, 2019, 34(4): 867-880 http://www.jnr.ac.cn
Journal of Natural Resources DOI: 10.31497/zrzyxb.20190415

B ERET X Z Ei%E SIS ERN

FEW,REE KR
(1. R ERl 2 B M BRI AT T BT , DX T 542 & Jr S i SE 6%, LAt 1001015
2. P ERLABER2E  JE R 100049)

PR KRR X 51 K™ 5 A4+ 2 FIIREE ) 8, A3 BB 2 R A2 k. 5
TG LL A SR 55 A Ry SR A TR DX 52 RFSE AN, 25 JECR B ITTRA X, A AR ZE S R R A IX R4 5 &
RN, NERAIR BRI AR 1 &, 43 A v R IRE LI X B A S AT Ife (4 -2 205 IKUR: , TR
WIS SRR TTRA X 25 AR K AR . 5 SRR B v BRI X T AR Pl 18 3 60000 km?, H:
53 2 SR R b B 11 1 R 43 34 21 4500 km?® T 26000 km?, #5 5 A 17135 2000 J7 22
A, o L PG A LU AR PR A SR ABRET R DX 5 M o 7™ T 5 D XSRS A, v [ R s X A T
BRI EEE  RAAERE S5 T 00K 2R B S0, E— 2 A S A T ES [RRTE
AT LRFITORE X 53 Ry B 38 I 2 JR A iRt o 36 80 Re €=l sh 78 SRR S A | R AR i
RS MR TS AR R

KR SRIGITIA X 5 23 (B0 e s ZE AR B 5 H )

BEBAE Ry B E R, H RS AT R R AW S . ARE (P ES
THFESE) BEAAE =10 M 1990 4 (1) 10.8012 t £ 2013 4F B 4%3L 4012 t, RAF LG =g
TR, AEAE R EBEIR A P A 7 B AR AR 70% L 1 (2016 4F- 4 69.6% ) 5 BRI AEREVR
T 2 i e B B T 70%, R4S [ 2012 453K H IR EE AR, (B et 9k 7E 60%
DI (20164F°4 62.0%) . HFH ERE R DI R FR A, 249 58 B E 10 96% ., Z4F
A 3 TSR B0 BRI 14 SR 25 X ORI T AR A b e TR, 1T LBt o o A R 2T R
UG X T AR — 25 K

R FA R AU T3 B PR ER . AR . LRIt 32 10 DA S A FE 5%, fiff
R RTCKIE R AN, R AT T AR, SRAETCREA BT 1 B0 7™ B 4k 2 R A )
SRR MERS T AR EEEW, 2015453 H, ZE5sm BER7E P & 01 2B e Atk
F R AR, — 2 B IR P PR ARG X R AR B AR TG XER . 20174 6 H AT 12
A, SR04 A (LS8 FIVT A SR X 88 T e U 7 SR DR B e, IF
R DGR EREBER A EBRFE R L RZ M, FTEgKE L, JFHELKE AR R4
AR, SRR IR BRAA 23R40 8, B Ras e (R B EiS %A Pk
JRUTRA X2 55 T AR, X T4 [E SR DT DX A AR 10 352 i i Pl 46 it 2 4 1 25 LR TA
W, RITELIE 2R gt . AR B B R it

WimBEHEE: 2018-04-25; f&ITHE: 2018-08-11

EEHH: FFARRFEETHE (41701128, 41671166); HERAEE AMEHH (KFZD-SW-314)

TEE®N: G (1984- ), 5, INVEEWA, T4, BhRERsT oL, BFSE)5 I h G0 e 5 XUR g
E-mail: lijm@igsnrr.ac.cn

BWEE: sK3CE (1966- ), 55, WENIFANEREA, Fid, #5010, WF5E07 X a5 9 IR AU T 4 A

E-mail: zhangwz@igsnrr.ac.cn



868 H % % | % i 34

SRMETCRA DA BAR L AL S DR AR A5G . 20 A 80 AFRACHIIY,  TURA DR BRI
FERNRSS T DA A =i, 20 208 80 AR T Iy, —LE2=F TR AR G RIBETTRA
DAYt RANZE SR BRI, QX RIS, T R R EE R, AR
SRl P PEESEDIE X R R Kb 2 BB T BAY, St DU KR BEAYEOR
W B, RAFE XTI X LA R BEOR | A B S 5 PR AL AR S5 A T T
FH, BAREE MR A A7 3. 20004FLUG ,  T0FE XA BT it i AR S i 18
S, MEIRIEEFDEXREIF ORI ARBUK BIDIRA X, Sl DI AR . a2
FRIIRETT A AR, X R AR [ N AMICRA X AR B R AT IR, A b TR DX B
PR . A TF AN BHORE, RS, VIR XIGHEE HARE
LAMURT A A = 1E 8, EBBE . SRS SRR B AR . P,
X R SRR DXHEA T 2R R 73, AR 2528 DX B 2 [ FIE A, T B0

(EE: H AT LR DX B 1 B FARFRAE 0 i 0 28R A, MELL L 235 R B
Fo WFIEE X A X A BRI OR L A RS A X Eal, F2EIE T
WA WHRAAE . BERMAPROAE . N BAETS, LIAREZR N ERN D RIER
JEAIER, (HREAABHER TG X G SR BNG L 5 HIE XA D . b, 25 LE
AL AT RIR A, — e TR R DG TR DA I AR oA 8] AR A ) 25 23 Tie B e
AR TR, ARG AR R BB AU AN 18 R T K A5 e BB T B R, T TR X 95
o —E R A RIE I A A, FUR AT BT SR [ SE B S 451 X
TR, AR IR R Z X r SRR URE X AR SR B HR L 2 22 5 RS MR 1) 4 1T AT o

ARSCERERA BGER S5 A A A PR SRR S 5, 3 R AEICRE X
BV Jm) S EAT S B WU BEA T 70, I INZRE 3 IR £ B DL DX A T 2 830 o
ARV AN ] DX BR A  1) FTER A, D RH OGBS B9l 2 S Rk 274K s

1 B9 5 ik SRR

P8R EEAFEWIRZE . (1) A 2013 R4 MR K RS BT SR (2)
HVE T [ Bl 27 B RIS BB G ot (http:/www.resde.cn) i1 2010 44 & A 145 [H]
3 A2 B DS S R b R PR R S g s, DL e R TR R s . Hrh, 2
A WA A 45 7 R 26 /N MR FHZE RS, iy T 93 G T T RE X B 1™ 2E i 52
W, ANFEE X Bk R R IS SR K, PRI X IR A T T A 01 (BRI R AT
i RIS A IR A R =S, IR AR DR BA i b Y 3 /N2, RISk
i AR T RS DL b i i e ()8, RASTOLIX . i, 3Ry, RA%EH
iDL R scimia g . AL SRR )

KA A B A 2S [0) 10 FEYa L, AN A A & AR S 1 kmx T ke A% B5080
AT DLid 3 BUE & o B il LB B SRR s i N Bk . i b A o (EAS U RA 1Y)
SERW XU SR XTSRRI R . B, MR AERIR S A BT R M E R 16 O
T, A RS ECRAEL, AR ARAS RV AT 04 DX IR R T I e TR B T R AR s
BT RETE AT RS AE f5 s Hk, WiRiirid, s EER IR 96% K I T2, XAt
KIS T I — AR A X, JE R R BE TR I T L9 23 i
AR DIRG, B RAL S0 A O R WAR KRR B L ST iUihe , ke DX Fl— 25



4 P HP R IEDTRE D2 [ o 5 3 B 869

RTEEF TR, IR PG AR KRR EE B 1 B Bl 1 UL A AR AR
B DXy S TRl L

2 R AR DA Jm S T XU

BUE 2013 4R, 1 EC BRI AT X AR T 60000 km®, W 274104 (T, A
BIX), Xy X FEAENIEERGE . Wi, 00| MR IAEX L, Hodr, g, B
a. s, mEE L RS
B 0 B SR A A 11 DX S5, 1 LA
K, #5000 km?, HoA Il
PO X AR K, T 10000
km®, HEA BT HALEE A H X
TR 2T 40000 km?, 25
4 [E AR R AT AT X TH R
60% (1. E2).

21 MBEXEBEHS EZIZAM
SEE RS T

X R AN A [H] 43 A 5
W% dER I TSN AT, 45
AR E ] RE H BRI X
B 2 Hi% A 4500 km? /2
fi, RUBGERIS5 S #ix

AR L TR Y X R 50% I
(48.62%) 4 b 2 R g ik BT R AR RS (6] 34 S A

Fig. 1 The spatial distribution of mineral rights in China
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Fig. 2 The areas of mineral rights of each province in China
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Fig. 3 The areas of mining and construction land overlaying in China
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Fig. 4 The areas of mining and cultivated land overlaying in China
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Table 1 Population in coal-mine subsidence in China
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ITiES 233 329 239 337
T4 171 209 176 214
LA 143 176 147 181
Py MK 135 169 139 173
Mok 126 157 129 161
BHE 95 133 97 136
ULTH 69 89 71 91
K 47 82 49 84
UNES) 63 82 65 84
NS AIRIX 45 76 46 78
EiNI 44 58 46 60
LA 46 58 47 59
WA 42 56 43 57
IV AR IX 39 49 40 50
R 37 47 38 48
PN 34 45 34 46
MWK 25 32 26 33
fijElvey 12 18 13 19
HNE 12 18 13 18
fizeee) 6 10 6 10
R R AR X 4 8 4 8
TEIARX 5 8 5 8
HEE 3 4 3 4
| #74i) 0 1 0 1
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Fig. 5 Analysis framework of comprehensive management for coal-mine subsidence
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Fig. 6 Natural and economic conditions of coal-mine subsidence in China
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Table 2 The orientation of management of coal-mine subsidence in China
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Fig. 7 Social and economic risks of coal-mine subsidence in China
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Table 3 Classification systems of coal-mine subsidence in China
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Spatial distribution and governance of coal-mine
subsidence in China

LI Jia-ming', YU Jian-hui', ZHANG Wen-zhong'*
(1. Key Laboratory of Regional Sustainable Development Modeling, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China; 2. College of Resources and Environment,
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Coal has been China's dominant indigenous source of energy. Although the
proportion of coal consumption in total (primary) energy consumption decreased steadily in
recent years, China is still the world's largest coal producer and has been exporting substantial
amounts of the energy. Due to a long history of underground coal mining, many more
undermined areas have subsided than most people can imagine. Large coal- mine subsidence
has resulted in serious structural damage to buildings, roads, irrigation ditches, underground
utilities and pipelines. Besides, the consequences of ground subsidence generally consist of
serious environment impact and livelihoods issues of residents. All these has drawn a lot of
attention from scholars and government leaders. However, it still fails to figure out the whole
picture of coal-mine subsidence and its consequences in China. The research has employed a
unique dataset of mineral rights for coal in China to investigate spatial distribution of
subsidence at present and foreseeable future. The damage to cities and farmland and the size of
population involved in the subsidence areas has also been estimated through the comprehensive
analysis of land use map and population and subsidence distribution. The results highlight the
difference of potential losses of coal-mine subsidence between areas in China. For example,
subsidence has significant influence on urban development in eastern China; while farmland in
rural areas suffers relatively great loss in the western mountainous areas. Even so, it is not
enough to answer how to govern and mitigate subsidence of those large coal-mines in China.
Because governance modes and methods depend on not only characteristics of spatial
distribution and potential losses but also natural conditions and the level of economic
development. According to characteristics of potential losses, natural conditions and economic
development, we further define six kinds of subsidence and figure out their governance
directions and major works in China. The results are shown in the following: (1) The area of
potential coal-mine subsidence is more than 60000 km® in China. There are 4500 km’ of the
urban-rural construction land and 26000 km® of farmland in these subsiding areas. There are
around 20 million residents involved in the subsidence. (2) According to climatic conditions
and social and economic development levels, coal- mine subsidences fall into four types of
areas with different governance directions in China: Focusing on eco- environmental
modification; household livelihood security; exploitation and utilization; migration and
relocation. (3) According to population and construction lands impacted and hydrogeological
environment, exploitation- oriented areas are further divided into three types: Some should
adapt to the changing environment; some should repair the infrastructures destroyed; some
should develop characteristic industries such as tourism to increase residents' income.
Keywords: coal-mine subsidence areas; spatial characteristics; governance; China



