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WX CHB SRS | A AR FOWREL . AW EA 5T S
RE5ABBEFHET, R8T i RSEE 1

VSRR — OB U AU A A A ek SRy 1 A, A5 B E N e
I zia e B S 2 WAL e Rty o2 /N BRRFES: (Minimal Cumula-
tive Resistance, MCR) #RY, %5 it b e A B0 i, FF R B R b 22 (] e /INFE 2% 1
PR R AR SRR, HIZ 7 e L) R AR P OGBS, A %P (Circuit Theo-
ry) T LR L R BEALIE AR, RS L RN, R BRI 50T
TS R TP RS, R T S0 A T RERR AR, HATA B A% RS
EADR VSIS K ab: S 1 D G w7 DR 5/ v/~ i R A 22 e € I B (S E G B e sy
Mo, IR ERT SRR, BT R IR IR T RO T Bl RN A A i A [
17, WAEE SR R A R ZUAE AL, TR BT A [ IS99 A 25 RR 18 S A8 A ) Bt b A %
DEARVIR T I A E VR, R IEA RIS E e, WS R L AES B R
BAEEE L,

ARSCEPEPGAL T R X BEIRARI T i T oA ], ST AR A R e, M
T ] DX AR 822 4 ) 28 (Rl AR Ge 28 T T AR SAE 5, (2 O [ 23 Rl RSB 2 A
PLEEAR . Z05 R0 2000 4F . 20054F , 2011 4F 2017 AFAZSBRIEFIOCHERT, BB B )
T%, NG HEHGE T A MBS | 0 BRI R nI L & iR Rk S 7%

1 W5k SR

1.1 R XER

g TS AR X hEs, SRSy A . RS AR AT,
RGO F E AR B2, TSI . s =X, 20184FH AN
56.11 T No JUIHDEATEIER R, M5 T 2 AW LRSS, RS5SRREZHT ARRY X
e, VHEERRER . 2. AR . BRI BT . b PEES, Dimdiae
AT 53 A o BT F g ) A6V H 2R LG A0 2 ek g ik, AT I 8 N T 5 T 0 T
20134 KT E /K, LTI AR 118 k' A o il KGR T 52005, 4E oK &
H 160 mm, ZAEFYZE KM 3256 mm. KIS S AR NESS, Dk, ZIE
RGTIETER B, KRV E, LHSEEfe . i S A paR fb™ 5, Ak,
MHLBOM R T — R0 IMER . B RIATDEAE, ARSI Frdlss . i 1) XA 2
G MGG R, W X T ST R b R . PSR 2 A
SRARI XSG AE AR, DA K ] BT R 38 VD bl B Sk X AR A S USRS a5 X9 e, R
73881 km? (K1),

Ly R N S AR DXRR R Y 21X, 2 13 X R R I P ™ b R 4 6]
R —, HA FE AR T IR ARG A . S TR TR DT A, R TR R A
NN A SR e — A s B R SR A A ), AR R AT AR o,
L3k a 55 SR ST 55 )R ) H MR R R A Rl Ge—iz 8 . SR BT, DA Ry
B34 (e BRI BESTA224Y) , &7 4k 1294~ . Hof R A - 1
167>, HET I 334~ /LTI 801, Krh Al Ll Lu )4 37.98% . I T4 IR0, JE
KGR RS HE S (K1), ey kb,
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1.2 RSB S BRI A 1 106°15E 106°40E 107°5E
WFFERE EEALHG . 20004 . 2005
AL 20114 2017 4F Pl Landasat TM/
OLLME B (G A L AR, 30 msy 40 o
PR s AR (DEM) il 55
(&1,
HFENVI 5.2 B ] U i o 1
PATHRSTER . RARIEAPHEBIAL 39735 N
M, IFRIBUE — e e A . TR AR
TR AE ORI IE K T R 5 B A GE
BB BRI IXELE, W 4R 2
RUBARHEATIEAE, K A I B2 43 3910 ITION
FRHE . R FEON . MR B
K B (G E I . RAS
SRR Tk M, 2, #8 KRR 106°15 106°40°F 107°5E
YifdEt37) . Hptbhs (IEHA Fvb B BEEE X% - R
) MR 2R (K1), Fig. 1 Study area and its land use
x1 BIEEBRKRIE
Table 1 Data sources and description
Ky KA 1] Bk e G 3
Landsat 5 TMIE/R#ME  20004E8 1 | 30m, =ik USGS (T4
20054E7 5T 5% https://earthexplorer.usgs.gov/)
20114E6 A
Landsat 8 OLIIR/EGEAR  20174F8 H
e Zed| 20194FE3 A H124% Google Earth
A TS B 20004F, 20054F, AR rP R B BRI PR ARG s
20114F, 20174F (http://www.resdc.cn)
B R 20104F 30 m IS ) s
WFFEIX 0 A FSvii FE R S s . IS AR IX R EUM

13 RERWTHASLERBE IV AibERiEE
1.3.1 WFgeHELR

AR SCHE B PRI T BB X A BB S AL |, SRR e R ek R i
SGETY HHESBRE, B2 E S RRGEEE AR, f—i XERBEL
Bl /N, BRI, 78GR T b DA B X AE S e 4, A4 h )
S E SRR AE S TR TR B SO REHE T L, AL AR 2SRRI R A S R = 1] ) i
W, BN S TG IR THE S RGN 1M, R A S0 B 11 43 18] ) 24 4
[, IR A A2 At S B v I A S BRI AS ) AR B S TR T30, $ T % X3
He S AR RVE T s T8 M AR 2546 52 A I8 22 HE R P A 25 R T S SR A 38
Wr, PRSCRIAEE RS2 it Jey i B SR S, LA RO A A 25 R T 1A MR T M ) B 4R
Fs [RIEHRF BT RIG VR it AR s D) B TR R A SRR T (B12) o A 7
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S/ B (AT b
| e ) e
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RS Tt
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PRERAE S AADLAS 21 A Fi 3 0 P
SRR, BRI/ MUY
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1.3.2 i?‘&/},ﬁﬂﬂiﬁ‘_ﬁﬁl Fig. 2 Framework of ecological security pattern for
*E EFE E]: ?_E X El ?.jﬁ B2 i% ;{j( M , ii ;J:% + /l\ resources-based cities in Northwest China
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1.3.3 FLBH Im A B A AR T T

eI, SO G A R R R E A G, S ) Bl e A 45 W
Perpiz gz 2| W BHAS R EECY . A A vz b F ARSI R, AR b
ARG 4 it A S R G e, SR ARy SRR BH D R R, 2% 2 g g™
MBS, KA IX 45 A 2B B s BEAE I R 1~200: ARHBSA 1, WM S5, NN
10, HEHN 20, BEHSH 30, KN 50, HABMHZE )y 100, A 200, [F— 1 i F]
i T Y AR 22 5, B BHAGRE EE AN A, AR 10— bR 948 %k (Normal-
ized Difference Vegetation Index, NDVI) . i & #% T 2840 (Temperature Vegetation
Dryness Index, TVDI) ., AiFE/KFEH Z%EL (Impervious surface area, ISA). DEM =%
PXFRHIEH TEIE X (D). & (2) 1.

TR I i PR E i P (G fdpkchl . Bt . BEON . JB M. B, K
WAL ) B TEIE . % 83 m AR 25 T s s R N AS 52 ), X ik
FH Hb RN B 15 1 R B DEM AR TIEIE o I3 —fbAi Bl 48 B e T A Bl 7 S5 R4
E— B PR LR T AR IR IR T R ARt n 3K o B i, (AR, 3R
IR 3 B A S XTI T R, 8 Tl KRl T 5500%, F¥7Ek
LK TROKE, MK & R A AR KA E BRI . Rde$; TVDIFI ND VIR
e d i F L F BB A TIEIE o AN B /K R IHIHR B ISA AR TT AN KPR IT b7 L, figdak
PGSR, NS KIS EUE E gt R [ (3) 1o A a7 AE +
AL B A
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R=CfxR, (1)
K. R AWM ; CF MEIEREL, W TVDI. NDVI. ISAMDEM#AN, 5
s /{1l
Cf=1/2f+1/2DEM (2)
K RBIERT, HEARXWT:
= 1-(1-=TVDI)x NDVI 4 R 3AFdi5% FH b (3)
154 MiohHE R F s
K. TVDI. NDVI. ISA. DEM¥NARIEALALEREE L, BUEYERI N (0, 1);  f PIUEYE
Bl (0, 1); Cf 1EIE RBBUETLE A (0, 1),
B ARE I (Linkage Mapper) T HAE ArcGIS 1024 b 4R IS #2855 HAE 2%
RH 7 S /N JBRAE . s SR - A TR RE Ty T b A MG OT B e Y b I ASURE 2 5
(Cost Weighted Distance, CWD), QIHMAGFE IR ; T8 AR SRR IE AL 7] fe/NFE 2
& (Least Cost Path, LCP); ft)i, BB MW R (AR SCE#WMEE 25508 o 5000) A%
JERE
1.3.4 BEfG s U 5185 59
B A s, 7 R ] X 4 i shBH B R X3 . A SR B G s v T 2017 4 4E
B R BERS A, 1B R BE R B 4R e VR 1] (0 v . I B R o i R
12, GRS SR (Barrier Mapper) T H MU RAS . RIS 200 R0 . 242
/NTF 200 mAt, FRAFERFSCRAEUN; KT 200 m B S0 BEAAE, RIRA SCOR R 2
FEWRE 200 mo G ITR I B O F 5 i i/ ME TR IE B Z 22ALCD S5 R R DL
{8 (ALCD/D, BPHKEEE) SRFAEFER SRR G B SR LR, Ffs
SUB S TS ) T R R R . RSN SIE . 5 R BRI =, A
BB g, AR 23 (] 404 i 2 18 2w
PR AU 7 WU R AE B B RIAE T, T M R GeE B N i R ) 4K
A, il R AR AR BRI TR ) O RV T SRORWHEE , B . k. mIBE TR
i PIILLARGEE W R0t SRRty Bir, B E CH R E N —REE
X, B2 OCHHE S 1 2017 AR A BRI I B O B IX, 2000-2017 4571 2% (1) BRI 1 & R
“GBEEIX,

2 ZERr

2.1 AFiEMITN

ARBE W EARENEESRGNE, REENXBAESREMS AT b1
BT R VR A E R A, R TR e TR S, K ) R TR R R
i, REZENSANE L L2 TR 4 N VTSRIR 2 B SRR XA 0 X b 3 A R
T, RVEERIR T AR IR IXGRE IX, 2 PG SRIR 20T A AR PR XA X 1Y) Hi A 2
B s YR S SR ST PO A ARG XA X, Hi AR K I A R B RE Y F i A AE
Y, AR CREEMT 2Rk (E13),

T kb 2~ kb 5 A4 THI AR AE 2000-2017 4F [B] JCAR b, s Hb 1457 5 Pl 9 b 2 Tl T 457 2 A% Ak
e (K3), ST 2013 4F A& KIE AL, 2017 AR 1 AR A . PO A A A5 5 Hb
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a. 20004 b. 20054 c. 20114F d. 20174F N

3 2000-2017 SRS X AR 25 5 i 0 Hi BHL A0 A

Fig. 3 Ecological sources and resistance in the study area from 2000 to 2017

ST FR R R - 2000 4F 621.79 km?, 2005 4F 622.16 km?, 2011 4F 605.89 km?®, 2017 4E
662.17 km?,
2.2 ABEHETH

WG IN, AN TR 0T ER 0 118 A 25 3 o v A AR e AR B e (I’ 4, &5) . 2000-
20174F, 7 5 fe/NRE TR AR MK B 120,74 km BEHNE] 125.71 k. JIACEE 2% 5 HE 25
692.58 km 3 /% 1162.28 km, Ui WU MA@ PRIR G AE 25 o UM 1 EARAE K, S5 UEHL S
AR CWDAS /Ny HAJERTE CWD 3 ka3 BRI A AR M 2000 4F 1 225.92 km?* 45 /)N
F]20174F19 162.25 km?,

a. 20004 b. 20054 c. 20114 d. 20174F N

S
—ICP

RS
—LCP

RS
—LCP

—LCP

JEg 1 P 3 JRS T L3 JRS T R 3 JRS T L 3

3.69 4.24 4.71 322 0 20km
n . u o S

0 0 0 0

K4 2000-2017 -5 ] /AR B A2 5 JRR I P I
Fig. 4 LCP between ecological sources from 2000 to 2017

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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i 1 Barrier Mapper T-H 48 51| g 3(5)2

2
&umriﬁﬁﬁumh,aﬁﬁirg

3
0 20004F @ 20054F W 20114F W 20174F

200
16.06 km*, A7 FJREE [ A FEAS A, 150

124k, SEFL14.09 km?, ZALTHE R 100
=

FEXHHERAIE T (1516), 50

RS E AN BN O 0 lae los 203 205 3ot 303
BRI A e . B (22 Vsl
HEERRG) LA i 5 2000-2017 45 o JER 38 A IVASCRE B 5
*/D\ 5 1@ /E 3‘é %’% )\J—i E'\ E */D\ E/‘J 53.32% Fig. 5 CWD of corridors between ecological sources
(%2). El6c 5K 6f MikbREfT AL T from 2000 to 2017
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Fig. 6 Some details of corridors and barriers

(€)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

R

http://www.cnki.net



14 TIRTE % SRR T T RGMEE A 2 o8 At 169

FHHL B T Ao Gl Rk
FERIEShAT e, BB X 5 5 ) 75 K
KoM LT AR B E, aER
P Y58 b [ 328 3 1
24 EBRERBE S RIEE R
PILRGEE AR . sE e
B HAR, #ibeBEwK, %
BRI =452 (B17), BE
KN —HBEE X, &6 T 2017
AR JERIE T A A L, B RS RERIR
PEm IR R, Y H AU
BB R IX AL, WA 14.09 km',
T AU M R B LB TR I
MY Ty HLRSEEE, T2
2017 4RI b ] 7 45 AR SRR IE A A
IR AU R A= A8 5 TR, UB LSE
BRYGE, SCPXBERZ S, WM
REMEER, —HBEX @S
156.95 km?, 80.83% Ay £ M\ I B 1 ,
125.00% AEEE ML (F2), T
PAB S X N AE N A B 45 b () S il
HEATHT IR S B AT . T A
PR BB, AT R T AR T
. 2000-2017 4[] 7 2% 19 A= 25 8k i
PR A BB A S, BA
P& = SO PR T, TR =2
BAIX, MEA A 304.82 km®, &R
G UR R T A R L R v BT R BT R
B A IX 8k, 2017 45 AR A1 ) 195 Ak i
R T =B X HN

3 ZhgHihe

3.1 it
ARSCNGIEAE T T R R

®2 BEXBASZHEEX LA RRBEEM LR
Table 2 Land use type ratio of key points and
secondary restoration area (%)
AR I [LZBS 9 “gBEEIX
s 0 4.28
piza: 0 1.98
LN 6.86 44.23
LS 8.37 36.60
7K 4.84 1.60
B 2.31 5.95
HAbsA 24.30 0.36
AR 53.32 5.00

. REEX
BRI
. = BEEX

7 BEIR RN AR A2 A SRy 5 0 B 5 R
Fig. 7 Ecological security pattern and important level of
restoration priority of the resource-based city

A, BT VRO AR A% A, R R S U S T T
AR FOCHE S, AT 2000-2017 47 A 2SRRI K2 A Ak FRAF B U5 30 1 1 9 el AR
IHR AR SER B RS, BFRESS T

(1) 2000-20174F, 7 4cie/NETRBEAR BB 120.74 km 3G HNE] 125.71 km; MAGE
A PEE M 692.58 km B HNF] 1162.28 km, 2000-20174F, W TSHEMIIE R, Hil S5
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U5 M 5 W) e /NFE 2R B AR AR . INAGRE 2R B B0/ s Pl T LR BRE B8 AR b T T b T AR
TR 5K, INAGRE TR g RIS S, R BT U R B R AR

(2) BERG S FR TR H X DAz s BH R R X, R0 el A 14 40, ST AR
16.06 km’; 2017 4F R AR R FRaAs it 1240, SRR 14.09 km?®, 18 0 HIHb R
Geie g K .

(3) DARGEE XM . SEs MR R B bR, FF2000-2017 43551 H 14 PO A A=
BEGEAOCH T B B E X, BN 475.86 km’, LB ERE, —HBEKX
RICHE R, AU 14.09 km?; TBE X R 2017 FAERIEIE, AN 156.95 km?; =%
B3 X 2 2000-2017 4T R TS TEAE SR IE , T AN 304.82 k',

3.2 g

TERGE IR IERL B, A BT 2000-20054F . 2005-20114EF12011-2017 4E=
AB BRI T S H R A PR R (1 8) o JBRAE T4 2 DX 3 T P 5 2 BHL 7 (-
AR ARSG N, YR N SERRE (i 4 R 2R A  JRR A AR A e
Bl Tl SH LG SRR Tk S8, AR A G S S OB (e T R i A

HoAH% = (2000-20054 42 i iE)20054F b
J o (2000-2005Eigig%i)zooogimﬁ
5 (2005-201 T4F 4 i )20 1 14F H2%
* j“_ L @ (2005-201 14F 1 2% R 1E ) 2005431545
m (2011-201 74F51 2R JER 1) 201 74F- b2
s ﬁ_ B (2011-201 74EJH 2 BRIE)201 14 2%
L2 i
{%}‘}\ *
T ﬁ
Hi -
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A TSR B km?

K18 IR BEH R AR 25 3t ) S B i F
Fig. 8 Area of different land use types in lost corridors
TEGEIR BT o, R AR 25 2 A Joy RS v A 2B 250 R 3 A [R] 9 A A B 2 TR
AESRTE X XA A 2 e AR/ o LR C 2T TR 28 A M A S B 2 T
&, EAERTKIGR TP IXER (B 6b), UL S PUS A LRI DCORIBKGE LA™ X 22 [ 9 A 25 5 i 46
(El6g) o WAEBLABE RIGILAN [, 258 KBRS Z iR, e SLlimgE TR,
FMARGNE R MEFGIRB . FIHB I ks o R PETHERE ARG DIRE,  FFAH B KA U4
FIARE D BES THT R A AR, AR AT R | ST skALHAD F AR A= X
W, $RTFDEEEAR A RO . BEFE XV R b, 75 BEAT B XGRS LABT 1703
AR IX B A A BRI
GER I D TR AN A 2B S HAT R o AR LT R 3% Sl IR A= AR 5T 14 7]
i, — RIS BRI ARG IR 2 4. SRR XA 2522 A BT T
GBI A S Z M Sh A8, FF B A T R 5 BE ML 2B 52 T )8 22 18] (4 B oK
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Construction of ecological security pattern for systematic restoration
of industrial and mining land in resource-based cities

WANG Hui-hui', LI Han-ting', XIE Miao-miao"?, XU Meng', LI Shao-ling', BAI Zhong-ke'*
(1. School of Land Science and Technology, China University of Geosciences, Beijing 100083, China;
2. Land Consolidation and Rehabilitation Center, Ministry of Natural Resources, Beijing 100035, China)

Abstract: The systematic restoration of industrial and mining land for resource-based cities is a
critical method to achieve sustainable development. It is necessary to integrate ecological
restoration of industrial and mining land in the construction of regional ecological security
pattern as whole. Based on the ecological security pattern and circuit theory, this study
identified the key points and ecological corridors in 2000, 2005, 2011 and 2017 in Wubhai, Inner
Mongolia Autonomous Region, a typical resourced- based city, and established the important
level of restoration priority. The results show that: (1) From 2000 to 2017, the increase of
industrial and mining land area and urban expansion on corridor paths led to a decline in the
quality and changes in the location of the ecological corridors. The total length of the seven
minimum cost paths increased from 120.74 km to 125.71 km; the total of cost weighted
distance increased from 692.58 km to 1162.28 km. (2) 14 barriers are identified in 2017 with a
total area of 16.06 km’, including 12 key points with a total area of 14.09 km’. (3) The
restoration area is the identified ecological corridors from 2000 to 2017 and the key points in
2017, which were divided into important level of restoration priority, with a total area of 475.86
km’. Based on the paradigm of regional ecological security pattern, the study coordinates the
ecological restoration of industrial and mining land, making it an organic whole for the
restoration of territorial space, and providing decision- making reference for the sustainable
development of resource-based cities.

Keywords: resource-based city; ecological security pattern; systematic restoration; ecological

corridor; circuit theory



