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Abstract; On May 12, 2008, the Wenchuan earthquake struck the Sichuan province, triggering strong continuous
aftershocks in its surrounding regions, which led to secondary geological disasters, such as landslides, collapses, and
mudslides, in more than 120 regions in Wolong National Natural Reserve. This bioreserve consists of broad-leaved
deciduous forests, deciduous coniferous mixed forest, and coniferous forests, and is considered an important habitat of giant
pandas in China. The population of pandas in this area accounts for approximately 10% of the total number of pandas in the
entire country. However, vegetation in this bioreserve was adversely affected by the 2008 earthquake. With the development

of earth observation techniques over the last decade, long-term observations of natural vegetation have detected large-scale
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land-cover changes. Among the various long-term satellite data, MODIS data have significant potential in detecting
vegetation changes from regional to global scale because of their high temporal resolution. In this research, we proposed a
method based on wavelet transform to extract information regarding vegetation changes using normalized difference vegetation
index (NDVI) time series data in Wolong National Natural Reserve. In particular, MODIS 16-daily products recorded from
2003 to 2012 with 500-m resolution were selected for investigation, and the effects of the earthquake and secondary
geological disasters on vegetation in Wolong National Natural Reserve were quantified. We obtained numerous relevant
findings. (1) The proportion of the areas where the NDVI greatly decreased after the earthquake is significantly larger than
before. Moreover, by using the trend-seasonal model and breakpoint detection method from the time series data, we
discovered that the NDVI curves fluctuated more obviously after the earthquake. (2) By performing a seasonal analysis on
the extreme values of NDVI time series, we determined that the increased extreme values mostly occurred in summer
because the vegetation cover during this season was the highest and also the most unstable one in a year. The second most
important season was autumn. Compared with the increased values, the decreased NDVI extreme values often emerged in
summer and spring. The results specified that the area with decreased NDVI data was the third highest when the Wenchuan
earthquake transpired. Nonetheless, the statistical results obtained from comparing the inter-annual difference were biased
because of the identified moderate cloud effect on NDVI data in 2007 and 2012. (3) The Wenchuan earthquake that
occurred on May 12, 2008 was an intra-continental shallow-focus earthquake, which extensively affected the environment
and areas surrounding Sichuan province. In this research, the data were also analyzed at land elevations where giant pandas
are most comfortable in (2600—2800 m) to quantify the influence of the earthquake and secondary geological disasters on
the habitat of the giant pandas. Accordingly, we realized that the extent of decreased NDVI extreme values remarkably
exceeded the instances of increased NDVI. Vegetation recovery in Wolong National Natural Reserve did not achieve an
expected level. Based on the above findings, the method introduced in this paper can be used to detect significant changes
in long-time NDVI data; however, it cannot identify whether the causative factor is a disastrous natural phenomenon (e.g.,
earthquake, fire, etc.) or a human activity (e.g., deforestation, urbanization, etc.). In future, we intend to apply our

method in a wider scope when data-intensive calculation technique is required.
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Fig. 1 Original NDVI curve and coefficients curve after continuous wavelet transform with different scale factors. The coefficient result

with smaller scale factor preserves more detail information, otherwise is smoother and represents longer time interval change trend.
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Table 2 The area of NDVI's extreme values greatly changed within Wolong National Natual Reserve before and after the earthquake

Aif ] Time WL/ 7N B Decreased/ km? BN/ B Increased/km?
7ZHI Before 379.5165 567.3429
)5 After 1656.5210 1468.6946
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Table 3 The area of NDVI's extreme values greatly decreased within Wolong National Natual Reserve before and after the earthquake

AW WRE Decreased amplitude
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252.6533
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Table 4 The area of NDVI's extreme values greatly increased within Wolong National Natual Reserve before and after the earthquake

WAEIG INIEE Increased amplitude R H/ I3 1. Before/km® WG/ IR After/km?
0—0.2 143.3920 273.6898
0.2—0.4 335.5115 714.1694
0.4—0.6 84.1462 417.0818
>0.6 4.2932 63.7536

3.2 EMREZRY AR DAEE B ) s A28k

PEBHBAZ AT (2008 4 5 A 2 H) S5H15E )5 (2008 4E 6 A 3 H) Wil MODIS Hi# 850 &, i+ R RT 5
FMEEZR Y AR XSO T 0.4 BIBEHEL BEHOF Y JE K BRI  BEHOER S mA B AL, T4
R 5, FRIRME 2 AW A A AT HE BT 0.4 193 R A 15 0, 1 b 52 i J A b 18 50K
T 0.4 IBEHRECN 4 A3 2 7 A BEHCE TR ARG /T —2F . BEFER AL LE A 0.0033 34 iM% 0.0055, BiHH .
i 5 15 R 11 2 Ak (A5 R I SR [ SRR DX R R A 35 5 W A 254 Jm AR T 78 Ak, R 32 2479 2 b
BN RS RGBT E T, R, S — R BEEDUE T 38 /Nl AR 4y i R R AR A B 2
S GEHEICHE T Sy b S T M DA R b R YR A T SRR i G X i DX AR P B R B Y T S

8 2o U B TR 9 /N i AR 38 i 1) R B0 2 P A 1 28 A, 5 SR 3R I AL 1 1 5 0/ 1 L R 2 2
KAEAE R Z | AR ZE A e 48 O (B D MBS N 88 — BT (06,38 7) o i X HE g Fs B0l (A
AL i BRAEG BEA T 0 AT BIF 9T, 5 R W . R M 72 2 AR 10 2008 4F | A Bl 18 BOM (R0 /0 (%) T FRAE M2 R I ) 10 4F
M JERJEVE F R R, RHEFESE =07, 0 TR 2007 4F 25 2012 4E 2 )5 (£ 8) , & Bl i 46 & &
PH.2007 4E55 33 K5 2012 4E45 273 REMBAEA X NDVI B 32 2= 5200 | TR A7 78 ) 31, (di15 2007 2012 4FA4H
B HE B AR D AR R A T IR 22

x5 BMEERFBARPRMERN.FEBIEHKRT 0.4 HBIRE  BHRER
Table 5 The number and area of patches where NDVI values were higher than 0.4 before and after the earthquake within Wolong National

Natural Reserve

it HIFZHT (2008 45 A 2 H) HIFZ)5 (2008 4E 6 A 3 H)
Statistical Data Before (2008.5.2) After (2008.6.3)
YA Average Perimeter /km 173.5102 94.8238
SEHIHF Average Area /km? 306.6797 160.4169

ST Total Area /km? 1226.7186 1283.3352

BEHAL Number of Patches 4 7

BEHH/ TR

Number of Patches/Area 0.0033 0.0055

®6 BMEERZEARPEEHBFEREENEZEESSTTHER

Table 6 The area of NDVI's extreme values in Wolong National Natural Reserve increased in different seasons

4y R4 BE/ K Elevation/m

Season 2000—2200 2200—2400 2400—2600 2600—2800 2800—3000 3000—3200 3200—3400  3400—3600
% Winter /km? 1.0733 3.8639 6.8691 8.3717 8.1570 9.2303 7.2984 1.9319
% Spring /km? 0.0000 0.2147 1.5026 3.0052 2.3612 1.2880 1.0733 0.0000
H Summer /km® 73.4133 86.9368 77.4918 75.7745 62.8950 47.6542 48.9422 71.9107
X Autumn /km? 9.4450 21.0365 31.5548 47.2249 69.3348 77.0625 77.9211 82.4289

T N4 ) A ATE /NI AR B 2 B4 R B SO B A R A2 AR D R B ] 4] 0 B AL 1
—IEHFSY . MR R YR AR TR U R R T R T AR X PN A AR, RO A T 0 EORG  H ) 27 Rk 2R K
i £ 851 f/IMEL I s 8] 5L B NDVVI 8 & A4 T 2080 F RS SRS ] B R4S NDVI B AE 2007 4FF1 2012
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Table 7 The area of NDVI's extreme values in Wolong National Natural Reserve decreased in different seasons

B MHR /K Elevation/m

Season 2000—2200  2200—2400  2400—2600 2600—2800  2800—3000  3000—3200  3200—3400  3400—3600
4 Winter /km? 2.3612 3.4345 4.0785 5.1518 10.3036 10.9476 8.5863 6.2251
# Spring /km? 29.1936 42.9317 42.9317 49.8008 47.2249 37.3506 29.4082 21.8952
& Summer /km? 48.7275 59.6751 56.4552 57.7432 56.0259 60.7484 72.1253 105.6121
Fk Autumn /km? 3.6492 6.0104 13.9528 21.6805 29.1936 26.1884 25.1151 22.5392

£8 BMEERZEARPEEHIEHRERD ENEEEEFHNER

Table 8 The area of NDVI's extreme values in Wolong National Natural Reserve decreased or increased in different years

2003 44.4343 39.0679 2008 209.2922 48.2982

2004 38.8532 319.6268 2009 61.6070 218.9518

2005 9.4450 165.0725 2010 33.4868 852.8389

2006 4.7225 30.4815 2011 90.8006 236.7685

2007 266.1768 12.8795 2012 1277.2191 112.0518
AR TR0 AR RIS a6 EN O ER
2SRRI B DR S TR AR e S : ' 7000m
S EAE 2007 AF S 2012 4EI I SOERETT IR IR
TEHA AR SR B ME T 2, 1 6 RURIFE 5 o
e F R G, F SRR X R % AR K ok 2 5000m
TRNL, 0 PONGA R ARG IR, R
2008 4FHITE S KA B R B T L D o
(1L 2006 RN 25% L) 1), WRRGEMERE RS E 3000m
SRR LI 18 7SI AR VE R SR Fi ke oo
SRR WK AC RS T o T K PN E Ty im S
FHIRIEE TS MR ICE T WM E R RTIK N S | 1000m
BB W AR, TR, % 0 thoeds i R T e 3 TAVIES A ..

102°50'00" 103°1000” 103°30'00"E

2008 415 RIEMTHE I 19 R, B B G AR 4P X 0 5 10 15km

N AR BEAE R AR AZ 15 DU AN BRAEL

3.3 RMEREZE AR XA 2 E S
R =22 W) b (IR 2 A M)

FAAERR B S (8] 5 v . e B e R 9 A AR DR3P XX

FEAE—AE LY DX Sk P, i e e e ) 25 [ AR

P KT RP- 7 1 g A2 4, N e % FH ASTER GDEM2

SRR R PR R RS S 38 o N R R A A B

B o6 FAMBFINRESBUEZEITNERBBEHREE
ERFEARPRERERINESEREIRIRLBELNXE

Fig. 6 The regions in Wolong National Natural Reservewhere
vegetation had a obvious degeneration before or after the
earthquake using the break points detection approach from time

series data

W AE AL A2 R A T 25 (8] B N AT GE it , N TIIAS 1 RN PR3 DXL A JOm (A8 b 9 2= i) 3l B0 A, 325, 6,
P 7 Rl e G DR R RO 5 IR AR /N A A AN TR) T e BE A T AR MRl ) T8 | R Sr TR B At
GRS BT AR S0 KRR T B A2 R EME AR DCOR BB I A A3, I SRR e i 4
PR IR« RN Foc il P AR AF IX B RS B — B R T 0.4, 7E 2600—2800 K i B2 BE , A #H8 BO (i v /0 &
KT 0.4 BFEH], & SRR 53% , R TAEPHR B ERE IR T 0.4 BIFEH, L S WA 34% (K 7) , #IP
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L (e JRE AR A R R A A 175 2l Y B B B I [N, B 0 0 v JBE B, e R R FEE b R 17 R BB A 15
VOB ERE ST, P SN Ak B, KRB I8 7 7E 1400—3600m 1Y U TG 3l A [ 44 e B 3 Bl P A
AR I ANTR] , DR AR 1 BRI 3 A vy 14y M B, e DR B i 325 B 1) 2, 2600—2800 K i Y BRI 431 4% fie
i, BRI, AT LA 1A g B B bR i & TR REAM (918 Sl AN A 472 1145 SRR WA Joedh B K RE A AR A7 11 X
Sl e B R AL K A N (3R 6,38 7,3 10) AHAIK Z ARBLIFAE B e AR 197K, REBEHE 4L
el D ) TR 7 S P 25K, R W N 1] 5 B g it DX A B3 il ‘B AR A7 DX S R R I 17 DL B AN AR E , 5 o
R RTEHBIAS  RPUE H PRI

R BREERFEARPEERBEENEFIRERZEESEMRHER

Table 9 The area of break points of NDVI time seriresoccurred in different years in Wolong National Natural Reserve

A5y Year MRV VA Area/km? 4B Year BV FHAHE Area/km?
2003 0 2008 422.6629
2004 356.1187 2009 424.5949
2005 317.4802 2010 582.7983
2006 336.7995 2011 874.9488

F10 BEERREARPEERBERERDREEFRNEESENER

Table 10 The area of decreased NDVI's extreme values occurred at different elevation in Wolong National Natural Reserve

8/ i W /K Elevation/m
Decreasedamplitude 2000—2200 2200—2400 2400—2600 2600—2800 2800—3000 3000—3200 3200—3400  3400—3600
/NF-0.6/km? 5.7958 10.5183 13.9528 18.2460 22.5392 18.0313 18.4606 20.1779
-0.6 — -0.4/km? 40.9998 55.1673 52.5914 52.8060 47.4396 44.6490 39.7119 48.0835
-0.4 — -0.2/km? 31.9841 42.7171 44.6490 55.8113 61.3924 59.8898 62.2510 76.8478
-0.2 — 0/km’ 5.1518 3.6492 6.2251 7.5131 11.3769 12.6649 14.8114 11.1623
B R4 XNDV Ll b5 F B 3 B AR AL P O8R4 X ND V13 A 8 5 35 2 s 4k
M<-06 M -06—04 &4-04—02 &-02—0 M0—02 M 02—04 w 0406 w06P) L
100 = | W | 100
80 80
60 60
40 40
20 20
0 0

400—3600

2000—2200
2200—2400
2400—2600
2600—2800
2800—3000
3000—3200
3200—3400
2000—2200
2200—2400
2400—2600
2600—2800
2800—3000
3000—3200
3200—3400
3400—3600

o
iR 5 B Elevation/m

7 BMEERZBAARFPEEREBREREESETL

Fig. 7 The extreme values changed at different elevations in Wolong National Natural Reserve

4 ZER5itie

AWFFE FEZ L MODIS 1 2003—2012 4EAE #5550 NDVI 7= 54 F ASTER GDEM2 BUF = BB A i A
B, XTI AR B B AE R B X 32 8] b R A7 R 3h 25 A8 ARSI %) 197 AN 2 334 ) 3% 12 o Bk g [
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KW A RO XA A AR BEATHESE . Lhermitte 55 TA K 5 H BRI 40 AR ) ik (an ol B oA
o) AHEL /N AR oA B EL A B, DR ORI A o o N T 5 T o i sz e s 10 7 370 S0 1) Sy i AR 1R, L
A L [ Bt S 3R 3L %o S 1A T 4 W 1 52 BN R B R A /N /N AR AR A A A S T 5 £
AR PR, T DA TR) A 22 B ) e 370 v A 90 sl e DA R ok S 357 30 %) B T A 20 el e B A /N B R
BTN (14 R S EUREE X st (] 3 8 00 1 48 (A8 S8 RN R 3R AR A 0 43425200 it EL 283 AR 38 5 B4 /N R
Bt R Re % 5 A EOULHE AR GG 50 i 0 s I 0, 1 i — 2D AR BBOR R BE) RUBE R AR5 2., DR Je s
10 45,230 B A ] )5 571 9 4 48 500 ND VI 38 3o /) I8 28 i e 460 S50 365K, P50 T e 0 0 23R B8 3R I 1 P AN [ A
AR, A5 20 A5 AR AR LA AR (B & A BB TR] A, e T2 S 2 WY b 7 X R DX P ) A e K T AR B I B R
T2 I Jr S DX A R R PR A2 A A AR S /N T R 1 FLAE AR I = AF R 5 | R P IR 0 ot ¢ 3 4
R HERE RV NG DI ANEAE  hy T ik — 20 o B A e SO A 1 255 RAEBRAB AL, 45 6 e 35— 2= 1y A s
(] )5 8] S8 SR BV AR/ R B e v AR Ak 5 R ST T 43 A J B 32 b DX B i 5 {22 Ak E R A
EE R, B2 e w5k 3 o = (A A B ] TR it AR A b i AR I 2R, R IR A SRR
DX rf I A REA 1) AT S b — | A S e ) AR DR R 1) 2B A7 A o B R ), R G AR SO X R 9P IX P R
FEN foe 3 EOATE 2 1R AR DX 3553 1 A LA e AE MR 5 B R A R 100, 245 SRR BH R4 =3 i Bt (2600—2800
K HE R B A I 5K T 0.4 B3 B R TAEGEFE BB i KT 0.4 93 L, SR B B2 AR B IER
IR B HAE A KOT 5 2 Ry S IR DGR PP it . A AR S % D7 ok B A AR BBk 2 117 J AT 1) F2 22284k
158, I AL 55 AR AR [R]E (HZ5 R b R 3 2008 AR IEAS R AL ORI X 1 AF B 4 B0 8 A2 1638 Bl B K ARy
LAY 2007 4 B 5 1Y 2012 AFAEBEHE B ALK T Hb R & A2 1 2008 4, 2R & B NDVI U 761X W 4F
Z AR A ) AR GE T AR S BRI A T A& A T2, DRI, 550 I o o A e i 5 (e A7
FEARH KA

AR ST/ NI AR e AR ] 3 41) | R il e RS rh bRk | 1 3 A e A B 20 2 Ak ) 5 R TR e
EI R A SR XA B IR AR AL, JUHIRAG T AR | R FIR AR S W o ] AR L 52 sl N 20 2 S e re AR 4k
HFIR SR WAk, BA AR A8 R X, B S T AR AR AL, S5 R e kR X
PSR F SR B G s N80 sh A5 H B R S AR AR PR 50K 3 1 R4 e it 2 T A8 £k -5 546 5 i A8 R 1) 1X 4355 T A
o TRV B R DX g L R P O 1 2 (] 3 R A AR R B IR A T 23K, S B B 8l A AR AR A T v R
B A A — T E A T AR,
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