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Evaluation on the impacts of the Wenchuan Earthquake on ecological spatial

pattern in landscape scale
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Abstract; This paper is based on two periods of landscape type maps derived from remote sensed data and basic data,
according to the present and characteristics of the landscape ecosystems in regions before and after the 5. 12 Wenchuan
Earthquake. The paper analyzed the process of change in the landscape ecosystem and heterogeneity in landscape ecology
with different earthquake intensity. In order to evaluate the extent of damaged landscape ecology, and by means of
Analytical Hierarchy Process ( AHP) , a synthetically index system from two aspects of landscape-stability and heterogeneity
was established. The main results are the following: (1) Large scale of woodland, farmland and grassland were damaged by
the Wenchuan Earthquake; landslides and collapses took place, this caused a great number of bare land and bare rock that
emerged after the disaster. The change area where earthquake of M=9 of woodland and farmland reduced by 458. 48km’
and 91. 16 km” respectively. The bare land area and bare rock region increased by 496.23km’ , and the range ability related

t0 947.51% . In the IX level region, relatively lighter influence acts on landscape change, and the variation ranges are all
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below 2% , the ecosystem is slightly damaged. On the contrary, in the tenth seismic intensity region, damages on the
ecosystem are more obvious, and the bare land and bare rock in this region increased by 126. 17km’, it is about 7 times
contrast to previous status. However, in the eleventh seismic intensity region, where the centre of that hazard earthquake
stay, it heavily damaged the ecosystem, and it manifested as obviously change of all vegetation types. The bare land area
increased by 334.47km’, for instance, and that is 29. 34 times to the earliest situation. All of woodland, grassland and
farmland are likewise decreased by 308. 04km’, 14. 36km’. (2) On the analysis of landscape indexes which belong to
beyond IX level region show that the ecosystem is originally fragile. The ecosystem’s fragility is reflected by its diversity,
homogeneity, fragmentation degree and dominance of local landscape ecosystem. But every target showed that the
degeneration of environment and spatial heterogeneity , evidently, after quake. (3) Referring to Sturges’ evaluation criterion,
the landscape stability and the variability, integrated score of each landscape ecological damage region are 0.42, 0.66 and
0.80, separately; and the corresponding destruction can be defined as moderate damage, severe damage and awful damage.
In another words, the integrated score of the eighth seismic intensity region should be below 0.4, and should belong to the
slightly damaged level. Owning to the overall merit, after-disaster of the ‘5.12’ Wenchuan Earthquake, reconstruction and

reconstruction projects should focus mainly on the ninth and above seismic intensity regions.

Key Words: Wenchuan Earthquake; landscape pattern; landscape ecology destroy; index system
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Fig.1 The location map of study area

PN R X B HIRIT T EBITS FIFR X, TR 15 x 10°kn’ , R W HURHEE 2, IRRT,
THE KAREFER, BTHER BARFUMRELZLEX, HEFERATFSFTXEHXEEZES AN
SO EBCHE B M R E I CERAFE &R (W) fH A B AR (& 1) 3 f B4 F 102°
50’ ~105°40'E,30°40" ~32°55'N Z ], EH A N 1. 55 x 10*km’ ; X BB X R A7ERO)I AL
6148 X35 ; XTZ B b =2 ¥ Bl o o)A el

RN EPB)NRBEL R RKERBER PN TIPS Er 2 EH L, 23 o) - s s,
B L)1 BT 3, 2 LV ELUT A P OF WA B, B K £ 300km, B8 50 ~ 70km, XIS JB TR EMIE (S8 I3,
T LA R A I R — AR EE S AR (IR L -IRBR LK) . B R ABEm AT MBS, &&
FOAPUSEIR I, ¥R 6250m, B FILEHH LB EHEXNS K, 2FETHELEHE, N 6.7 AHFHE%
BIPEIN R, K E BREMB AES A2 RARHEN, B TR, XNABRKZHRER KEAE,
R HAASRB LR, AN ERSE, pL TN 5, mHERAERERAE,

2 WRAE
2.1 FHiELH

254 2008 4F 4 A F A Landsat-TM 4% .,2008 4F 5 J &, F A H EL¥E R &2 (CBERS) CCD R
Landsat-TM 85 , 1t Arc/Info,Arc GIS i@ BRR HEAT RMR AL BAIE0F 4L, 45 X I =LK B == | 40 1
PR XIBHRMBE R, 5 Fragstats AT E R X FRESTTHER. &6 XEAKIREEEMA
O A RSS2 FEH R, B R EW S Hk (AHP) fUSER %2 o & i B 7 R
WERE  REHITEET
2.2 FMKEISRK

— R A BRI B — R RAED AR KB & BT X R WL E 20 A AR L B bk M 22
M KR IR S B R A,

hitp : //www. ecologica. cn



12 4 KEH F AFRMRIEN KX RS EER TN 5941

2.3 BEMAEDSER

FOWA R B AR AL 2 B AR T ARTE SR R A AR = A 1 X I A AR B R R ISR A Rt , RGR X I,
A 2R B 2 AR AR A T B . ST RS RIE R S R SR AT , SO BB LA T JLRME AR 5T X
BRI AL

(D) FEWMEFEE(D) ERB—FBILFE MR RS ROERE, HEALWT:

D = Hu+ 3 (P)) - log(Py) (1)
(2) BMEHAAES  FZEAHE Shannon %ﬁéﬁ_%ﬁt(SHm) 5 (SHED %
SHDI = - 2 (P,InP;) (2)
SHEI = —l;}{DI/Inm (3)
(3) BEEFIRE(CONTAG) RBEMAFmBLENREMEREE . HTAER:
) m o (p 8 p._&u
CONTAG = [1 + {2{ ;[[ i ég%}n[ i Zj,g.-J] }/21nm (4)

K, mk PRI P, ik B2 8 © BT o ROWE AR LU )5 g bk B 2R & A K 22 [ RE 4B B R ) B
To¥Lo
(4) B 53 BEBE (Separation)  FEFMBE P AFERIANMEDBERE , ZADT:
$=0.54 /n,/A/A, (5)
K, 4, A 3 HIRAR SRR k FEARAE WS ER n AR KR b PR3k 844G Rag Ik
B kW R, 4 B R, ROWL A R 2% AL AR A
() BEME R H.(Pland) REE—FEHEXAR SEHASBENMRUWERNE 2, FBA:

ZA..

Pland = % x 100% (6)

A AT § TR, A SRR TE R
2.4 IEFREBRAIE A RIEL

YRR RRARIA B E RBARE, R AR MER  RUAERE RN TS LU R ES]
ZIRIEIZ5H JERI RS L I BISY , 4 B W& FXHR BRI k™ BB ED 2 bR
RS H 3 ANER, B —BR AR MERFEIR G AT, JOP S AR KR A A Y LR B 0L, 4
DB Z AR RGN TE R MR R EI8nR PB4, 5 BN E B 18155, F =BV R IHE TR,
BRI R RS RN A SR B A8 8
2.4.1 FWMRREBERS)

B E M R RV TR TR AE 11, B R BMAES AL RIWERET, YARTHRIA
HTHh— BB RN A RKE S, BWAESRELRE I EL, HEEWARNEGSERE ",
REW: BMAESRAARE RS LB TR, IR MESEEN B iR B R B . B8
SRR ER"  FEEIEG MR B, B A\ O BESESRARBNEE G
HREREYH I RS RENRE N TN B VA SRR MR 4 BERRENAS RS
AETHEBENE N, SAMBEXERER, OB U T HERET . HEEERE: (1) 2R
(s1)(2) K EFRFR(s2) . (3) BB F( s3) . (4) ABFHE(s4) L(5) AABEE(s5) 0
2.4.2 FWREESITENS(H)

BIERVAE S REBIR R E RIAED ", UREBRWER ENESERE NI AL

hitp : //www. ecologica. cn



5942 £ K5 % K 28 %

REMNZEEEHE SERMZERBIR, 456 BN % 53R WA P J5 8, 3CH R 5 WU A2 B AN 7 v
VAR R P4 i 2547 i o HERRERAR O : (1) M B M (hL) | (2) FVLBEREE (h2) L (3) B #
BE(h3) .
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B R BUR XA SRR R AU RIIE s (R S R RN B SRR BT IEM R, (RIEFTR
R4 R B SR SR E TR

(2) ¥ BB BEAT 2 S R, T R A S R SR (B AT HE , SR AR I A 18 AR R SEBR 18 20 X B 4B A R E
FICH SRR AB.C =& (R 1) R{EHREN A:1.0,B:0.5,C:0.01,

(3) FARRIEAR T R £ BRI A B AR (R VLA RE T B 25 SIS AR B AN O w, , TR R PR B 45 BT 4
EIALED y.) R EE S8R AE (RWRE RIS W, R MR RBIEIR N Y) . R\ AIEIRHR
SABETE HEGERNED .

R T $=3 (s xw) (7)
TR R iR H=7Y (hxy) (8)
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(5) 1% Sturges 23K n = [1 +3.32 - 1gN ] + 1(n HFREN NERE) HRMAESHIRN N S5 A
oI AR (Z) 185 < 0.2 ARATIFE 0.2 ~0. 4 HEBWIFL.0.4 ~0.6 P ERPIFL,
0.6 ~0.8 HEEPIHFE . = 0.8 HREBIFK,

®1 EFRSEFRARNER
Table1 Grade table of indexes and weights

PR 3847 Evaluate indexes £ % 4K & Rank system FLE Weight
B UAE HFEHR Landscape stability indexes 0. 4896
+#biB % Land degeneration rate A:>0.3%; B:0.3% ~0.1% ; C: <0.1% 0. 1246
KT FiRZR Soil erosion rate A:>0.2%; B:0.2% ~0.1% ; C: <0.1% 0.135
FEMIE 553 Forest coverage A:<30% ; B:30% ~60% ; C:>60% 0.11
A3$tHh Per-capita of arable land A:>0.11; B:0.11 ~0.067; C; <0.067 0.08
A O %5 & Population density A.>500; B:500 ~146; C. <146 0.04
B8R Landscape variation indexes 0.5104
BWML M Landscape’s diversity A.:>1.0; B;:0.5~1.0; C.:<0.5 0. 1885
BUWBHE Landscape fragmentation A.<30; B:30~70; C; >90; 0.1764
WA E & Landscape isolation A.>0.05; B:0.01 ~0.05; C; <0.01 0. 1455

3 ZR5itie
3.1 MRANE R WA E R

FRHE T HUR AT S5 0 B BB A AR T (3R 2) , MR G R BUbR M B AN BE IR , LI AR 38 B
WmE, BN RAERRKER N, HWER, PR X NE AR, E b SR o A SR X IR
46.35% .\19.33% ,17.06% F1 15.87% ; iR 5 , {E# L fr o W AR Ll & AR 28 4, B o BBl 20 3 R 43.41%
19. 48% .17.28% 1 15.28% ; T FAS 4k | , G MR8 05 & , 155 458. 48km’ , AB{LIB B N - 6. 34% , Hyk Bt
Mo, V808 91. 16km® AL NE B N — 3. 68% , 78 AR i 7 25 3 77 76 A (R R BE A 3 0 M 7R U, AR B AR 3t
(&) TR, A3 496. 23km” , FIRVASLIREE y 947.51% (B 2) o /KIBAIR £ Fi i F B2 40 52 0 5 14 B Wil
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Rl _ RIS N
Before earthquake x After earthquake A
T E—
B Ak Woodland [ #itkHt Open forest land [ i Glassland I ks Waters
B 3% J3 R Activity land Bl 1A Bare land (rock) ] #f#s Farmland
B2 HEEIEPLHERREL
Fig.2 Landscape changes in belt of Wenchuan Earthquake center before and after-earthquake
F2 XEL i RX RS RR B ERE T
Table 2 Region’s landscape types area statistic of seismic intensity GT. 9
R 3= TR A ALIE B
Land
RUWRE scape types Before quake( km?) After quake( km? ) Variable quantity (km?) Variation range (% )
A H Woodland 7230.56 6772.09 -458.48 -6.34
Ak Open forest land 2660.97 2695.82 34.85 1.31
E M Grassland 3015.73 3039.61 23.87 0.79
K38, Waters 92.68 91.70 -0.97 -1.05
3% i Activity land 70.24 65.91 -4.34 -6.17
#4s (55) Bare land(rock) 52.37 548.60 496.23 947.51
P b Farmland 2475.73 2384.26 -91.16 -3.68

AR ZIET , R H (£ 3) FEE MR E R, SRR EEBNE, EXSMEX
B, iR R MR B AR AL R A X B0y , bR B b AR () Ak E AR b4 Bk - 50. 85.,40. 56,35. 58
km’ 1 -22.93 km’, EBVAS L IR $97E 2% LAY, E R R A E—EMWIR . FEEHIBRE 30, 76 X S
FUBE X8, BN E R R A B BT R IR IR & B R AR B ERHIR, R ED 1. 11kn” B3R S Al
Vel 5 bR At A RS O 0, ek T AR 3 5 R 98. 48km” A1 32. 26km” , TG AR IS A W JEE 43 K 4. 70%
6.40% ; ML BRERRU BB R H WA R FEEAM , WEEHRATRE T EPHR B AR, A KERO B ERE,
B TR R E A , K A () TR T 126. 17km’, G CA) MABEINT 7 %, ZAXIRME
FUBE XI5, B R B, RS B AE S REE IR, X IR 5 AR B3 DL K3k & R b 28 4k A
LEAE, Hh R ) N T 334. 47km® AN T 29. 34 £% A AR B A B AR L o BA B, T AR AR
AT -308.04., —14.36km* Fl —35.97km* , BB BE 4> B K - 16.74%  —5.04% F1 - 8.86% . MG WML HE
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AL E AR MR RS T AR AT, AR ZUE T AR B MAES R AR, B Al R
AR BAR PR — B LR | B — AR A A R IR AL

*3 AEBRUETERLXBERALGIT
Table 3 Region’s landscape types area statistic of seismic intensity 9 ~ 11

M=9 M=10 M=11
SR AR AR B AR i AR PR BE A AR B
Landscape types Area change Change range Area change Change range Area change Change range
(km?) (%) (km?) (%) (km?) (%)
A i H Woodland -51.95 -1.58 -98.48 -4.70 -308.04 -16.74
HibkHs Open forest land 1.15 0.09 8.14 1.11 25.56 4.11
EiHh Grassland 40.56 1.90 -2.33 -0.39 -14.36 -5.04
7KIR Waters -0.18 -0.35 -0.23 -1.44 -0.67 -2.00
IRk % Fh Activity land -2.25 -3.82 -1.11 -14.61 -0.98 -25.65
#i4th (45 ) Bare land (Tock) 35.58 1.54 126.17 701.74 334.47 2934.60
#h Farmland -22.93 -1.46 -32.26 -6.40 -35.97 -8.86

3.2 XIEFEWASSBRALRE

X XA b3 52 DX 5 5 A% SR HE AR 2 A (3R 4) , AT DAAS 3 3R X AR S B IR A
FHAE :

FEHLRR AT, XIS i 5O AR S ) SRR 500 S UL R B AL 3B (I R B i XS AR S R
Jola s, RE , R BE A S & T e bR 2 R A S AR L L R B B e s (e S it . e X R U
X3, R 5 H W A L S LB AR B N SRR 38 ) M AR AL AN AR BA 58, A% 28 f 1 BE 317 5% LAV, T s WA
SEEAS A, DA 0. 68 J/NE 0. 50 , Ui BA AR J& LAMRHE 5 35 i WS BU B 08N . B R ZUBE RGN, 7E
X G R ZUBE DX, , [ s WA R 28 A0 i 25 R A fE AR AL B S, o rp SOl S AR (L iR BE 3R 3 51.35% , =
BIIER IR E IR T 10% ;FEXIZ R EUE X, iR G , RS S S ER s E, BES TH
ity DX 35K, 55 OB AT 408 0 S S R AL S A (B AR B/, HLA& TFEAR AL R B KT 30% , KI8T ZAE1L
¥54k , B TR B bR, o5 DR AR Sk B b () SE 2 AP RO AL, OB SR U S T R 2 b AR )
= FRE BR B () SOWR AR i 15 KA SRR B EE T4 E,

F4 REFRUEBIERE LR

Table 4 Features of landscape pattern index change in regions of seismic intensity 9 ~ 11

SR S Z M SO SO S
H R FURE Landscape dominance Landscape diversity Landscape fragment Landscape homogeneity
Seismic R RIe R RIe R BJE AT BIE
intensity Before After Before After Before After Before After
earthquake earthquake earthquake earthquake earthquake earthquake earthquake earthquake
M=9 0.68 0.50 0.96 0.98 94.40 91.05 0.38 0.40
M=10 0.56 0.47 0.94 1.17 94.42 82.21 0.37 0.56
M=11 0.54 0.41 0.84 1.23 94.56 66.51 0.36 0.58
M=9 0.67 0.48 0.95 1.17 94.41 82.36 0.37 0.48

ME 3 B8 T X X XIFARR T T X Gt 7R KA ML) Pland 18502 ALIE LT, TERE AR X
B, BEEIX A Pland $8EUAK BN 3 Ak Bt B AR . RS , A AR TE R B8/, Pland 38§
BOpk/D 2.94% , KB B IR S A K AR X R () TG BUSURI3E I, Pland 15 %08 T A=A 89
0. 34% 3 fnE] 3.51% , #R3th Ce) WSR3, T ERR TR JMM A BT EE, &R IA SRS
AR FEIX AR X IR , A AR b A 8 3 T AR R I K BE sl /D, Pland 48 050 510 A>T 2. 29% Al 1. 09% , # 3
Pland $8BB8IN T 2.21% ;16 X PR IX IR, A bk Pland 15B08/0 T 4.75% Bt FE 3120 51080 T 1.16%
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F10.41% ,#tH Pland $850BE M T 6.96% ; 78 XIH 58 X 3., A R Hb Pland 355008 /0 T 6. 49% , B Hb F 5 i
Pland 38508 /0T 3.26% F1 2. 41% , #3340 Pland 385035 T 9. 81% .

[] &7 Before earthquake

60

7ZJ5 After earthquake

0 IXZRBUE M =9 X 4R FE M=10
wl| B wl| P
20 20 +
) - e
E 0 I 1 I FFA | | E 0 | | | % | |
; VAR 2 Bk M 4¥ut Sk ; VAAKHE 2 bk 3% 4B S HHE
ﬁ 60 - XIZRUE M= 11 ﬁ 60 KT IXGRUE M =9
= =
BX BX
40 40 -
20 1= 20 - >
7 7
uly n 1
0 L ! I % I | 0 ! é ! é [ I I
VAR 2 Bk M 4¥ut Sk VA 2 Bk 3B 4MUE Sk

1 Woodland; 2 Open forest land; 3 Grassland 4 Bare land; 5 Farmland

B3 AR RAE T SRR E I A g 7

Fig.3 Pland changes of various landscapes in regions of seismic intensity 9 ~ 11

3.3 FARAAETRUESHIREETH

AR I B SRR JRyXet 5. 127 BN R 7R 5 T8 B ZUBE S0 A &l 7, S5 MR i F) B SRR LA B bR IX K
FRBAEFIN D SEGORIBEAT 2047 , 2 LB AR K L AR R R 2 R S8 AN 1038 BE AR D WL
FRURE A 0 BRI A R S5 WL 25 o A | S VLA B 0 2 8 BB A DA SO e o A 9 BT AR A R, 20 S0 o
WA RE PEFE AR AR LS B AR ARE s HF42 AR IR ITEE , R 38 0 4 204 3 Ui I A0 2 U HE e AT — B R A
K, Fo HHARAEAR 5 X RE PR AN RE BABTR AT IH —LALB] , f AR )2 I R AR A DL B HE T 5 B B R AT
SHMES & T RIRE R BT, BB SR R SRR S 18n 5 (R S5) .

x5 AREMEETFNIERBESR
Table 5 Values of evaluation indicator in regions of seismic intensity 9 ~ 11

F5n 44 % Indexes M =9 M =10 M =11
+ B L# Land degradation rate( % ) 0.17 0.22 0.51
JK ik # Water loss and soil erosion rate( % ) 0.10 0.15 0.21
FRME 35 % Forest coverage(% ) 37.34 50.04 46.15
A3k per-capita farmland area( hm?/ A) 0. 064 0.064 0.064
A5 BE Population density(_A\/hm?) 180 198 156
FMLHAE: Landscape diversity 0.98 1.17 1.23
SR AL Landscape fragmentation 91 82 66
W43 BS B Landscape separation degree 0.035 0.058 0.076

ARIEIX L XA XI R 3t 7% XS S AE S BOR LR B 18 45 R (R 6) , S 1R Sturges PR, L5815 70 51
0.42.0.66 F10. 80, Xif 7 Fr) A AR BEIRAR BE 2031 Dy P BERBOOR EE BEOIR AAR BE AR . ARE DL L &R 575
3o HT, AR X IMER &1 AT 0.2 ~0.4 Z ], B TREMBIA S, H i, S, 127 3 KR bR
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RELSIFTRE N TR R H B IX R L XL b X

SCH SO A SR PO T8 b 1A 2R DA st ok XS A 25 PR SE B 20 1 &, 7 SR WL A SO A R B LR AE
R B ZERE b AT AR R, (M fEr iR BE AR B R WA SR AR B , 38 R A Wik 7 o (Rl i Je AT RE VA
BR T EF R H R B0, L, A e iR R B A BOR  ATSE

®6 TEMRERAETRUESBARES TN

Table 6 Overall merit of ecological destroy in different regions of seismic intensity

i RFUPE Seismic intensity M =9 M =10 M =11

254154y Integrated score 0.42 0.66 0.80

WA Damaged level FEERIR moderate damaged HERIR severe damaged IR awful damaged
4 Hig

REFS. 127 BN KRR BN A ARET RO, 4545 DS S A B TR , 18 8 DL F 4538
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BN, SR , A A TTBUR/D T 458. 48Kin® B {LIRBER —6.34% YR, B 91. 16k,
ARy - 3.68% AL, BHb () FIAUHAN T 496. 23kn” , FBVES MRS 947.51% . MR HIIRAIR S
BRI R BB KRR B ST 11 PR 48 I, 125 ) R sl R 3 0 AL
MBS 3, AR R OB MU . AEA TR , H O R ALBE ORI, SV (R BN .. 75
IX G0 AR R, MBS SO TU A (BRI B A3 B AL () RO TRV TLAREE 545 29% BN
16 X S RFIBER B, H AR 275 3R G5 OBV U T e, bt S K B BB/ 20 T L8 0
98. 48k’ i 32. 26kn”, i LU 2 W BE 4 By 4. 70% A1 6. 40% 5 A1 2, BBk 0 # A () ALY M T
126. 17k’ REEHALCE) TRUEIN T 7 55 . 1EXIGORARRUE KSR, ARSI 02k 25 R e TR, IS BN
AP B FUBE 07 {2, TR A6 T - 308. 04, — 14, 36km® Al - 35. 97k’ , 25 {L i FE 53 51
-16.74% , —5.04% FiI - 8.86% , ¥t (&) W fin T 334.47km’ , FARKE AN T 29. 34 4%,
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