the dynamics of homicide pat-
terns in Chicago: ESDA and spatial panel approaches
[J]. Applied Geography, 2011, 31(2) :800-807.

Dou Y,Luo X,Dong L,et al. An empirical study on tran-
sit-oriented low-carbon urban land use planning: explor-
atory spatial data analysis (ESDA) on Shanghai, China
[J]. Habitat International, 2015, 53.379-389.



158 ot %39 %

Comparative Study on the Spatial Pattern of Rare Earth Export in China and the United States

SHAO Gui-lan"™ , ZHOU Qian

(School of Economics, Ocean University of China, Qingdao 266100, China)

Abstract : Based on complex network theory, combined with exploratory spatial data analysis, we carry out a comparative
study on spatial pattern of China’ s and USA’ s rare earth export trade. Conclusions are drawn as follows. There are significant
differences in spatial pattern of rare earth export between China and USA, and the degree of homogenization of USA’ s spatial
pattern of rare earth export is higher than that of China. Locational condition is the main source of differences. There is strong
spatial structure similarity of rare earth export between China and USA, yet the spatial pattern of rare earth export is mainly
complementary. In recent years, strategic trade policies have driven spatial structure from convergence to divergence. The rare
earth export of China is slightly more geographically concentrated than that of USA, besides, there are spatial differentiation
and locally spatial agglomeration in China’ s and USA’ s rare earth export, and the influences exerted by geographical and eco-
nomical and political factors determine the complexity of trade pattern.

Key words :rare earth export; spatial pattern; complex network; exploratory spatial data analysis





