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T DULT4 USRI 50t , 2 1EAG 200045 5 2014 4F & Wik 4s NPP =K+
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KR BRGNS s OWA PR-A X5 AR A2 4k Jmy s BU I T

e . hRRES RSEIRS (Ecosystem Services, ES) 45 &4k 45 X Il 4R A i £
Gt DRBE DA A A AR T AR R IR TR 28 U i K n [l s AP H AR
B, R SECERTRRRI . AR REMGSMT LA, 51k —RINESHEERE, e
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ZI BRI R, Al hil & A S R GRS IFeF R, A A5 T IR AN ] A=
BRGNS K ER L )R, J& H ORI AR e e R AR i 8, A7
JINAF-3) (Ordered Weighted Averaging, OWA) J&—Ff Z2 fE N eI f H 5 GIS
FEME A CHIEV TR A R P 2 v o B bR, SR 4t T — AU R 1
AL P2 A2 28 R GE MR 55 Z AIAUET Y 7 kT

KT HIAN AR AC W2 B B s, J& i E AR b IX 2805 R R e S, LB I D2 K%
K ZR L g TR LA SRR B R 22 22 b, (] Bt 2 R v A R i AR S
W, BRI, IR B ZR A BN ok BRI A& AL, ol B G i T I A A 2 )
M, — I, R BRI B, BEEMER GRS IOk IR T
KIE, HIEINR TR R RK S, O, RiSAES RG M mEE = E T
153 N %7 12BN =<3 (1 v = T o LT P P W O S 72 P i B2 2P 7 S L1 T N
EHCE Y HESS . /K e . NPP DL IR R A OC A S R G55 AR FE AT 4, LIRS
XIS S R GRS 5E S HR, I AT OWA-GIS GBI U AE S R GRS
oA X, I DL o LAl A e/ R AR (Minimum Cumulative Resistance,
MCR) &L LB HE LR G ER R MR, VSIS X - R T A A SR
G PR IR S H

1 B9 5 ik SRR
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L ST FIL TR, AR PEES, #ukh 121°13'~122°16'E. 39°20'~40°
07N ZIH], Padiishity, BB 3881 km® (1), XX HIANRAT RS MEIX, HeA T
PERRAE, 2T HOE ARG Lo 1) VY R v RE, TR T i . b . P RS R A
SRR, A ZMER RGNS . LB T L s A, = R
B Tl IR, BRI T B st ik ks, = ChERRZ AR BSEE, MELT
WG BB Rrntl, FLBET ARSI ER D, ERRGRS LS
EMAER o EE R
1.2 ##ERIRS L2

ASCAE S A0 45 2000 4F 5 2014 4E () R30I . 4. NDVI, DEM, -+ K it
SOTERHE (R, Hio: (1) Wil MR %R A3 EGER (20004F: Landsat 7
ETM; 20144F: Landsat 8 OLI), AR SZAG0KT BT 45 G A FC X SCPRIG O0, 8 b A 2
IR Ay Sk . i BRH . BB . KR VEOKIRERR RN (2) BB
e A E RN, BAR TS B IS R 16 A sl S s H oK i 28 F
PIORANK PHFR S 5550 . (3) NDVIRIE T 3 EALZS iR = M5 MODIS13Q1 Fidia £4E 1)
16 KA (20004E1-12 A, 201445 1-12 ), (4) WF5E X DEM $58 46 J5 T Hi B2 ]
Bz o (5) 8RR R T 98 X5 X Rk 22 508 b0 9 1 100 7 5+ 358 0 dis 172
(HWSD) [+ HEsdE4E . (6) i F AL S 25 Bl K H 2001 4R A1 2015 4 (K%
MHRITHE%) .
1.3 ARF*E
1.3.1 BRGNS T4
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Fig. 1 Location of Wafangdian county in China
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Table 1 Data description
Hudiz BAERA BdRhDE  Bdmibs Htii
Landsat 1% &5 1% e 30m  RAHKIE. HEEx . WS https://www.usgs.gov
NDVI A 250 m  AURMEHARFAEE 230 m. BAREMIES  hitps:/www.nasa.gov
16 KA 232 A B . ArifEfL NDVIIE % 0~1
DEM s 30m B http://www.gscloud.cn
I Liei Jucs — R B 7S AR A RS 25080 (30 m) http://data.cma.cn
RS ET A% 30m — http://westdc.westgis.ac.cn
aRES 2N A E T IR S By — http://www.stats.dl.gov.cn

EYIHELARA B R GRS e R R A ik SR AR A IR 5520, AR SCIARTH +
RSB AR AR L AR 0L WP EAE S PEAG A - MR ST W Bk A e D (4
bro MICRFFCIEIIA . &= S {A-5 NDVIAFAE B 3% PSR, AR SO FIND VI
IS I G i R s [E1 A -3 S L =R VAT 2 A [ - | A = 0 N A (= 070 1
NDVIEIRE Lk . S A, S HE AR,

NDVI (1)
NDVI, =~ s

K PORE i MEITCAL T EC R . B RO AL = E (J5T-hm?+a); Pu, R
R AR E . B FMOl S E (J778); NDVIRS iMEIekbyNDVIL; NDVIL., At
ST X Bk . ORI B NDVEE . A, S0 B T BRIR 7K 37 5 R AE K SR8 Y 7
(B3 A 205 PR BT 7K S8R I o V7K R DX 3

P=
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(2) ERIHLE )

NPP J& PF 0 DX SlAE B A= 7 07 i 56 R 0 T 2848 b, 0 2 il s me 1 B 140 i 228 4 Wi
3 IR RN B IS ] AR R AR B T AR AR B R A LB R . AN SR FH R SO A5
PR CASA (Carnegie-Ames-Stanford Approach) FFIX) NPP 7M., 11BN

NPP(x, t)=APAR(x, t)x &(x, 1) (2)
AP APAR(x, o) t A Bt x Il A RO A4S (M m?-a™); e(x, o) W) ¢ A
BRI AL FPDERESEPRFI R (%)

(3) =K

ARSCRATInVEST LAY (v.3.3.3 i) A5 /K HR o InVEST R L /K - i e B
7 R X 12 I 152 0 LA SO ] - R IR AT RIS as [\ 22 5, 8 s Al AN ]
SO KR, THREAXT

_AET(v)

Y(x)=(l P ]xp(x) (3)

A Yo MG ITx AR K (mm) 3 AET(x) MAZICx A AR SZPRZE R (mm); P(x)
HJ xGoeab AR KR (mm)
(4) HHEfREF
TSR ORF A LSRR IR AE R S s R R Rz 2 . ARSCRAMBIE R 1Y
AR TR (RUSLE) KA R4, 1A AKITF .
A.=4,-4, (4)
X AN HIERFRE (tthm?-a'); A FRBELIERAE (t-hm?-a’); 4 N3EPR+1E
Wk E (t-hm?a'), 4,540 8 AT,
A,=R*xKxLS (5)
A =RxKxLSxCxP (6)
K. RAFEMRRMAF (MI mm-hm?-h'-a'); KRHHEEMEF (t-hm?-h-hm?-MJ"
‘mm’); LSHEMAHICH T, Hrb LAWK ET, SAYWERNT; ChEgiEsHET; P
R R P
1.3.2 HT OWA-GIS AR RGNS VLS I- I XAE AL
(1) OWA B35 B
AIF I (OWA) J&— s il I AU B N2 & 1) 2 HE NP SRR, 205 AR
PR A B RN THEY B X RANE PR LT 25 H AN R A UOF A B - F )
HIAR A, AR AT

OWA(x,.j):iw,.sij, (w0 1, Y rw=1,i=1,2,3, -, n,j=1,2,3, -, n) (7)
i=1

A Wbl (KRB IMAR) JERIASRGURSSIHE E)Z 5 5 3m 1% x, R PRI
THF SRR — D P, AR SORIE AR IEAL S 9 AR 28 R G55 S (E AT HE Y 5
wi kg sy BIREFPANE ;. n M EEREL, RIS RGEIRSS B .

(2) PSR XU AR -

@ K 2014 419 4D PPNFE bR (BRPURIAE S RGUMR ST ) SR Kb/ MA b fe 2
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0~1, FHEHPEIER/NEFHS
@ R BRSO ] AU 2R BT AL R A w7, ]I 25 T w SR IR
[ XU 54 2R K0 T AL TR AT

Wi:QRlM(é)_QRlM(%)9 i=1,2,3,:,n (8)
O (1) =1, a€(0,0) (9)
2
n ?(wi—l)
trade-off=1- %,Oﬁﬁade—oﬁrﬁl (10)

K Qe WG HNREL; i WOFEG P HE R oK RE (5, Juf
FOF oo, FARPLAEHHIEHE BRI 22 50 AL 22 AU BB S XU A AT trade-off
RIANTRLARS: BB T A, Fon AR AAE T, S HRFR K/ N A 1 S AR

OWA HAE T —A Fe /At FHAS [RI R 2 A IXURS: 2R BSOS 7K S R R R — ZR 51 R A5 U
TH. 7R F, PSR E T DIV Fr A D g5t JF ki & H R R AU
Fe RSO E T A AR A2 8L (0.0001, 0.1, 0.5, 1, 2, 10£110000) KiHEALF
BGE, Mo=1 0, SOPRCEES, JORE OISR IR, XS RECT AU R 1; 4
a< 1, PR CERRGMS) FEEME, AR, RHRREXHE RS
PERRSRMASEE ;s YHo> 1EF, PPNEIR CEBRGMRS) FEEMAR, AEA, Rk
B NS B PR AR AR B . QRT3 A o s AR I I 8 AR RS B S P A 1,
U S DR 22 80T AU 3 R I ARAFL O

@ ¥ OWA R T5 GIS &5 &, ARHEAS ] (1 YL 3 KU X F8 b 22 Z A T A AR A, 7551
TEMEZ.

@ NEBBEY TR XSS RGNS, BT EZ BIRT 20%1E R A R RBS 1
SRRSO X S TS KU S AR SE AP K AR It 45 650 (10)
WA (trade-off) i I MAERS RGP X . AR RGP BRI
INWE

ES

Ei:ESO (11)

b ESHIRSE A XN iR AR S R G 55 O TR AR s ES PR IX SR i T i 55 1) F-
M ES, BB N iR AR S R GRS BRI, 2 E>1E, ARt IP XN HA &
TR R RCR s AR E<UI, PLetfdr XN BRI RCRAR TR 58 XK
1.3.3 AL

AR AT AL B AECI B R Y RO A ) BRI —BER—JE BT B, ASCHAE TR
S AESBIEMAE S G X FH R S 2 et R (K2).

(1) AU PR A 25 R GUIR 55U sl B JG RN, FLSE BV AT R 1 X X
BAESHRREREEY, BRGNS mEXAEAE ARV ASKARRIHIX
S, PRLHAS SO MU= 25 2R G IR 5 AR P RS FIASLART B i e RO DL ST PR AP XA D A 25 M . [
M, T PR UE AR 25 U5 b 1 52 B 1k DL A 5 1E R B0 B S D RER, BRI pAY v AR A
1k LA H A RO /N BB o
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(2) WL : RARN B C

B B 3 2 A RS T

FHATEY, MCRESHRGE RN
U] F AL B AR ] 4

WEEEE, A |

i

e D

MCR =fmini:zm(Dij xR) (12)

j=n

K. MCR Jfe/NEHIIME; /A
Wi Ab B Ak N BRI SRR R
Gl S5 st FERY IEAH G PR AR DR
NP TR b j B8 S 2 H Y Hb i i R
B R ES sl 3 H kb i 1
EY 8

AR 2014 4 1 DU FP A= 25 R 58
AR 55 o BUEE,  LABUE] S A 7S
EX ) & (= SEace s 8 A T i O el 5]
TIA”, BV R GRS s 1 X B2 ERT AR RO
ﬁlji , Bﬂ jj {E@ /J\ 5 Fig. 2 Flow chart of the ecological security pattern

(3) WAEADERE : A EE XN A S TIEE . BRARMWEE, ST
T H 25 3 A 1) SR 2 BB 4, 35 B CIRCUITSCAPE %1437 31l e /)N B 20 K 42
ARAFTEAE A SR T (1) 25 (0] 43 A

(4) B WIX . HeT B VR B —BH v 7K P52 A e /s AR i 5 1 AR
FA ML AR IED,  LABH 7 BB A A IR A M B AR RE T A 25 R R X, FFAE ArcGIS H
SR X I EA T AT, SRR T G2 mp X s A AE ) i F b

2 ZERHr

2.1 EFRGREHTEE
2.1.1 BRGNS Wies /b

&3 42000 455 2014 45 L5 JE B L4y . NPP =Ko DL S 3 AR F5 1 45 R 43 A o
2000 4F 5 2014 4 NPP 4 4F i 0 3N 1.62 742 g CHI1.65 14l g C, BRI K.
PIAEGy NPP Y2 B AR b & . PRI IRA AR e, AHER 2014 4F ) @ IR(ESE R 43, 2000
AENPP 25 M A0 A B 3 5] . BYHLSS A3 5 NPP A S, (i DX LA VY B T e g o
F, BRSP4 LR 2000 4F TR ML LS A M 0.59 F5 T - hm?,
2014 4F G 2 3,14 J5 o6 -hm? (F62), Horp DIV g af e M 380RN &3] WP o p b s 2 4 4
URRESIARTEIA G o U5 I T P /K i A 0% S SR B2 PR FIZE HOE 0, B R S B0VE /& 7R
G, K3 TRl . P T I 23 [0S R . 2000 485 2014 48 7= K 545 [R] 43 A A% SR L
YA HIRAE Rk & 2000 4E 19 230.20 mm R FEZE 20144619 197.35 mm, [ g
i (14.28%) . 2000 4FF12014 4F 4 FEORFF - YIE 5351 61.46 t-hm” F1101.23 t-hm™,
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Fig. 3 Mapping of ecosystem services in 2000 and 2014
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K2 2000 FE52204FEEETRZERESFHKETHER

Table 2 Average values of ecosystem services in 2000 and 2014

BRGNS 2000 4E 20144F Ak AT %
EHHLLE/(JTI6 - hm?+a™) 0.59 3.14 2.55 43220
NPP/(g C-m>+a™) 412.42 423.05 10.63 2.68
;7K /mm 230.20 197.35 -32.85 -14.27
+ I/ (- hm? a7 61.46 101.23 39.77 64.71

H IR FFAS A A 2L T NPP, AR b X AR o 32, MEwiE s, IR
J1EGH; VU ERHLIX MR- 92, . AR SR A T, IR R AR R, +E
eSS . AR S, Pk LIS, WF5E X AE S RS IRS5 7K F-AE 2000-2014 43494
TS
2.1.2 FHRAEBRG MRS I % 25

X URN A S R GRS B A 2R AT a0t SRR . SRR (= b
PR T B IS ) X AR R A S R GEMR S5 M o AN S i e Ko/ ME PR AL 20 45
BRGNS AT EE WL, B HRIEFHILATI R THRBORE (E14), Hi
F NPP Il H R FF R, K EMEYHLA R/, YA ER K, mKER
Z, NPP I IEORKE BARME /D TR G K Tk B K R 55 e, IR dF
FINPP £ ik, BWHLLRE IR T ik . B[] LR, BRHb A 77K & F NPP 7 2000-
20144 [H) & R (=K mIdZ> 0.04, NPPIk/0.06), EH3LLA AN e 1w A 188 in
EASEA B (Y BE2S 0 L ORF5 43 51 15 hm0.012 F110.008) 5 % 4h NPP il ™ /K i 7F
2000-2010 4F- [ S BLIR AD 1 ka3 (NPP B/ 0.04, 7F=/K s/ 0.09), EWHLA AR
% (2000424 0.671, 2014424 0.672), TIELRFRAKFEEFAI R (20004724 0.009, 2014
A4 0.047) 5 B b i B WA 45 AR U £E 14 4F (8] KR HE (2000 4F 4 0.28, 2014 4% K
0.40), HoAth =Fffile 55 W] 2 A [RIRLBE (s Dk s, Hoh ke AR e IS, 144F N
F% 17 0.03, F%IE 4 8.89%., #&{AKF, NPP AIF=/K & AE =Fh b A FH2E R 2 280 i 2
Ry, TR AR, TR ORFFTE —Fh L b A AL EAR ShE AN 2
2.2 EF OWA-GIS LRI X E=IE
2.2.1 ANEMEFF IS X

PIBFGEIX 2014 452 S R G R SS ka1 7 AR SR XU Rk, R 154
MR ATPAGE (3). IR 3 IR AP AE S T 3 74 = T
OWA M ER RGNS IS IEZE (E5), ARES T IET OWA-GIS AN RGER S5 %5 [H
srAAREl, S L SR 2T, B IR 5 . I 3 RN 5 4 S A E S A A
b T 5 1RGS2 2 o034 5), (B EE 24 Tk FR0E I, 1 50 S~E st 7T AE S R
G55 e (EE R B H ORI, JCHORE St o FE 5 7, AR RGNRSS 23 [l 53 A1 B
ZSER, EEET TR, TR e S UEE S, HR 1SR 7 hR
— PRI E R RS BE, DR b ) P AR i 7 SRl (Rt SR U AR o A0 ) o
R, WIS 18N 57, ERRGEMRSES = B3GR RN M IEER A&
HERES,
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Fig. 4 Rose map of ecosystem services for each land use type in 2000 and 2014

®3 TRANKEERTHLFRESRT

Table 3 Order weights in different scenarios

it A 2 8o wi W, ws Wy

0.0001(a—0) 1.000 0.000 0.000 0.000
2 0.1 0.871 0.062 0.039 0.028
3 0.5 0.500 0.207 0.159 0.134
4 1 0.250 0.250 0.250 0.250
5 2 0.063 0.187 0.313 0.437
6 10 0.000 0.001 0.055 0.944
7 10000( ¢ — =) 0.000 0.000 0.000 1.000

R TNMAESRERS LAY X IE 6, ANFHE ST PRS- X 25 1) 531 22
SRFE, Bl SER 2B, a3 SR LT RIBER N E, WEamED
Hwete, MRS BIE ST, e X fita Taerd, Db ZRE0OpHb 1Lt R PG R O 2 16
WA X ELEER T 0 ARE S R X A sz R B E (B7). &
W e P 5 AR e SO AR A S D, Mib . REHb . BFHb DL K K801 o A= 25 b
DU 55 1 B 5 7 S A S b A8 e s/ D S B iy U™ BV 38, iR A= A FH HE
MIAE 2R 5 R FRFRRE A L] AH L LA 5, 18 5t 5 BA T B4 1 2 25 H b L
B, HrpbRH R 344.39 km®, (HEEADRTIX Y 44.62% . FHAEFE AR 2, BN
161.34 km®1152.09 km’, 5351 5 B IX 11 20.88% 11 19.68% o
2.2.2 A[FAESRCT ARAPRCE DL R A e AP IX i 4

MFAFR, TR XIS T, WRAESRSERS 206 ES RS RS
TRIPRCRARE TS (E>1D). Hrb, PSR SeR R EER3 (2.52); NPP{¢
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Fig. 5 The spatial distribution of ecosystem services based on ordered weighted averaging-graphical information system
(OWA-GIS) model under different scenarios.
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Fig. 6 Spatial distribution of priority conservation areas for ecosystem services under different scenarios
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Fig. 7 The land use composition of priority conservation areas under different scenarios

R4 BESEERSUAERPEORIPBRRAEE

Table 4 Protection efficiency and trade-off of priority conservation areas for ecosystem services

TR -

fist TS NPP KL R P
1 0.0001 0.48 1.36 0.68 2.95 0.00
2 0.1 1.04 1.26 0.80 2.75 0.17
3 0.5 2.52 0.54 1.65 0.66 0.63
4 1 245 0.58 1.70 0.67 1.00
5 2 1.11 1.52 1.18 1.82 0.68
6 10 0.51 1.66 0.44 2.06 0.07
7 1000 0.46 1.67 0.42 2.04 0.00

PR R E RN ST (1.67); POKBRIPRCRER AN 4 (1.70); LIERSFRIP
HORER ISR (2.95) . Frffissr, JANRS R REe=2) TR4REER
GulR S5 RIPCRAR B R R B i, PR RIS A i St R e (1.41)
TR RS, B R NSS4 OB R fa=1, BUGIE trade-off=1) . %1E 5
T, HESRGMSOFAEME, RASRGEMSE B AN, H5 1 5157
I A — P E S R G S5 ARG e AL AL, R RS /\/uﬂﬁ%zfﬁéﬂﬁﬂf‘ 1%
S, PRIHOASUE RE e/ IMEL O AR SR JE phy v BIIRAR YO - 1 5 5> 57 3>1i 57 21
36, RIERTS 54 ABARIGARIRAS SN, 157 5 AT B AU i‘%éﬁﬂ&%ﬂﬂiﬁmﬂﬁ
WM, UL, ZRE%BAS RIS RIBCR A RGNS B, A SCHRHU
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55 (A ESRGRS YRR E>L, B trade-off=0.68) T ML I- I X VE R BL DS
JE ARSI X
23 AXLRERFEHE
2.3.1 A

TR S PR XA a0 A, $REC 1 km? A_E (R BEBRAE A BC 5 0 17 AE 2505
(E18), H MM 564.92 km® (£5), HHFFRIXEIFIN 14.67%, AR N S9H,
O TEANRX, EARRRARIERER . FIRBEEEEIN A fitg)s, SEREE
LMK ) 2SR R A T — 2 s AL i, AR A VR b ) A A DA
F, HeXPEHS T 59.24%, Fih, BRIz, PIE BEELL R 35.02%, KL
R 7K FEFE HE AR, P A T RS o TR M B T A Y 5.60%

e 2SRRI A
0 30 km [ M Xiuft . 13472
| S | 35.55

I8 FL B A= 2 T M 5 s 7 R L 5 A 25 R 2 A AT

Fig. 8 Ecological source, potential corridor and the nuclear density analysis of ecological corridor importance in Wafangdian
2.3.2 AFJEE

FTF /N S BAVRRH AL, RBUH A S LA RO S BRI AR -1 (n S
VR b TLART oL B A0 ARt A5 83 S/ NI IS AR, VB R BU B I T 1A W 70 24 25
(FE8a), MKEEN642.62 km (F&5). PR b, W7E AL 25 058 b T SRR 152 ) i S R L
WAR S35, FEARAGEB IS HAE v F DX AU L DX bR AIR 1) 28 MR B i, v B i s U
A AT B, R REETE T I, WEIEE . BRI . Dl RA SR E S RGNS .
MRBH R AT, HRUR S T 454 AR b 2 [ (25 e % 3

TWEAE A S ARE S A AR RN 1 R A4, AR I Z (R AAAE— R IR O R, MUK
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Table 5 Components of ecological security pattern and land use composition

MR A AR HEAS AR G hIX
T A /km? L A51/% KB /km LA/ % T A /km? Hef51l/%
et 564.92 — 642.62 — 1145.53 —
b i 334.66 59.24 201.56 31.37 301.68 26.34
i 97.30 17.22 109.01 16.96 151.94 13.26
Ak 100.56 17.80 146.25 22.76 517.56 45.18
IR 12.08 2.14 29.33 4.56 26.43 231
K IR 19.56 3.46 92.58 14.41 143.87 12.56
I 0 0 63.30 9.85 0
A FH b 0 0 0 0 0

ARPaEm, HAp DIRACGRIESE h oA K e, AT REALE m A& ak . 2 85 20 A B ERAE
FLB7)E T r bR B A AE S R GRS T sh ) Hiok 2 F 2 mAE o
2.3.3 B IX A G AN )R

FRA By i osi 2 (e NHOE - S TR A SE RN s B A BNR A i i Z) /Y
GARNEDL, I I EAE 302 4k B 948 55, DRk ise e SRARSH {6 302 1 Sy BH T [
H, FELILHfE %M R ESZ X (E9). G AESZ WX AN 1145.53 km?,
A EE R 35.48% (£5), FEFOMA S EIENR M, LI g N T sipcb LK 53-1
FEty o AP XA S 2 E A S M, b IX g BRI EIX, AR
YA S TR A Z NG B2 () T B BRI o T XS AAE SR, A s T
B AT, R EAS AR I &0 B

LT AESZeET (F9), AREMERNZ#EETESRERS HZOX
B, N A AR, AR S A SR IO G o s ARSI N B
25 R GRS K- TR ), e A2 sh 1
Pery B R, DUBRIE S5 908 i R AP RSB U
XoF NZ T Bl 25 DX gk o 3 A0 2 38 A AR 1) — R T
GRS HAk, R BRI T R A
P AFAE A ORIE IR fli A2 28 R G 55 S
W, WG EN SR, A%EEH
Al LRt JERIEIERN PR, Rt
AR R TR ST | T 9 4 S it K ) T
B RTAT I, DAY S e — ) 21 PR 1) R 2%
X BA R FASERA SR NE, 2T
ERL R ATIEE, AR, RlEiEg X

1

WRIEFF R LLE, MasEERE, B h X R
WRNEEIET a2, O B B

Tk B R T RS 0 20km —yd

T L T R 5 AL
WO BRI SRS
%JJ:@LK X, ﬁi‘j\j 564.92 kn’, 5 éﬁi‘““ LG Fig. 9 The ecological security pattern of Wafangdian



34 BT 55 - ST RGNS 2 AU AR A2 A% SRk 559

1 14.67% ARG CELG T HHA AL BRI (2006-20204F) ) (fAiFREHL) - HuUFIH
WAETE R, R A A 2R 2K 1k v X AR Ok 528.87 km?, (& BL 55 b TR T AR Y
13.74%, SASIEMEEA DR —3; Ak, s Sodi A s BRI, SR e Ak
1B XA R BRI T 421X 374.60 km?®, i TR ALY 9.73%,  ZGAIR 2% i IX Rl i il
(1145.53 km*), W] WLAEES 3 X BRI X, 22 op X BEAE 70 70 7Rk N T & TR 3
S 7 RSB L s

3 ZhgHihe

3.1 i

ARSCHETFAL 2000 4 F1 2014 4F FL 55 I BLA A R R G iS5 i Skt 1, 51 A OWA
ZHENN PSRRI U] AR S R GRS LS/ X, I DA R SRR 5 X A S 2 2 h%
Jaro WFITEE R

(1) 2000-20144F, FLp)E T AER RG] S g AL B35, BR=kEsh, H
A S R GRS YA AR R R B ARG

(2) HT OWA-GISEUH 7 M ESRG MRS XA 5, e R4 eidr
XA 55,

(3) FLHHE T A S b S AR R 564.92 km?, 28 [A]40 A S AR AR 58 . TU R B 80
A ANEGE DK 642.62 km, Hrh—90ERIE 4 220.76 km, KILJERIE N 421.86 km, 2
RR AT 28 XA BH ) 4800 A 5 AR A% vh IX R TAI ARl 1145.53 km?, AR Sk Az 2505 1 A 57
X, PR HBS AR Y25 (RIS Ja ] A A5 A 296 sh i T4
3.2 T

2N SR AN [F X . AFPORE N ZE Bir 57K, Wik, RERT iR
TRFE M5 R OO H AR LTS SRAHVC ALY, J5T OWA 19 22 1 DU e SR A8 A3 1o 47 AN
HIARRA S, FAE T 2R 2 LA B PR sUR 85 A OCE M B E . an R DAGR A
Ak BbR, BIAnASCHE R 1 51557 (Bl 5a, Bl S5g), B et # o oh B, [HixX
P LN SR AT LIS A A 28 R G R S5 AN AT AR BARIR S5 IR 7Bk
AR IRV 55 3 3 A () AR S R G R 55 /KT 5 e & W -3 B AR ARG L, 01 557 3 R SR
PRI . ASOFRE T TMAESRGERS R E (K5, Ee6), LISERIEeE:.
Bt B YT A A S R GRS MR H bR, DUMEIEBEBCH A S f 4 X B 45 A5 25 U5 i
A0y e 1 e 1K

BT 2 AN AT G 0 R A R A — BRSO AR A 2RI B S . AR SC
S DL 2 R GRS AU w5 H O AE S IR, 51 OWA 221 I p S s
RUAE AR A A SR WG U v R B, ELARSR IR (BB 2 . 7 P AR T3 A I e
A FEE— 2D IR AR BGAUE o BEAN, AR SCERARIE AR 25 BRI A R R A T S B A T
i, ARBEERIATERE , 3555 1T A A0 a8 A0 A PEAR KRR 32 JHR 18 S B s ™, 7E L
FrlE e i IR =T, LA RS 5LV R BT RIE A FSFH AL
JERIE Ve B, 5 e BRI



560 H % % | 2% i 35%:

S 2 3Lk (References):

[1] ATALYE, TR, 2R e, 45 Jbntin A 25 %0 et Jay SO i g 4 Jil 5. A 245244k, 2009, 29(3): 1189-1204. [YU K J,
WANG S S, LI D H, et al. The function of ecological security patterns as an urban growth frame work in Beijing. Acta
Ecologica Sinica, 2009, 29(3): 1189-1204.]

(2] Wi E . s A B E R FE 55, TR E b, 2018, (12): 40-43. [GAO S C. Theories and methods of ecologi-
cal restoration of territorial space. China Land, 2018, (12): 40-43.]

(3] spadt, oI, XU 0F, S5, DXOUE 2522 A SRy by ae T 50 it i 5 J . M BT 52, 2017, 36(3): 407-419. [PENG J,
ZHAO H J, LIU Y X, et al. Research progress and prospect on regional ecological security pattern construction. Geo-
graphical Research, 2017, 36(3): 407-419.]

(4] TR, SEOCH. AR ASCIHILETT 19 L 2R G0 S AR SR IE . P E L4, 2019, (5): 29-31. [WANG W, JIAW T.
Land comprehensive renovation and ecological protection and restoration under the concept of ecological civilization.
China Land, 2019, (5): 29-31.]

[51 ki, 72400, W3, RS RIS AT 98 J7 1m0 Jig. o7 JTDAE 2527412, 2018, 29(1): 335-342. [YAO J, HE X Y,
CHEN W. The latest progress in ecosystem service flow research methods. Chinese Journal of Applied Ecology, 2018, 29
(1):335-342.]

(6] StKA", BRAITH, FMALF. 2T A A RGNS i iRl o B AR A 2 St MU A L. A 2241, 2018, 38(12): 4121-
4131. [JING Y C, CHEN L D, SUN R H. A theoretical research framework for ecological security pattern construction
based on ecosystem services supply and demand. Acta Ecologica Sinica, 2018, 38(12): 4121-4131.]

[7] A7, B0, S, b E B8 E S RGNS 5SS L eV EEIE R, ARAE, 2012, 34(5): 261-272.
[FUBJ, LYU Y H, GAO G Y. Major research progress on the ecosystem service and ecological safety of main terrestri-
al ecosystem in China. Chinese Journal of Nature, 2012, 34(5): 261-272.]

[8] FWgls, B—m, (AR, AB RGNS SERR S ARAE, 2012, 34(5): 273-298. [WANG X F, LYU Y H, FUBJ.
Ecosystem services and ecological security. Chinese Journal of Nature, 2012, 34(5): 273-298.]

[9] A/, Hhtdh, 32 He T DIRESY R —OCHE R " Al T A= A2 A Rl s DIRYITI A ). R 3k g, 2018,
37(12): 1663-1671. [WU J S, MA H K, PENG J. Improving urban ecological security pattern based on functional nodes-
key corridors: A case study of Shenzhen city. Progress in Geography, 2018, 37(12): 1663-1671.]

(10] R4, FESCE, XK, AF. ST A A 2e bt Jr i S Fpa i i A A5 s I A A LA A Js). JBERDESE, 2017, 36(3): 441-
452. [YANG T R, KUANG W H, LIU W D, et al. Optimizing the layout of eco-spatial structure in Guanzhong Urban
Agglomeration based on the ecological security pattern. Geographical Research, 2017, 36(3): 441-452.]

[11] BRAUMAN K A, DAILY G C, DUARTE T K, et al. The nature and value of ecosystem services: An overview high-
lighting hydrologic services. Social Science Electronic Publishing, 2007, 32(32): 67-98.

[12] BARBIER E B, KOCH E W, SILLIMAN B R, et al. Coastal ecosystem-based management with nonlinear ecological
functions and values. Science, 2008, 319(5861): 321-323.

[13] RODRIGUEZ J P, BEARD T D, BENNETT E M, et al. Trade-offs across space, time, and ecosystem services. Ecology
and Society, 2006, 11(1): 709-723.

[14] B/RES, TR, REE, 45 ARG S AUE: Jrik BAL S BISEHESL. HBEEST, 2016, 35(6): 1005-1016. [DATE
F, WANG X L, ZHU J J, et al. Methods, tools and research framework of ecosystem service trade-offs. Ecology and So-
ciety, 2016, 35(6): 1005-1016.]

[15] LAUTENBACH S, VOLK M, GRUBER B, et al. Quantifying ecosystem service trade-offs. In: International Environ-
mental Modelling and Software Society (iEMSs). In: 2010 International Congress on Environmental Modelling and
Software Modelling for Environment's Sake. Ottawa: 2010.

[16] YAGER R R. On ordered weighted averaging aggregation operators in multi-criteria decision making. IEEE Transac-
tions on Systems, Man and Cybernetics, 1988, 18(1): 183-190.

[17] MALCZEWSKI J, RINNER C. Exploring multicriteria decision strategies in GIS with linguistic quantifiers: A case
study of residential quality evaluation. Journal of Geographical Systems, 2005, 7(2): 249-268.



34 BT 55 - ST RGNS 2 AU AR A2 A% SRk 561

[18] ZHANG L, FU B, LU Y, et al. Balancing multiple ecosystem services in conservation priority setting. Landscape Ecolo-
gy, 2015, 30(3): 535-546.

[19] RICARDO D T, ERSHUN Z, YANG Z H, et al. A local spatial decision support system for developing countries based
on MCA, fuzzy sets and OWA: Case study of a municipality in Cuba. Geo-spatial Information Science, 2013, 16(2):
120-129.

[20] LIUY X, LU Y H, PAU L H, et al. Quantifying the spatio-temporal drivers of planned vegetation restoration on ecosys-
tem services at a regional scale. Science of the Total Environment, 2019, 650: 1029-1040.

[21] 2458, SRHIR, 207K, 56T MODIS $dfa 11 i 4 4 /N2 7 SN S /1 25 FRSE 7 41R, 2012, 21(10): 1665-
1669. [LIJ L, GUO Q L, PENG J Y. Remote sensing estimation model of Henan province winter wheat yield based on
MODIS data. Ecology and Environmental Sciences, 2012, 21(10): 1665-1669.]

[22] #3CHK, B2, X #% 7, . TR 22 Wi AR A R Ge Rk 55 AU 5 D[R] 43 B, MR 22 E J2, 2017, 36(12): 1571-1581.
[WU W H, PENG J, LIU Y X, et al. Tradeoffs and synergies between ecosystem services in Ordos city. Progress in Ge-
ography, 2017, 36(12): 1571-1581.]

[23] FIELD C B, BEHRENFELD M J, RANDERSON J T, et al. Primary production of the biosphere: Integrating terrestrial
and oceanic components. Science, 1998, 281(5374): 237-240.

[24] SRSCH, WAL, TRARAK. o R AR A R R 7 DR SR A BT A AR A AR, 2007, 31(3): 413-424. [ZHU W Q,
PAN'Y Z, ZHANG J S. Estimation of net primary productivity of Chinese terrestrial vegetation based remote sensing.
Journal of Plant Ecology, 2007, 31(3): 413-424.]

[25] HOYER R, CHANG H J. Assessment of freshwater ecosystem services in the Tualatin and Yamhill Basins under cli-
mate change and urbanization. Applied Geography, 2014, 53: 402-416.

[26] RENARD K G, FOSTER G R, WEESIES G A, et al. Predicting soil erosion by water: A guide to conservation planning
with the Revised Universal Soil Loss Equation (RUSLE). Washington DC: Agricultural Handbook, 1997.

[27] XU AITF, 24k, ShICAH, 55, T OWA MR [ Ze A BT R I8 TV WM. DA p B VA N S 0. 2R 2523,
2014, 34(12): 3188-3197. [LIU Y X, PENG J, HAN Y N, et al. Suitability assessment for building land consolidation on
gentle hillside based on OWA operator: A case in Dali Bai Nationality Borough in Yunnan, China. Acta Ecologica Sini-
ca, 2014, 34(12): 3188-3197.]

[28] JIANG H, EASTMAN J R. Application of fuzzy measures in multi-criteria evaluation in GIS. International Journal of
Geographical Information Science, 2000, 14(2): 173-184.

[29] QIN K'Y, LI J, LIU J Y, et al. Setting conservation priorities based on ecosystem services: A case study of the Guan-
zhong-Tianshui Economic Region. Science of the Total Environment, 2019, 650: 3062-3074.

[30] AvHLu, ZEih e, BEERmR. AR 2 REME LR D ) OB R & 12, AR 2 REE, 1998, 6(3): 205-212. [YUK J, LID H,
DUAN T W. Landscape approaches in biodiversity conservation. Chinese Biodiversity, 1998, 6(3): 205-212.]

[31] BEARY), E3CH, B0, 4. BT MCRBE A ARSI IO X AR A2 i SRy S B S A Ak, 1 SR BRI 41E, 2019, 34
(4): 771-784. [HUANG M Y, YUE W Z, FENG S R, et al. Analysis of spatial heterogeneity of ecological security based
on MCR model and ecological pattern optimization in the Yuexi county of the Dabie Mountain Area. Journal of Natural
Resources, 2019, 34(4): 771-784.]

[32] 24, SR/, HIRRANS, 45, e T4 R I SR 1 L AR A A SR DL A B . AR AR,
2017, 28(2): 627-635. [PENG J, GUO X N, HU Y N, et al. Constructing ecological security patterns in mountain areas
based on geological disaster sensitivity: A case study in Yuxi city, Yunnan province, China. Chinese Journal of Applied
Ecology, 2017, 28(2): 627-635.]

[33] YU K J. Security patterns and surface model in landscape ecological planning. Landscape and Urban Planning, 1996, 36
(1): 1-17.

[34] Wi, WL, B0, 45, SEPUALIE] 20 DX SEULRS SR8 A B AL RIS LIRTALAS Pk B8], 1 SR BEI244R, 2016,
31(4): 556-569. [CHEN Y, HA K, HE W L, et al. Study on the change and optimization of landscape pattern in the basin
of Northwest Hebei Mountains: A case study of Huailai county, Hebei province. Journal of Natural Resources, 2016, 31
(4): 556-569.]



562 H % % | 2% i 35%:

[35] BAIT, 324, XI2%IT, 5. T TSP — RSt —i 30 e " HE R ) = TR T A A 2 e S . B 5T, 2017, 36(3):
471-484. [CHEN X, PENG J, LIU Y X, et al. Constructing ecological security patterns in Yunfu city based on the frame-
work of importance-sensitivity-connectivity. Geographical Research, 2017, 36(3): 471-484.]

Ecological security pattern construction based on

multi-scenario trade-off of ecosystem services:
A case study of Wafangdian, Dalian

ZHAO Wen-zhen', HAN Zeng-lin'?, YAN Xiao-lu>’, ZHONG Jing-qiu’
(1. School of Geography, Liaoning Normal University, Dalian 116029, Liaoning, China; 2. Center for Studies of
Marine Economy and Sustainable Development, Liaoning Normal University, Dalian 116029, Liaoning, China;

3. Institute of Applied Ecology, CAS, Shenyang 110016, China)

Abstract: Taking Wafangdian county in Liaoning province as the research unit, on the basis of
the evaluation of the four typical ecosystem services, including food supply, NPP, water yield
and soil conservation in 2000 and 2014, OWA model was introduced to simulate the priority
conversation areas of ecosystem services in the study area in 2014 as the ecological source. The
MCR model was used to identify the ecological corridor and buffer zone, and the ecological
security pattern of the study area was constructed. The results show that: (1) From 2000 to
2014, the spatial and temporal changes of ecosystem services in Wafangdian were significant.
Except for water yield, other ecosystem services had been enhanced. (2) Considering the
efficiency of ecosystem services protection (E£>1) and trade- off degree (0.68), the priority
conservation areas under scenario 5 were selected as the ecological source of Wafangdian. (3)
The ecological source area of Wafangdian was 564.92 km®, which is distributed throughout the
region; the total length of ecological corridors was 642.62 km, the first level corridors (220.76
km) ran through the north and south of the study area, and the secondary corridors (421.86 km)
connected the dispersed ecological sources with net-like distribution. The results can provide
decisive supports for sustainable ecosystem management and land use optimization in
Wafangdian.

Keywords: ecosystem services; OWA; conservation area; ecological security pattern; Wafang-

dian



