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1.1 HRXH#ER

Ik (B 1) R SR LA
B, MTPRAITINARE, AT EARME, PRl
A7 29.7%, K1 45%, 7Y 25.3%. by
AN R s AR PGP A R IR T
D5 R R GRER i% JR 30 o3 A A K Ve A A 1A
WEEH, BB K. HEl OB =% 5 kI, 23
AR, HARE B BRI EE . B
BIEMATIHR S Harh, MEE MR 120 km®, %k
B IE SRR 600 km?, EEAFZEUEIHIAR 497 km®, 55"
PRSP 1217 km®, A7 SR 66.9%. 45T
W DU Bk o . 2001 SEFTME R Y
39.4x10° 7T, AT AT RSN 61.2%. B
YA IEANE 3308 %K, ML A B 9.5x10° A, 77
PHEIT R A Sz 7 R S I SR
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Fig.1 Administrative districts of study area

1.2 BUERBESMRAZE
1.2.1 %R RIR

SEMAE M3k 7 MR FH AR ) 32 B R R AT LAY
HELFILE: 1) Al iEE DL S LR, K
P R BT, ) AN E, mIEA
P, R, BURSE: 3) ARMEIRT, 1
TG, I, B, RN, DR R R R
Firs s, T S (RSB ol LA S A DCEH T 15
P, ASCHTIRCAE IR 45 1996 4. 2005 A1 2009
E R R SRR, 11 THBRL. BTIX .
B, BEWE. KR, ATHEEB. R A A
MR 1996—2009 Fit L i S EL.
1.2.2  3H) R 435

CLUE-S /& DA Bt 4 26t 55 T I R
(1) I AR 7R

1) WS EcE B Zdis A2 B 1996 4F. 2005 4F
12009 4 - MR FH K AL L AAS B WETTIX R
S 4 T Tk 3 SR RN S b R AR AT 1 b R B
BAREW A, JFEEE 1R 2 ko A A
T . AEULIERY b, ARWFTOR R A
Kg — KW R H RS KDY (GB
/T21010-2007) HEAT L IREE, Jf25A0F9T H 1A
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Koy 5 2 HARREBOC BN IR L. e H
H, AFLEFHE AR . FEER A, AZiliE
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2) AR AWK, EREHT
HREADLIE R 1) 2% (0] 43 7% 26 AR 500 mx500 m (1)K /)
FHh, 22EL 50 m A KB AR s R 4 R,
DURAT e 2 M AR I 25 )4 & . &5 R 7R, CLUE-S
PSR T2 T IS AT I B i 20 HE R A 200 mo [,
AHIF TSR f 25 ) R Ky 200 mo
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1) R 25 A28 AT o JE 2% (8] 43 #r ik
FHE S ) Markov BRI GM (1, 1) AR (4717
TR 2T 2020 53k e S & R 28

R R, 1E E%EHH:, St EtEatt, AP
PRI S50 R AR A 2 A4 e 75 Hh 28 R R ok

2) L A A A R . A B SPSS AR A4y
*ﬁif@.ﬂﬂﬁ%ﬁ KA Logistic [FIIH7FE,

() A7 A 2 110 b R FH 75 SR B0 4 R E 2 K

J& A ] 23 A2
[ 73 M B R 2 k]

N3 BE BRI STIX
7025 i) E AR B 52 B 3t A AR A 1 28

?l: [1,10-11,26]

2 HIEALIE

2.1 Rz HEFiFEE

TSI AN R E R, E AR
b A AR A6 BK A R ER A AT RE A S R AR
PEANFRSE AR, U2 AR 2SR BE I 55 1K L3
e A FEHE CLUE-S AN 1~k EW
A A AR A IR S F RIS R RS20, gk A
M3k T BRI AR R IR S 3R AR IE R T 28 MK
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Table 1 Selection of driving factors in land use change

[EVEWIEE='S

Regression QEZJJ.T:%% L}BZJ]T T}Eﬁﬁj .
equation variable Code of driving force Driving factor Factor description

sclgro.fil S0 + 0 R FH 2 6 53 X /hm ST E e Al

sclgrl fil S1 TR 43 X Y R P AR A T Y hm 2 FEIR AR EUR

sclgr2.* S2 INEEFT PN TS A% AT BUX K S e vt

sclgr3.* S3 NSl ON(ONT) DL S BATBUX Hg i 4eit

sclgrd.* S4 [H R 255 7 18/10% 6 DL 2 ATBUX S gevt

sclgrs.* S5 P R/(10%4F) L AT BUX A B it

sclgré.* S6 B R/(10°4F) DL 2 AT BUX g i ge vt

sclgr7.* S7 VN TN PN A% AT BUX Ky FLA S

sclgr8.* S8 WP /% L% AT BUX Ky A S

sclgr9.* S9 V= o R B A 7= P /% L% AT BUX Ky AT S
sclgrl0.* S10 IR AN YN IR R YN R TA A% AT BUX K S e vt
sclgrll.* Si1 HRAT =/t A& AT BUX Ky S e vt
sclgrl2.fil S12 PR AT i B AU B AT —AMG TG O B BT 1 i B AU Y
sclgrl3.fil S13 P A ) LR B/ ST —AMG TG RO BT 1) g L Y
sclgrl4.fil S14 BETH B E/m R AME T OB AR 1 T R
sclgrl5.fil S15 PR % PE 2/m AR MG T I P BE s () Bk R
sclgrl6.fil S16 P = BT IR B9/m A AN ITIR b B S50 ) 2 BRI B
sclgrl7.fil S17 PR A2 TEO0 P E S /m SRR AMG TR OB R 1 T
sclgrl8.fil S18 P T HR O R B/m S AR AMG I O BF AR 0T PR X B 4
sclgrl9.fil S19 P AR A3 B B 9 /m SRR AMR I RO B SR AT R AR A T8 4 B
sclgr20.* S20 AT WU ((mol-mL™)

sclgi21.* s21 + A /(mol- mL )

sclgr22.* S22 - AT /(mol-mL )
sclgr23.fil S23 RE/(°)
sclgr24.fil S24 FFE/m -

sclgr25.# S25 AT 3 P R /mm A S AT BX A S 48 v
sclgr26.* S26 PR C A% AT BUX Ky S e vt
sclgr27.* S27 R 55 /%%

T #RRIKEN R T Hgihs, fRRER .

Note: # represents the code of driving forces, *represents year.

2.2 Z[EIRFNIETF Logistic [B])I#E1E
Logistic [HI=152 A H A2 mt 50 o ) — x,
CLUE-S #i%jz | —{H Logistic & T
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1 45— 2 X B4 5576 H L0 B
ML ]R8 4 M2 DL LR 0 KD
(2N
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P
log {ﬁ} =p + :lel,i + ﬂZ‘xZ,i +..t ﬂmxm,i (D

Kb, POy i SRR IR A NG T I
X1s X2o X HIRENR T B O [RIH DT R AR AR B AR
B oxis xp0 xS WBF § HE E A

Logistic [1] 545 R 1) 45 % v LAK ] Pontius
RGP £ 1 f ROC ( relative operating
characteristics) J71EVFHr. ROC Mgk & —FhvFAT
U 56 [F] VAR R 8 SR A 07, T8, 4 ROC
>0.7 I, w] LAk P 36 B A B ) PR HL A L 1)
fERERE ). 47 ROC<<0.5 I, W] LLIA A IRZE) A -1
XTI H R WA R RE ), AN FEHEE T ROC K 56 {H
Wk 2 Pis.

%2 CLUE-S #22 ROC #3018
Table 2 Test value of relative operating characteristics(ROC)
for CLUE-S model

DIeIE L AN G S SR ARy € PR T 5 3R 5
[i] 1725 ROC % fH febrfk & ROC K% fH
R . ROC test value ROC test value of driving
egressor variable - .
of driving factor factor system without
system mining related factors
AFH b
Unused land 0.79 0.79
Bt
Arable land 0.79 0.78
T
i 0.89 0.87
Construction land
el AR
Forest land 0.67 0.65
THH s
Mining land 0-94 091

Logistic [H] 145 A 560 K W BT (1) 28 N IK5)
DR 7 AT DL 2 Bt o R - M ) FH 23 ) A A s o, T
WA 2 23 ¥ H ) ROC 5 %3 71 4 0.94 Al 0.89,
LS PSR 5 L P ) S RS e T e
25 [A) % JE) 10 2 A 1 DU AR R D322, ROC {HAX N
0.67. H A& HZ) ROC B KT 0.7, HiHH%
Hin 2 PR B 2 0 A1 BE 0% B¢ v A b 43 TiE - R T 28
PR 1 = = T /AN N ) P R = e
ROC, WiZk 2 o, SR IRSIN 75, BT
A HLE ROC fR 5 AR, FoAth 4 #ZE f1) ROC
A FTBEAG, mrAnE . BRI R ik A
0 B Ml = {38 RO 3 T - MR gk A
FH 488 B A5 A SR = 26 T 58 m o I N I b A 5%
DK A IR 7~ 1 55 3K 20 DA 5~ 4 2206 - i A1) AR 46 1 52
Wiy, e T R AR A T R B, e
T T T 4 A
2.3 CLUE-S #REELS

DL 1996 41 | Hb ) FH M A% s 1 o 5 3 4k
P, 2009 4F 1 - Hb R MRS B8 A A B ) 75 Sk
Hidi . Widiz4T CLUE-S B, Jf5 2009 4E5E R
) F B 347 5% #E . 32 B Kappa $8 206} CLUE-S

MR 25 Ik AT e A, DAVP B 1 R
Je i ARBY
Po _Pc
Kappa = PP (2)

R, Po N IEMRCL ELBl; Pe R BENLAG T 34
IR s Pp by 3R IO IE AR
(R EC A5 o A HEL I E AL 38 5434,y Al 2 45 345
K] 84.9%, HTLA Pp=0.849. Wiotx ik« ittt 5 Fp
TR, AR BEA LB LIR L 1 1IE A L
B Pc=1/5, FAL SRR 1 IEAAAU L) Pp=1.
HH TR Y Kappa 6200 0.81 (>0.6) , BAURR
L33

2009 EFINE (& 2b) #2009 4 -+ b )
TR CB 2a) a5 22 I 40 32 B0 PR A6 AR 7 nl 1)
KSR B, ik, BEELX Y
FE 2 MM GE B AR AP AT T2 22 (] 200 o FidL
Ji DA A R 52 B R BF I8 AR SR RN AH OC AR S AR
BUR M) 52 M o By 5T 2 R 4E B kb Ak ~F- 34 3% 5 7
40°~60°11 L X, 3L I oy J A1 KA T R
v, LRE, Ao EZ, REUKLRKTE,
MPEIE T M0 3 A~ % CED B I AE SIS
&, 2005 4F ik 2 i i B BUN A
KER, AT @G AESKHERA, K ik
B, AT 3G 0 T ol DX ) ARt T AR o AR A 1 e T Y
M5k, 2005—2009 IR, #E LU AL I BUR
Ji DRl SOPK Hb K T AR 3 I, 2 CLUE-S A58 Fit i)
() 5 B4R 2= T 4E . CLUE-S A58 & 43 K5 s fi He mp
DA e 35 505K R AT BT 51 35000 — i b 28 1 58 4R 1
ek b . Hide H & T Loespec#.fil (#83K 1+
Hiu R 2R 2 o o AR Al g ) A B X
B AR /N A A A [0, 1], JLr,
BUEE R AR 3 5 #2820 1 ROk,
2N, R AEE 45 I 3 N CLUS-S # AL
HATEIE.

3 FERE5SH

3.1 EEENNTTEE S

TR A IR B ) e — DN EIRI ARG, A
QU S 20 5 G e 71 D o s v D R s
ZIIREN R 1, B AN AR AR RO R .
TINE IR BRI 2 2 5 R 3= P B A O ) O
T, MRS 2 R RPY, A
HIF U FETUAR 73 B A ) B 4 0] 110 1 2 e ) 8
¥ 28 N IK BN K 71 CANOCO4.5 A b AT TU 4R
3H1 (RDA, redundancy analysis) . 5% 77 % [
K7 >10 (1) 13 MRS 7, FRE) 15 UK
N5 Z K - <10, LMW XCRAHE, [
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- M pi [ Legend
Land use type Land use type . E E

< Hi iy <) P WLIET4Y Error pa
= L/‘J‘n‘fljstﬂdl%nd Arable land L éﬂ‘]l:ljsjéli gnd Arable land IS .

i i b iy o 8 b bk bl fi i3 {57 Overlapping part
B Coiruction land 0 Forest land - onstruction land Forest land

LI Al L H
W Miing nd W Nining Q70 142 213 Rdkm

a. LHUORIHBLR

a. Current land use map

b. A
b. Predicted Land use map

c. DR BERNTRI P 1R 2 7

c. Error part between current and predicted map

B2 20094 348 Ik L5 AL A TR 2t b B
Fig.2 Comparison between current and predicted land use map in 2009

0.4

526
=== LHUFIH#S% Land use type $20
- R ¥ GD
| — SahJHF Forcing factor -
— WLY Dy _
A S
>
< \-e— e T
< S8
a
[~
06 I I I . | L L

-1.0

RDA AXIS 2

. YLD PEMH; GO T Hi; GDABMHE; ISYDAE B WLYDAARFIHM: SO~S27 4% YRkE) K 1A
Note: YLD is forest land; GK is mining land; GD is cultivated land; JSYD is construction land; WLYD is unused land; S0-S27 indicates the code of driving factor).

B3 LxA AR 545 E T4 TASH (RDA) %R
Fig.3 RDA(redundancy analysis) result of landscape distribution and driving factors

Bl 3 Rz AR IR B R A2 2 () AH G
P, SN, R TERAT o R S H A S R
L 14 3K B0 PR 7~ 93 ol T B 8% 52 B1)0% b 2 11 ZE K O 2k
by DABERE A B M2 S0 i S A A I B BRUE,
WA TSk N IEAE DG, JIE N FUAH G . RDA HEfF
SERGOR T AR E B2 7 ' (S6)
FEABIEE (S17)  H /=R E (S8) Z5IKZ)
RF5gmy; B AR 2 22 2 N TR (S2)
TEEHHT (S20) VIR (S26) SRR FEM

oM g AR b A I R B R
(S4) . FETTHOMEE S (S18) + LR~ [
A M) (S9) . FETHEHE (S14) %%
FRAESEIR s [el bR 3= 252 PR EE 2 (S16) | 4F
FEr i (S25) « ke (S24) ZRIREHA 15m, R
I R ) o () AR A 32 52 R e I R PR B (S12) Al
T HUR T Ih e/ X (S0) BRI F- 50 (& 3) .

SV TLAR A M T BAUE B B ik Bk s IR T B A
U ARIL R OGRS T 2RI 5 IR ) PR - 2 ()
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IR R ZR, AEIFASRERA E SR B PR 756 - - R
AL DTHREE,  SOAR SCE— 20 R R 7 e i
53 AT 508 ) DR 756 L AR FH AR A4 5 R R ) o R
AT ALY, 7R IER AR & IKEh TR R R
SIS o ST ZE TRV RS 15 AN IR R
SELVIN DR o AL S5 IE L ARCGIS Bl LR 5
315 ANMFERT, XERE BRI T T, $REE S A
T (R 505 22 DTk 36 >85%) JEAT 40 it (3
3, W15 REGERE IR 4 TR,

x3 T RATHENETFHETHKE
Table 3 Variance contribution of land use driving factors
R TT ZE TR

ERF TR Cumulative variance
Main factor Variance contribution/% PR
contribution /%
Ay 45.603 45.603
Ay 17.868 63.471
A 10.248 73.719
Ay 7.649 81.368
As 4.585 85.953

ﬂ:. A]’\“A5 j'gjil&f’?%a
Note: A;~As represents sequence number of main factor.

F4 THFATLENDEFES REFER

Table 4 Component score coefficient matrix of land use driving factors

[EVEPIEESS

Regression equation Wzl T i LﬂZZJJ r a a az ay as
variable Code of driving factor Driving factor
sclgr0.fil SO TR FH T BE 43 X 0.877  -0.133 0.052 -0.158 -0.061
sclgr2.* S2 UNEEES 0878  -0.517 -0.078 -0.104 0.018
sclgrd.® S4 ESIENEZ0 S YRS 0.433 0.975 -0.023 0.246 0.118
sclgr6.* S6 Bty 0227  -0.054 0.899 -0.164 -0.047
sclgr8.* S8 NSV ] 0.431 0.12 0.855 0.109 -0.356
sclgr9.® S9 W= e B R A= B~ E s 0.159 0.879 0.189 -0.163 -0.019
sclgrl2.fil S12 BRACAT R RS 0464  -0.074 0.052 0.876 -0.005
sclgrl4.fil S14 PR BE 25 0.665 0.016 0.244 0.858 -0.343
sclgrl6.fil S16 I SIS MW ) -0.031  -0.108 -0.011 0.131 0.959
sclgrl7.fil S17 iR SN 3 ) 0.862 0.494 0.399 -0.186 0.016
sclgrl8.fil S18 BE T HR L I B 0.422 0.575 -0.901 0.443 -0.053
sclgr20.* $20 T IEE LT 0.846  -0.176 -0.361 0.006 0.079
sclgr24.fil S24 Y 0.213 0.848 -0.058 0.018 0.494
sclgr25.* S25 Wi 0.835 0.104 0.203 -0.522 -0.271
sclgr26.* S26 Hio9s -0.859 0236 0.535 -0.168 0.247

: a~as N ER TR T R
Note: a;~as represents component score coefficient of main factor.

TER 1 J7 ZE vT R A 115 70 R BCEA 4y
AR 15 AR T LA TEM TTBRE, e
KB DR A1 AR AP R g i RE FE 255 DTk

F=H— (3

Krf, FHGRETREE; i WERTIFS; 4 050

ANEWFHEZTTRE; o BE i DERTFHE A
RE SRR, EERT 3 AMEERE T, B
BN BRI RS AL 0.59; HUURFE T BEEY 0.44; R
Ji B S BB BTMR S N 031 PR 5 0 I P 0 o ik
Sy SLUOREE T BE B R JE R SRR 2. G K N
T AR AR IR B AR, I E B A I R T
bR i B SRR, S SO T M 1 i R
B A7 Jy g8 1) AT T AC M LR i B A, Bk, R A
FH 25 0] 52 B RIFREE B o A HUTORI S R0
- Hu R AR AR sk 2 AR B A2, 439 4% 0.37 F10.31,
RO+ 3 i AR TR Bk =, 2 A fE I

SR R AR DX, T K 0 bR 3 A A R A
40°~60° W PGB X 4. e 2 Mg, F K
FE T BEIRIG TR W 9% ARG 28 — =k sh 4
R B Al vz, WEEE, Wl
DR 74 7 et - AR A A A X B B

TUAR I MR 7o B 65 R WoR s IE IS 1 15 A
ISR A B ARS LR O R, S e )
FHASAG I 25 DR, 6k = OB FH AR A 52 10 11 D ik
L
3.2 ARIFBERARMNER
3.2.1 ARVR & ikt

AR E P9 4 CLUE-S #7045 5607 2 %01 (1)
WEFCRCR, gl A M3k iy e 7 b M FH AR L
AR T122835381 33t 3 b iR AR AL AR S A A
& FESEbREAET, AR 507 S50 - 2l it
WHE CLUE-S AR IRAN [] 2 DX 3k 10 20 1) A7 g S HEAH
KK

CLUE-S #78 X ek % [A) A Jey IR IR R 40 A 2
I, LG IR R, BRIRE E X3 1) 1
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ISR ) HABSE I AR, G PRAIFE AR AR FH ) HoA
TR R AR s o — R AR BRI R 2%, B
AR S DX 3 23 - R R AR, i R X AL g
FEEAE AR X S X (1 5 X el R g

AR SR E 1996—2009 FEikZe i i
FIFAR A EATER I, 856 R SRR 55 A
B IR, PR 2T 2020 4 3R FH 2540 &
A R AR . A SIS Y AR & F T LA
FBRSISAE, g e L&, I 1+
HR RN 25 22055 R R RS AT T
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Fig.4 Simulated result of land use prediction under different scenario in 2020
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Scenario simulation of land use change in mining city based on
CLUE-S model

Zhang Dingxuan®?, Fu Meichen'™, Tao Jin*, Hu Lizhe®, Yang Xiaoli*
(1. Land Use and Technology Department, China University of Geosciences(Beijing), Beijing 100083, China,
2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The LUCC model is an important way to understand the process of land-use change, driving
mechanisms, dynamic changes, ecological effects, and environmental impact assessment. Studies of land use
models on land use prediction in mining cities are relatively rare. The CLUE-S model, as the representative of
experience-based statistical models, has high simulation accuracy and application value in land use change
prediction from spatial and temporal aspects. In this paper, the CLUE-S model was applied to land use change
simulation in Wu’an, a typical mining city relying on GIS technology. First, selecting the correct driving factors is
necessary to the accuracy of prediction map. 15 driving factors of land use were selected from 28 driving factors
according to RDA(redundancy analysis) and factor analysis. Using 15 driving factors not only reduces the
complexity of the problem, but also preserves simulation accuracy. In consideration of sustainable development,
the free market scenario is more suitable compared with the alternatives. The expansion trend of the free-market
mode is towards east and southeast, which conforms to the development planning of Wu’an city. Second, we set
the corresponding land use quantity change in 2020 under three development modes by a Markov model and GM
(1, 1) grey model, and then predicted the land use distribution map under a free market scenario, a cultivated land
protection scenario, and an ecological protection scenario. The result showed that forest land and construction
land increased under a free market scenario, reflecting the effects of economic development and environmental
protection.. In the cultivated land protection scenario, cultivated land distribution restricted the free expansion of
construction land. In the ecological security scenario, forestland grows obviously, and mining land reduces
sharply influenced by environmental policy. Comprehensive consideration of sustainable development in Wu'an
from the perspective of social, economic, ecological development and cultivated land protection, the free market
scenario is relatively reasonable, and the other two scenarios can be a supplement for regional land optimal
allocation. The results further verify that the CLUE-S model can simulate the future land use change of mining
cities under different scenarios. Meanwhile, a new method to predict future land use under different scenario using
the CLUE-S model can be applied in the implementation and management of land use planning, which can guide
the land use change in the implementation process with reference to different simulation results by adjusting the
land use objective and ultimately achieve the purpose of land use optimization.

Key words: land use, mining, models, CLUE-S model, scenario simulation, Wu'an city



