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Abstract: Iron ore is an important strategic mineral resource, and its economic security is related to the overall situation of national
economic and social development.In order to further study the economic security of iron ore resources in China, the evaluation index
system of economic security of iron ore resources in China is constructed from three aspects of resources, import market and sustainable
development. The improved TOPSIS method, obstacle degree model and GM( 1, 1) =BP combination model are respectively used to
evaluate the economic security of iron ore resources in China from 2001 to 2018, analyze the main obstacle factors and give early
warning of the economic security of iron ore resources in 2020 —2025. The results show that: D From 2001 to 2018, the economic
security level of iron ore resources in China showed a general trend of first decreasing and then increasing, and the security warning level
experienced a change from blue warning to red warning and to orange warning; @Among the first level indicators, the resource security
closeness showed a fluctuating downward trend, the import market security closeness first increased and then decreased, and the
sustainable development security closeness was in a fluctuating downward trend, but increased sharply after 2016; @) The main obstacles
affecting the economic security of iron ore resources are the reserve production ratio, the increment of proven reserves, the growth rate

of exploration investment, the utilization rate of resource recovery and the relative abundance of resources; @From 2020 to 2025, the
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economic security closeness of iron ore resources in China will show a downward trend, and the security warning level will rise from

orange warning to red warning.

Key words: iron ore resources; economic security evaluation; economic security early warning; TOPSIS method; combination model;

obstacle factor

hESY RRA RS BT 2 8500, K
ZeMERE W A H AL b o E Tl AR il
HERR A RFELHE T, B N AN R TR R R K B A
TN DR BAE R . 2001—2018 4, h E ST A
PEOEH 0.92x10°% ¢ BN E 10.64%x10° ¢, HE AT 12
5 ,2018 4F o [ Bk A1 X AMEK AT B R A 85.40%
AL, EPRERE™ £ T 37 5 B 22 W fk & Rlde, nz =
PR 7 Ml B T BE AT, il P DR R AR A
PR MrA, i AN A 0 35 e EL I s i %6, Bk 0%
RN B — DR, 225 BUR A &
PRSI, AR T E Bk 5% R 2 e R A AR B R 1Y
ANHfE PR, R, R b [ R IR A 4 () A
5 RARERD 9 U5 4 A ol s BE AR, X 43P T e U
Mg e A EEE L,

SR INES AP R S b e o Y Nl ]
JRFF . —J 5L T B — 2 B T BT IR 2T By
BT, AN B IR R RIS LSR5 Al
Tl R 5 AR A B R R AR
s TR AR bR AR R TR B IR A e T PR AN
i, R ERE UM T AR
5308 Atk 56 IR RRAL b M HESR &
SEVPMFEARMAR R | LURESNE 5 8w £ (LR IR ME
gy et AN N R 7R A R A A R = A
BER BRSO 2 A 1 — 2R A bR i I 2 4
FEPRAR R DLBE IR XURS: | 22 55 KU | BOIA KUR: 4%
PEIAEE ABE LA [ R 2R O v U )2 Y i AR 4R 5T
B HEARAR R . I TR, E AL G
PEOE o i R R i B —XR IR
AL G M IE" BGR-VW!™ Jrik %, KT8k
W R IR 2 4 T2 Hou 261" 36T MRS 45 B | 4
T A A R U A TR L R R SR o 2 P %
B s B ZEEp AR 55 A M X BE IR AR AE T & A 2%
4 Ko™ b T G ks A8 Ak, B BUH R B R AT
TUERSE, AT A, BN A 5% A — I B
GARRBVEU B 5T R 2, TR AR R 22 4 i 34
FIUE 0 B 98 LR D 5 TRV BT % U & A R
1 A R R VA o N 2 e o | L A e 1SS 2018

I

W77 B8R 28 U5 2 A A 1 S R A PE A F
FRARZR P FERE 777 B8 U5 48 55 48 4 i A o 7F it
A E B RTE TR WEEE E, £
BT ] [RZ8 U A e i) S A R4S i N A XS
PRI 22 9 IR AR B % B8 R Pl HRR 22 A H i 49 3 AT
10 RERE O B 2 m R, SCRB I R Ok R R
SR RERER R N 45 00 T R P RS, R E
MFAMRI 2 B AR E TE™ . I H AR, 0
FERIRA VY H AR A FRN A ARSI, — E AT
FEREIRRRNS T R i R MU Ry, I SE BT HE
DRI F4) 4 B8P R U AT R e M ) O B, LB e
R RETE R AT E

AR SCGHBRTTERAE T O T DLBE IR 2 4
A 4 A RRe R e i 4 — RAR bR iy 2k o
IR T L2V Te bn IR &, 4 T Mo 20 ) 1 B
PRI 4V #ATEM N B R R Q2 ik
TOPSIS ¥V 2001—2018 4F i 4R ¥ R 2 55 %
& AR T ERMAE N E P W, 1 & T
WEERIGBLA R ; ORI TR B IEN
GM(1,1)-BP AN 2020—2025 4 H [E 2™
TRIR T 2 A T TR T 25 B AT LA A ok KU
B YA i i) o B R B A B R SR S K

1 WSS B

1.1 4EFRERUR B kiR

BETH SR AT L AN, 455 b E T
PR BIIR A F 2200 11 RURS K| Rl RE R T % R
FHARSPAS o 21 S A i S AR DG S8 R
BT BT WG e O e R
BERREE A 3 A — AR, iR H R i
GEURAHXT 2 1k VA op B R AMEAT [ BTl 3
ZEWTIE 2 IEAE 22 42 AR R S BRI
B A B AR A AR GCHE MBS AR BT DS A
IR A2 AT QR R BT B IR T 22 A PPN 4 b
TRZR it — 0 R AT 5 1) 12 %0 DF i 48 b 47 0
e MR L GBS R UL, i T P 3 22 W



838 M S B IR

GEOLOGICAL BULLETIN OF CHINA

2022 4

KIHARALAR /IS, 12 i i 2 4 B H AR RCE I R
ANAT L S RS L DA 35255 500 PR Ok 5 5
LA TR IRA T LM R (£ 1) .

ASC E AT A IR e AR I A A ok
F A 54 Sl 4R (2001—2018) )7 8
A AR FOL B A R B E AR
Tl AR (2002—2019) ) BRe™ 7 9 1 & 3k 1
R ANZE SR IR E AR B UN Comtrade B35,
WE AN IO A EZ G R, i E 8 5T )
AR R B P E E IR ) B A E T
PRI Y A I DSOR) H e BSE ok F (Crb L
FEREIRAR R P 0 E B Ry (BIR) B o [E K
TR A (EEE) Bl ok B S E MR A R
TSN EVEORD [ 52 R 1A BEFE 4 (W GT) 2k [ i
FHAT(Word Bank) 77 |
1.2 MRAE
1.2.1 #3649 TOPSIS i

TOPSIS 75 Hwang 350§ & —Fh A
BT R 2 HAR SR 3 M ik, o REA R/ F8 b
2/ BRSSO RS R B TR R
BEREAD JUT R X E AR S AT Ay b
F TR IR 255 % 20 . 1E500) TOPSIS L 7F
FEARNEE AAf 2 bt T 30 e & W, HE T RR G
BT AT AT HE P A5 A IR B 58 4 I 45 i
PN I R L TER o ST I, A SCR AT AHP A+
B MRS A 0 4 A WBOE B E Fe bR A, 255 32

NILIRASCHY SR (R I 22 , FF X PEM X 4 5 1F | 1 BRAE
H RS A AT Tk, PR AP ERAT

(1) FebrtrifEfbab

SRS PR 6 A it AN [R) X PE A 45 SR G 5
Wi, SR P 22 3 186 47 0 1 4 Ak AL B | 75 21 48 b b o
TRl B X,

(2) HENEITE

B\, A AHP %45 B PEA 5 b5 09 AL,
WH W, =(W, ,Wy,...,W,)

YR 32 F AR A5 2P 18 B 09 % A B,
R Wy, =(Wy Wy, , W) o

R, T8 T A OV A I ABOE ™ 4R I/ ME B
VY R R O VY S A | K T A Y o
HIFRIFHPAS B H e A8 A HGEE , AT .

_ Wy
PR W Wy
j=1

(3) JIASCERLE Ak ) i B T £ AR i o
G ARV AGE 56 bR bs ME AL B, A8 AR
WALHRE v=(V,),, =(WX]),, RSB
S KAE RN/ MA, 53 5045 FHATE by TF BHEAE A 70 67 35LAR
@,&%j N
Vi=imaxV, [i=1,2,..,m{ ={ V], V,, ..., V|

(1)

J

Vo ={minV, [i=1,2,.,mf =1V, VL,V

B R A R A 5%, A 25 B o T PR — k% (3)
1 ST HRBERFREEMIERER
Table 1 Economic security evaluation index system of iron ore resources
Hir)2 — AR R ARbR it Na =Y Ja

iR LL X, L/RINVEY 7V E N s +
PR A HWEEHE X, ARG AR i - AR A TR A +
? IR X, [ N A S0 40 i/ thE AN S 400™ 0 fifh i +
vt TR X, B i D i R 2 I RT I B AR (B IX) 9 i 2 A R B -
o AMKAEIE X, BRI 1 -

% i W R o
s MBI R X, CHAESE OB — BARSE D4) 7 BARSE FL 4 -
. WABHIR X, S Chtt FRDRIRIE 100 0 7 5 53 .
B AR X, CHAEH T A A — BRI A A ) / B AR b B A 5 A +

s R R e )

PR MDBCR FH % X, 5 AT 2/ KL R +

T BRI S B2 AR bR v 1 B T S 0 i et 2 A AT s SR SO R AR B 35955 1 T R A o A Bk Tl PR B Bk

R AURURE A o 2



B4 s

IR 5345 - P [ Bk BEIR 2R T 22 2 PFA 5 T 839

(4) BRICHE RS 5
I3RS VRN X G 2 IE | 5 BRAR A ) R
—;PEE D,+ \DT :

D=W
D:W (i=1,2,..,m) (5)

(5) ARSI 3 B Ay AR
RIS 5 IEHAE R R R C,, Rk
W IR B e W B, =R
_ D
C"_D7+D,,‘ (6)
K. C e 0, 1], HAEBOKR RIS i 2R 5%
IR A KT By, U SR GOEAIG ; e 2 2 42K
P, U AR
122 BEFREAEER
SR F R R R YR 4R P 2 4 R R R T
IR EERARL AN .

(1=1,2,...,m) (4)

S.W.
a; = nl L % 100% (7)
IR
A, ZoR 5 (AR5 j WURIR BRI, S, 3R
INER i ATER AR L PR E S R R 22 (R 1 -
X)), W, FRATE,
T — G AR 0% TR 28 T 22 4 1 s i
B, AR
Aij = z a; (8)
1.2.3 GM(1,1)-BP A48R
GM(1,1) JR A0 FH IR i 34 5k FER FRT A, P o £
S8R S E T E R A A €N R E S RN 1
(ELAL B S PR3 KB s, TR R R A, A
PR GM(1,1) BIRITAS B, S IR R S5
A B 0 2R BP M2 % GM(1,1) #6
R A% 2= dE AT B O, M TR 2B IEW
GM(1,1)-BP HAHA, HUELIRIT .
VOB IR B R 5] (X (k) k=1,2,...n) 1R
B2 GM(1,1) BEEL SR 78 SC U 9 (3% X
(k) k=1,2,...n) K JEEE T 51 5 B0 S 1y 51 A4
Wk , oK H 5% 22 P A1)
£ (k)= X () ~X () (9)
Fay gt —~ = )2 BP 2 W 4%, R TR 3l X

U5 R 22 Y S BB S I B AR B B 5 AR —A>
WL AT — AR KIS A, 15 ) BP 2K

A
RABIESS SR 22 7 5 LR e (k) , 2B B R e 2
TSR -

X“')(k)=X/<\“)(k) +e<A">(1<) (10)
1.2.4 FTEEFBRX»HFE
S AT AR KR W 3 B DL A IR
J7 AR BE IR 28 T & A IR R 4yl 5 AN
H(FK2),

2GR

2.1 HHREBEZFLRETEM

JECUR RO A o A Ak B 485 S L3 30 MR IE AHP
B SMAGE IR 25505 (1) A3 B AR PR AR
BER (K 4, Hb EUWNEGHERES T EHR
BT SR IR 5 3 ) = AR B A B @ LA
b S BT Y TR A2 U A A T KR T K
LA L F R 1 ~9 BRI R — 2 AT
FEPR AR X S B AT RN T . R R R A 20
fy W ml 18 fy B BRI 45 2 vh B gk SRR 4 U
LARVEH bR EMALE
211 BAIRNLE RIS

WA (2) ~(6) , 4563 4, M) 2001—
2018 4F rf [B &k ™ W% IR &8 9% U A LR A VE I 45 R
(El1),

H & 1 AT, 2001—2018 4F H [ 2k % IR 40 0%
B AT I R B ISR I T AR A, Jr B
BOFR :2001—2005 4F Bk B 5 28 UF 22 4 I 3 2 DA
0.6175 M2 0.4212, Tl & A5 5 (0 10 AR
T | AR A I AR A X — B PN
BRI & G, R 1 T oK AR W, AR
BRI K, 2006—2014 4 8RB B2 IR 28 U5 42 4
VT BEE T 0.2548~0.4209 Z [a] | HEA b 45 (0 1

F2 WMEERISIRE

Table 2 Classification standard of early warning level

WL C TARE T A4
[0,0.2] N AN Nk
(0.2,0.4] BORE 4 0 T
(0.4,0.6] W e 4 O TR
(0.6,0.8] gy W T
(0.8,1.0] G4 S SERTE




840 H B IR

GEOLOGICAL BULLETIN OF CHINA

2022 4

£33 2001—2018 EFEHT TRELFREIFMISIRIREN

Table 3 Standardization of economic security evaluation index of iron ore resources in China from 2001 to 2018

Ay X X5 X Xy X X X5 Xy Xy

2001 1.0000 0.0807 1.0000 0.0000 1.0000 0.6574 0.3830 0.2127 1.0000
2002 0.8845 0.0845 0.6204 0.0716 0.9525 0.7397 0.3494 0.1631 0.7899
2003 0.7613 0.0885 0.6527 0.1337 0.9074 0.4237 0.3452 0.4302 0.8682
2004 0.6176 0.2571 0.0583 0.3710 0.7749 0.0000 0.4849 1.0000 0.6594
2005 0.4302 0.1550 0.1428 0.3578 0.7885 0.6003 0.4274 0.4436 0.5164
2006 0.2687 0.2586 0.1747 0.3851 0.7992 0.7055 0.4171 0.6119 0.3691
2007 0.2082 0.1783 0.5798 0.4672 0.7832 0.3787 0.4655 0.2310 0.2648
2008 0.1790 0.2218 0.6157 0.4449 0.6541 0.2431 0.5891 0.9178 0.2348
2009 0.1235 0.3594 0.5282 0.4931 0.4442 1.0000 0.7171 0.2434 0.2302
2010 0.0839 1.0000 0.0000 0.6320 0.5181 0.1937 0.8213 0.3160 0.1831
2011 0.0152 0.2969 0.4117 0.8803 0.4916 0.4609 1.0000 0.2185 0.1483
2012 0.0179 0.4560 0.4442 0.9187 0.4383 0.8428 0.8904 0.2670 0.0643
2013 0.0000 0.3660 0.4177 1.0000 0.4545 0.6680 0.8172 0.0893 0.0036
2014 0.0050 0.6040 0.1192 0.6486 0.2166 0.8515 0.5991 0.0939 0.0214
2015 0.0218 0.1927 0.2546 0.2815 0.1362 0.9860 0.1438 0.0822 0.0000
2016 0.0307 0.0000 0.4494 0.3592 0.0464 0.7205 0.1863 0.0475 0.0452
2017 0.0329 0.2020 0.4205 0.3199 0.0000 0.4737 0.0857 0.0000 0.4236
2018 0.1417 0.1479 0.2006 0.2627 0.1486 0.6820 0.0000 0.0626 0.5616
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Table 4 Index weight calculation results
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Fig. 1 Trend chart of comprehensive evaluation of economic security

of iron ore resources in China from 2001 to 2018
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Fig. 2 Trend chart of first—level indicator evaluation of iron ore resources in China from 2001 to 2018
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Table 5 Obstacle degree of main obstacle factors for
second—level indicators of economic security of iron
ore resources in China from 2001 to 2018

%

Eitai Jhe
1 2 3 4 5
2001 Xg(32.40) X,(30.36) X,(20.22) X,(12.38) X, (4.64)
2002 Xg(27.24) X,(23.92) X,(14.25) X,(10.33) X,(7.92)
2003 X,(24.49) X,(19.08) X,(14.25) X,(11.78) X,(10.69)
2004 X3(19.46) X,(19.22) X,(18.16) X,(10.60) X,(10.56)
2005 X,(21.36) X,(17.26) X,(14.16) X;(13.98) X,(11.84)
2006 X,(27.02) X,(15.21) X,(14.92) X;(13.26) X(9.73)
2007 X,(26.42) X,(17.41) X,(16.01) X,(14.93) X,(6.10)
2008 X,(31.76) X,(19.33) X,(16.40) X,(7.16) X,(6.54)
2009 X,(30.08) X,(17.62) X,(17.25) X,(11.97) X,(7.04)
2010 X,(31.72) X,(18.47) X,(16.07) X;(15.06) X,(6.23)
2011 X,(32.21) X,(18.19) X,(17.35) X,(12.53) X,(8.37)
2012 X,(33.48) X,(20.82) X,(16.96) X,(10.10) X,(8.24)
2013 X,(31.23) X,(20.31) X,(19.30) X,(10.78) X,(7.91)
2014 X,(29.10) X,(18.69) X,(17.99) X;(11.21) X,(8.43)
2015 X,(25.33) X,(16.90) X,(16.13) X,(11.39) X,(8.40)
2016 X,(24.73) X,(16.49) X,(15.90) X,(13.90) X;(8.95)
2017 X,(25.97) X,(18.23) X,(11.67) X,(10.11) X;(9.88)
2018 X,(24.15) X,(17.90) X,(13.06) X,(9.79) X,(8.05)
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Fig. 3 The first—level indicator obstacle degree of economic

security of iron ore resources in China from 2001 to 2018
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Table 6 Comparison of prediction results between GM (1,1) model and GM(1,1) -BP combination model
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Table 7 Early warning results of economic security of iron

ore resources in China from 2020 to 2025
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