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Abstract; As one of the most serious natural disasters, earthquake normally brings huge ecosystem damage. But the
quantitative assessment to this kind of ecosystem damage is relevant difficult. This paper studied the ecological
characteristics of the earthquake losses in western China. After analysing the recent research of earthquake-caused
ecosystem] losses assessment, an ecosystem loss assessment model for the western China earthquake is proposed in this
paper:E, = E;, + Ep; + Ep; , Index analysis and the opportunity cost method are used to build up the basic theory and
calculation model of the earthquake study. A method of combining the earthquake ecological loss and the disaster degree of
the earthquake ecological damage is proposed for the purpose of earthquake ecological damage estimation in certain regions.
By using this model, the forest carbon reserve capacity in Sichuan Province gets an annual loss of 781,000t after the
earthquake , which counts for the value loss up to 2.5 x 10° yuan, while the capability of forests releasing oxygen reduces
673,800t annually, with the value loss of 2.7 x 10°® yuan. Direct ecosystem loss ( ED) is 647. 58 x 10° yuan, while

ecosystem restoration cost (ERC) is 1158.31 x 10° yuan. The provincial forest ecological service value losses amounts to
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1055. 88 x 10° yuan. The integrated ecological damage is 3527.31 x 10° yuan, with the disaster degree being 0. 38, sorted
to the obvious disaster damage. The rapid assessment of the disaster losses and the disaster degree have important positive

impact to guide post-disaster ecosystem reconstruction and ecological disaster prevention.

Key Words: earthquake; ecosystem; assessment of disaster; Wenchuan
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REFUHE PP ELIE SCERIY) ZIT B . Costanza 4 13 (iRlARKFE( Nature) 875 B R RIE S ERRAETRE
KA RS INREHEAT T 403K, AIRHTEH T 2SR ETRERFHFHIME, HEEESRENRENME
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IREH, K 1 600 mm FIPGILFEZR 250 mm PIF, #IRAERREE, EEREZEHK, KiforF2W
e ATREER EREERNESREANESRES X, FRKAT IR ZESKBRT . BHAHE- T
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Fig. 1 Associated mode Caused by the earthquake disaster
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WA EEW KREFERELZR(E L), Hl, MRTERENTERESRENEHEEASTZU
Bo BAKRE, AMESRERRIER  ZRPER ZRR ZEREENE ESRREEHRKEFR
BRK, 2008 4F 5 7 12 HEJBUIRHERE K, B TEIRHIER, 3R BLH MR8 B R e 2 T4, R 13
REE] EHFRRBE SRR EREMET R EFRHE R, BEREXATIRT LU RERT B
X, TR REA MR E RIS RS, BE MR- S0Ra A WENEKE, B R TR, 55
IR SRR, B W55 X IR B HE AR, R T AR X R A 2 T e X3t R A B

1 1905 ~2008 FHEE F AR

Table 1 the big earthquake in china from 1905 to 2008

) . B RTEA(AN)
B ] Time FEHHLR Site epicenter Magnitude Toll of death( x 10*)
1920-12-16 T E¥#5EH Haiyuan county of Ningxian Province 8.5 24
1927-05-23 HF i E Gulang county of Gansu Province 8.0 4
1962-12-25 H 7 B Z4& Chanmabao county of Gansu Province 7.6 7
1933-08-25 PO )11 5% B & %4 Diexi town mao county Sichuan Province 7.5 2
1950-08-15 Vi ¥ 228 E Chayu county Xizang Province 8.5 0.4
1966-03-08 LB & #E58E Longrao county xingtai city in Hebei Province 6.8 0. 8064
1966-03-22 HALT B & Ningjin county Hebei Province 7.2
1970-01-05 =B £ Tong county Yunnan Province 7.7 1.5621
1975-02-04 I T ¥ 3% E Haicheng county in Liaoning Province 7.3 0.1328
1976-07-28 JALEE LT Tangshan city in Hebei Province 7.8 24.2
1988-11-06 = EE Bk D E Lancing county and gengma county in Yunnan Province 7.6 0.0743
1999-09-21 ¥ B £4E Jiji town tounan county in Taiwan Province 7.3 0.2378
2008-05-12 P )1l )1] Wenchuan Sichuan Province 8.0 0.698

2 ABRERRBRITFHFAZE
2.1 MEBRITHAER
S. Ergonul'" $2iH T HIBH KB AR
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FV oo = —IC(P/p,i,n) —AE(F/A,i,n) + EV(F/A,i,n)
FV s = —IC(F/p,i,n) —~AE(F/A,i,n) +EV(F/A,i,n) -SC(F/P,i,n) ~RC(F/A,i,n)

XH FV withowtEQ ZI87EMHEH A RIMBHRFRMVHE, FV ZIHEPRILHRMARKMNE, IC
RIEWTH A TIRMEE R A A, AE B8 FHT I, EV 2 BEN ST E; SC 218 5 4% ; RC 2
IR E R BAERE A ; (F/P,i,n) TE—EHFME 0 T, RKEMEETF,

SRRIEENN 3 ANEBEERER . OFBRAEIT 6 PSR EENIET, Q5 B 53 T A F6 %
%, X R B ; OB FHIREAIETT . MBERDIHAFE LB

=87 504 W] LAR 37 DA A B KA (B F B/ MU (B AR S 3t 43 BR 48 AR 17 BRGAR , DU A I B 4 2%

Prim=x

Discount rate

I THERA
The initial value Wt FVIE
FV of unconsider
FEHY value in future
Year-on-year
o
s _ERI
£ < conomic value L EQ#E 5
8 £ Distribution of EQ loss
B= Eqifi 3
« Rate of EQ
R A A 2 ER g
Supply costs 'ﬁr{ﬁ E(J FV{E
o Rk FV of consider
Restoration costs value in future
RN TS

Economic losses

B2 HERKAME Monte Carlo AR

Fig.2 Monte Carlo Simulation model for earthquake loss estimation
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S. Ergonul 42 it Ky SR B AR RAT X R R F MR AR, N RITEF|IABET ARG RS Dhhe
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HIBRE, T v B AR BIR AR AR A5 D BETT 4R S 40 B i A 0, X O 248 B AR IRAE S R 25 Zh RRVR 2 DA /KF Y
), 0, O ¢ AR S2H B AR BTR R AR ISR 55 SRR RO UHE 5 IR AP B9 LB (IR R IR R 8, M X 4F5E o, 5
F1);0, KM ARFRMER p, 2 ¢ FHMBE [ FATRF N (1 +d) " 1,d HELWEIE, P BT
P9 24 BB ) o

A

A= ;Wt(l _Qt)let
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HITFIE R L, L O S e B e M 2R S , (03240 B R PTIRAE SRS DI eB R B 5 HZ MM
Sid BT, QF AR BRI S AR, U, O ¢ SERCE Bl BIBTE R BB 51 B A IRE L T
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BIYHEL, V. 58 U R BT SRR B RS IR SAMEL, @, O ¢ SRR il S0 R B9 A R S5 (A
B RS AR AU (ELBG ELAEL (PR BGA BRI R , 72 M AFIA BB R (E

L
D = QRZ (Vt¢t - Uz)Pz
t=H

4D =A,%5 Q" {8, F AT B S RN BRI T AR, A AMEZ 1 B SRR A IR 45 ZhRE B s E A + bt
I

“HEESARGESRSMELER TR ZEEH" Y S Costanza 5 R HHERESRZERS
THREVEM SR B9 3R b, X EI PN 200 B0 AR A p E BT SR E , RIESAE K, %FEE X 1hn’ £FF
WK HEEBARETBNEFMEN 1, REARREESRSNMELYER FEBESRET £ X
SRS HNTFREBRYE RS TN, ACHYERFREASRES RSV EREAENESRS
IRk, BTFENSGIHARS , RASHMEANEIE, AL S BRE|FH KA,

F2FVH T ZRARE S 6 RAERRG M A B 1309 TSRS TIRE, 4 A SEIET AVSKEE Bk
S C 1B S RY DURYAE E A Y ZHESGER: P WA GURMBE ™= H AR RS L,

£2 PEESARERSMELBRATF(YE/m®)

Table 2 indicators of ecological systems service functions in China

I H Ttem A B C D E F G H I
ZRAR forest 3.50 2.70 3.20 3.90 1.31 3.26 0.010 2.60 1.28
EHh grassland 0.80 0.90 0.80 1.95 1.31 1.09 0.30 0.05 0.04
7B Hb wetlands 1.80 17.10 15.50 1.71 18.18 2.50 0.30 0.07 5.55
7K 38, waters 0.00 0.46 20.38 0.01 18.18 2.49 0.10 0.01 4.34
4 H farmland 0.50 0.89 0.60 1.46 1.64 0.71 1.00 0.10 0.01
A

Difficult to use land 0.00 0.00 0.03 0.02 0.01 0.34 0.01 0.00 0.01

B MR j BB ARG i TAERRS NN ER Y E A N RERRENER e, 0 j BERRE i M
AR A5 SRR A TR B AR R GAR BLAE SRS B4 (T iE(ED) B L B T
JIER
My=Ae,(i= 1,2, 95=1,2,,6)
2.3 MERASHAEMEREE
%54k 8% (the normalized difference vegetation index, NDVI) EAE 41 Vs 8 B s .

NIR -RED
NIR + RED

XH,NIR 18 DERWESMNESR S , RED 18 T RS v WO GRS 24 NDVI (HE0R, 2 F
EBRESEFAEFRE ) -

NDVI =

_ NDVI,

" max(NAVI,) - min( NDVI,)
VRR 2IEHA R, BT MR RS B RS IR E B R A NE R B R EHNEET, ITEARK

e

% 100%

T(%)

_ NDVIL, - NDVI,
VRR(%) = NDVI, = NDVI,

NDVI, 238 NDV, %146 {E , NDVI, 218 B /50 NDVI {8, NDVI, $8+niE{bLi) NDVI {6, 0% VRR /hF 0
T DAER DX IAE PR A5 EE 55,0 ~ 100 2[RI TR XOSAE B Pk BB 58 , KT 100 W)k B X 3siAd g O T i == A
AR A 2 o
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Fig.3 Flowchart of vegetation recovery assessment at landsides
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EBRRENREREIE T ERE , EERTHIEE KM EE (CVM) BT TRE B4R
%, AR EZEDAEASTRME KL A SEREME R RS ER KGR KRB
KEESE, FEERARS, R—HIE R USRS, W E TS, RAMEERFERRETEHE
FEE 44T , W58 SR A7 AR AR (B 07, e S B 2R B AN E 5 K, PR MR K KA S RE T KR IR
B, RASGAEMEE T AR RETR REITTAAER , AR R R EASREMNIRERE L RE

FEPPAS R X R AT A= A5 2K HUE BRI AR, R A ERDAS Imagine9. 0 #4408 BEUIE#EAT IESHRIE , 18
B4R A AR R B, AR B B BT, RF R A SN E B R BUE 2 R A Ecognition 3k
HRBERZAE, \TERRER, ERREHMBERIFEERRIZEFER A SPSS10. 0 Al Matlab6. 0 24,

BrgERI S R RE IR IR SRR BN E YK EE %, ERBIKEHNSE, Wt
UiREE B RN, RN A S R A RS DI Re K B i

MRS BRMZE 3 HoHR: KBEESEERERR IMERRERER SRANRKENES
RGEETRMERBRIBIR . BRI S. Ergonul BB, 555 7 E 9 AR A M ZEAE 00, X £ T RRIRE 15 25 Z3t
BAKHEAT T oE , @ in P
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Bu = 3 [ G(0)

Ho Ep BAREREEBRK  Ex RAESRRERE A, En BAESREWRE A TR IREH K

EBTEBRRRS NEMEFRRGFE—ENBWER , BRI RS SRR s T ERRES
REE D, I REREH REZ K EBMRHERBIL,

B TR BUR R, H 0 E AR A R E 188 A SR IR R FEMRIGROT AR R

CIISSEL = zn" i WX,

i=1 j=1

Heb W0 i 20t KA j A E , RIEREE" S o X, %R | KRR Z R M 445
jo GatetniE T LIHRR R EAR E B TR m , IEXEL 8 B R e &R

PREALALEE o THBR AR B 00 R SR SRS K BN R E R, 7 R BT AR (LR B A%
&, EHEA T M, RARZEEN T XS MR RT3, S X R in L BT B BT B , %
RERARMEA 1, B/AME R 0, HARMEENTE 0 5 1 ZJH,
Vi~V

Ve Vo

A, i NG, V O AR B EEE , VoOR SRR R IR BB R, Ve Vi 7 BT AR B B ORAE A B
/ME

AR BEE N 93% -

p=%L
g

AF, D RERE ¢ AHEERNESRERK, ¢ REXBETREME, H D Rl ik X I2 K
FEEAEIH, MRS RERRFE 8% EAXK.
3 HEGREMERS

BRSO RA A F R ARG 1L Wi 3, EORE LA 10 77 ke, DU)I H A PR SR IE
YL, LR AR IBE , B P E VR R R A SRR ER A X, FRAT, B 4 BRI 32 R X i
41 AEHRREFEN R B AR TS 2, 2 R K BB AR 4929 Ab, L Re R B R E BB A 158 4
REUHFR FE BB A 1271 Ab P BRI B B 1817 Ab XM K R BB B E 94 TE AN K2
(¥ E = FIRIMEAAHEETOR) o BUINRFRHRERXAEL 60 ME (HX) , HAf )il 50 4>, Hif 3 4,
BTG 7 4>, BB RIRTL JE VL ERITEH BRI o BRX il I L R R L 8] R S i 4 S 2
LA, A v LR A X 1 ) Lt AT DB 1 o E o DA e 2 L L 3 S5 SR S B B G, IX P R UL B LA
BRBEHE B X AR, TR 5, = HB LG R E WX

TN TR ORI FIZR0e 10 R , 2 P E AR IR ) R X2 —, ERX AR T TIX, 2 )I4E
ANEREONERE MK, ZX A MM G2E 10.4% , FHRERBLH2E 9.5% , FHRBERLEE R 13
ANE R AR IR B ARG LU R HH 2K 17 AN E R, BRI EKRARE SR X, R KRR
PUBSHEMEE S TREHR , FAER A EHER, SR HAEE, RIEMKREATR" " %k
I, ER B R R Y 4 600 Rl b, EEE Y 400 25 HHEShY 252 7, P B2 58 7, 5K 64 Fi, &
FI2K 45 B, PIAKIZE 54 7, F2.26 31 o RATMUBRMWE R W ASCREER , M BRFRE. WIIEHRR
XA EZURP R L REF2HBESEY S AR BRESRE N BrE BRRIX 514, R
& 263 NEEYF (B BERSL)  HPER 1 %M 2 RRYSHEY) 60 KFF, 4T IUCN FE(VU) Bl EZFIH
A 80 RFbo WAL, RIX7p A 3 Abti S8 =R H—— B B B AR5 7™ M R R AT S B AR 7™ i A
RARTUEE L SCAGE ™= o DO ENE S H A KT BRPG 3R F 3 ANER S B RRIX, BB K&,
MR R IR AR T AR , AR BB, 1B RHAE S RE R R A SEYRIRZ D E
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WO o E o T BRI )48 AR R IO VS e o AR DR A 7 BURURBOR R, R s B
T FIRER R T2 BRI BORH(E 4) 3RS SR BT, ZRIU T HURHIE R X AR R R R E
A R E AL, I BEMFRA IR (£ 3,5 4) , BEREIEIR 15 LandsatTM, SPOT, IKONOS,
8 TN IP6 T R R AR , LA K% ] SRR AR 24 B M S SR A0HE s S At B 4 A 7% DEM %5358 (1:50000) , &
BIAF, K WK ELHE(1:100000) , S 4HAF ZEM B RRI X REBHS BFIMAERIE S KRS
i RATEAESRGEIRS 48 RE BN ELE AR HRERIIES,

£3 WHRRRESRGEHFEBHIE
Table 3 Ecosystems detroy area stitstic caused by earthquake in Wenchuan ,Sichuan province
BHRESRS HEHESRS RELESRG

HE(K) Forest ecosystems Grassland ecosystems Agro-ecosystem Bt Total
Cities and  BIFEH HER BHER  SER BHER BEHR BHEEHR SEHR
counties Damage Total B & H Damage Total Bt 7 Bl Damage Total B & H Damage Total B & E
( diSU'ic'S) area area Percentage area area Percentage area area Percentage area area Percentage
(%) (%) (%) (%)
(hm?) (hm?) (hm?) (hm?) (hm?) hm? (hm?) (hm?)
Ry 5727.5 38771.8 14.77 3749.8 24122.5 15.54 239.9 56034.9 0.43 10047.3 125165.3 8.03
bl 19295.1 162452.0 11.88 7141.6 175.581.74.07 288.5 2249.0 12.83 27236.0 408.217 6.67
= 7587.7 52953.1 14.33 771.2 2901.2  26.58 489.8  79689.2 0.61 8888.4 140170.1 6.34
H5B 3169.6 27129.2 11.68 1619.7 11197.1 14.47 96.2 38595.5 0.25 5353.4 85356.7 6.27
M 4962.6 56562.1 8.77 1394.8 8679.3 16.07 115.6 68846.8 0.17 6669.3 141926.1 4.70
FRILIE 2599.5 170715.4 3.68 440.5 9108.9 4.84 14.0 34543.9 0.04 3120.9 120168.4 2.60
Jen 2991.4 190613.1 1.57 341.3  37292.7 0.92 2816.6 51686.5 5.45 6252.9 286341.2 2.18
=l 907.5 199106.0 0.46 448.8 41146.9 1.09 874.9 79047.1 1.11 2256.4 326228.7 0.69
J; AN 1441.9 176179.6 0.82 670.2 135343.0 0.50 31.2 10398.1 0.30 2236.3 384806.0 0.58
SER 1156.5 418640.4 0.28 275.1 87179.2 0.32 1725.7 58871.0 2.93 3325.4 595627.5 0.56
pach 438.5 104299.8 0.42 2.3 57010.8 0.00 0.00 0.00 0.00 440.8 498894.4 0.09
£ 4.30 38246.9 0.01 6.10 6303.9 0.10 0.00 0.00 0.00 10.3 108830.3 0.01
HE 16.1 137362.2 0.01 0.00 0.00 0.00 0.00 0.00 0.00 35.4 432518.0 0.01
PAR:if 10.8 121575.3 0.01 0.00 0.00 0.00 1.4 136581.5 0.00 12.2 271752.8 0.00
411 Total  50309.0 1794606. 9 2.80 16878.9 764830.1 2.21 6693.8 616534.5 1.09 75885.0 3925976.0 1.93

F4 WIHRESHFGIT AR
Table 4 Ecological damage statistics of Wanchuan earthquake

AR

BHIY ‘
we  me ows o xm gk (OO0 TRETE

Forest Gressland 7% Swamp  Farmland Types of

HIR W)  FiE
Road damage Forest damage  Seed bast

Lak fl
(hm?) (hm?) ( xFkm®) (hm?) unusal n ze 1(‘)13 R Ecology drop in in forest to the bridge (hm?)
animals () (x10°m’)  coverage (km?) (Block)
(%)
50309.0 16878.9 7.3 6693.8 / 33491 42.96 2.09 3487 487 1600

£5 PIHRERHENEESREEFIRR

Table 5 ecologic economic loss of Sichuan province by Wenchuan earthquake

MRS BHES BRED L,
REME REME REME 20 L o
The value The value of The value R KIE REBR BEEE HHEHREK

ED ERC ERL Integrated  Disaster 373 i ; T R
of ecosystem ecosystem of ecosystem , , Condience Regression
(x10%) (x10%) (x10%) . . . ecological ~ Degree Disaster . 7-test
services  services of  services (%) coefficient
damage (D) loss level
of swamp  grassland  of forest ( x10%)
(x10%)  (x108) (x108) %
647.58 1158.31 1721.42  516.77 823.93 1055.88  3527.31 0.38 FEHIR 85 0.93 6.32

Worst
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B4 DIERXERE

Fig.4 The map of Wenchuan worst-hit remote-sensing

BRI RERN AR RGE R X FEA BT R — L0 1L X8, @A 32U ZE] AR 4 MR
o BM EBEFMILI 3 METASEFER G XIBESERK 2% . 5HRFIAHE b, 18 15 0R VL B 508
AT R R OB B B 3 22 , SRR BRHR R — B Ly PR35 T e 2 A M 0 ) = 280 o 2% 5 TSR P 3R
% RO B S A RO B B SR, BB, BT R R B RE RN L TAL . HER DRk B K 2 ]
W R AR ok LA B B AR SR DA B KIS S R G IR TIRE TR , Fe B BRI RE OK IR FF K LR RF
He W AR DA B RO AR 55 TR SR ) , — 28 AR IR X AN BN . E /K0T R W O B9 A0 B S 0
RSB EZH, RWRERLEMEIMARESSIEANER.

MBS R L LRE, MR FERE R, HRBEEH KRB, KX A REHRKED
3430km’ , EFRE 14 42. 96 x10°m®,

TRIBR I, ZRAR K IR F5 DI RBRR MK 30. 24 x 10°t, 7K - i 4 B SR AH OB HE AR IT YR YD 34 3] 10. 74
x10°m’, PUJIEFEA YK HIE b AL S & B 4R HR4E 78. 1 7 o, AR 2. 5 x 10° T4, MBI ES
BESIFRAK 67.38 J7 t, IEME 2.7 x 10° J6, HIBES AL % (ED)647. 58 x 10° Ju, = B R LW E 3t H
(ERC)1158.31 x10° 7T, &8 BMER R G LS RSV E IR L I 1055. 88 x 10° 7T, 45 S S H R 7E 3527. 31
x10° JG, R 0.38, B TABRAELFIRAER.

4 SEigFEW

(1) HBEFERR ENERETHR PR AL T8 F B )5 XIRAE R BB s PR FI T & , 51 itk 1 Bl

PR, JE S xR B B bR R M AL A EEMIER
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(2) N RSGATR YA AR RETT A AG (615 RS PR H X L =R 3 B XIS A R & B R HAT9126 174l
ZR ke AR R DABUCAMNE , A E D IE,

(3) #BME, WEEARRHEP EEERRLEI K (ED)647. 58 x10° Jt, A AR 4K K %% FH (ERC)
1158.31 x 10° 74, 24 kA B RG4S RS Hr B %% 1055. 88 x 10° fn,z% HERBETE 3527.31 x 10°
g6, RE 0.38, B TERRGEREEFREAFR,

(4) H T@IT O REF MG BRI 5 21802 K A ETTE, A SO R/ B4R
SHFBER, B R e R, RS R , S5, ERRENIKE RS IR 2R E ST M,
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