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Monitoring the riparian vegetation cover after the Wenchuan earthquake along
the Minjiang River valley based on multi-temporal Landsat TM images: a case

study of the Yingxiu-Wenchuan section

XU Jiceng'?* , TANG Bin®,LU Tao" "
1 Chengdu Institute of Biology, Chinese Academy of Science, Chengdu 610041, China
2 Geosciences College, Chengdu University of Technology, Chengdu 610059, China

Abstract; Disturbances, especially large and infrequent disturbances are usually understood as events that disrupt the
equilibrium state of an ecosystem by producing abrupt changes in its structural and functional characteristics that may persist
for decades to centuries. Earthquake, as a typical catastrophic disturbance event, plays an important role in several
ecological processes by partially or completely removing the vegetation layer. The Wenchuan Earthquake (Richter scale 8)
on May 12, 2008 in southwestern China caused widespread ecosystem damages in Longmenshan area. It is important to
evaluate the natural vegetation recovery process and provide basic information on ecological aspects of the recovering
environment after the earthquake. To circumvent weather limits of remote sensing in the Wenchuan earthquake-hit areas and
to meet the need for regional observation analyses, three Landsat TM images pre- and post-earthquake in the Minjiang arid
valley were used for analysis. The post-earthquake vegetation cover values were compared to the pre-earthquake value to
determine the extent to which the vegetation was damaged in relation to the pre-earthquake pattern, and the rate of recovery
was evaluated. Spatial characteristics of vegetation loss and natural recovery pattern were analyzed in relation to elevation,

slope and aspect. Our study focused on the following four aspects: (1) to detect the changes in riparian vegetation cover at
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different stages of the Wenchuan earthquake sequence, (2) to analyze the difference/similarity in the spatial distribution
and recovery trajectories of the damaged vegetation under different geomorphological conditions, (3) to understand to what
extent does the vegetation cover reestablish after the earthquake and (4) to track the rate of post-earthquake vegetation
recovery. Results of this study indicated that the severely damaged sites occurred mainly within the range of 1100—1700m
elevation and on slopes of 25—55°. After three year of natural regeneration, 56. 20% of the destroyed areas were
recovered. Moreover, there is a good correlation between recovery rate and both slope and elevation, and the recovery
patterns are complicated in the damaged area. Our study showed that there was a high congruency between recovery rate and
both slope and elevation, and the recovery patterns were complicated. Our analyses provided very useful information for
decision-making and policy-planning in the arid valley of Minjiang River after the Wenchuan earthquake. Although the
natural recovery for the vegetation is a slow process, most of the earthquake-induced damages can be restored to their
original condition through natural succession. Thus, human assistance or disturbance may not be a good way to treat most of
the damaged areas of natural vegetation regrowth capability. To assist the natural succession or original vegetation recovery,
human interference and ecotechnology measures should only be introduced to areas where vegetation regrowth is difficult,

such as the areas with unstable surfaces.

Key Words: Wenchuan earthquake; spectral unmixing; riparian zone; vegetation recovery
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Table 1 Statistical RMSE of linear spectral unmixing analysis

AEA5y Year fe/ME Min FRAH Max F-HI{H Mean PRifE2E S. D.
2007 0.000000 0.080072 0.005988 0.004761
2008 0.000000 0.017745 0.002305 0.001806
2011 0.000000 0.097329 0.019488 0.015005
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Fig.2 The linear regression between GV fraction and NDVI derived from TM images in 2007, 2008 and 2011
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Table 2 The classification of the damage and recovery vegetation fraction

FR 2007—2008 4T3 $ 4 78 26 o IR AR i 2008—2011 4 S At Bl A 6 P 336 o o 2
Classification 2007—2008 GV fraction damage/% 2008—2011 GV fraction recovery/%
iR Low 10—30 0—30
HEE Medium 30—60 30—60
#i ¥ High 60—100 60—100

3 EREHH

3.1 MBI

OIMTEE SRR (B 3,3 4) , MR B0 1| — e 55 Bl 2 afy A B 19 B Az 3 IR B 2736. 61hm? , (AR5 X B,
IR 17.56% o Fer DA R BEAR B A2 o0 32, 3 AR 2181, 80hm? , 7 B2 5 TFR Y 79. 76% , H.
FE AR T A AR O | — W 75 B B 2 BTl 2 5 T BE A2 A e %) T AR EL A 20.24%

3 2P R T KL RZ I 1 W AT RS2 400 1 23 Rl A e . 7T LLUR B, 23K 74. 92% MR w32 it A v
I ATENEIR 1100—1700m Z [a] , #E4% 1100m LAF K 1700m LA 1A% 8% 52 35 160 A 25. 08% , Herh o 32 4t
e R P ) X e AR R R TR 4R 1300—1500m, T AR A 758, 52hm?  FL YR 4 A AR MR 1100—1300m , <2 31 1 FH
752.83hm*, HE B 25—55° 1 X [RLRAEHEAZ =200 X, 2 B AR S 2 B AR 82. 65% ., Hih Az i
W TR 1Y X B S A 35—45° 22 (8], (5 MR T AR 42. 89% 5 FLR SR AEIL B 25—35° 2 [A] (ML 32464, i 2
PR 21. 64% , RIS Bt 50% A2 400 & AR TR AR B AR R SR a3, HE v ZR SR k52 450 T AR
R, R 644. 03hm? , B SZ 8 EFRIR) 23. 53% ; HURSE AR r 3k, S 401 A R Sz 4 T AR 15.90%

R3 EHFHRIGERIKE H @B E S HEHE

Table 3 Proportion of vegetation damage in relation to elevation, slope and aspect with different gradient

3K Elevation i Slope 1] Aspect
e [l L 4] I [l 141 e [ Lt 451
Grade/m Area /hm?>  Percent /% Grade/(°) Area/hm>  Percent /%  Grade Area /hm® Percent/ %
851—1100 323.73 11.83 <15 139.05 5.08 It North 133.35 4.87
1100—1300 752.83 27.51 15—25 221.20 8.08 it Northeast 323.69 11.83
1300—1500 758.52 27.72 25—35 592.13 21.64 % East 644.03 23.53
1500—1700 538.99 19.70 35—45 1173. 64 42.89 ZXH5 Southeast 435.05 15.90
1700—1900 269.55 9.85 45—55 496.09 18.13 i South 263.21 9.62
1900—2380 92.98 3.40 >55 114.50 4.18 P RS Southwest 347.38 12.69
7§ West 411.25 15.03
Pt Northwest 178. 64 6.53

3.2 fHBEKE RN

SIMTEE R RIA (B 3,3 4) , 15 3a J5 (2011 4F ), BREZHT (2007 4F) M b, i 98 X ARE B T 56.20% ,
PR A 1538, 08hm?*, L DU B IGEE A AR B Pk &2 ok =, TRl 1496. S0hm®, 4 B34 52 1T X LL 4] 149
97.29% , MEAYKE LIk E R Z 0 BB 285 3a J5 CIEAIKIE | 784 X I 15 AR A H BE ; b A2 4
FIAEBE AR T 57.45% , FBE4E TP A 4 180 1| — W 55 B (1) 1 2= B ] s A v KR 1 LU AR 5. 33% , 4%
3.3 fHWE SHE R TR

R E— 2 T FR A A2 R XA R R AR AR A3 BT T AE DK R SR S R e R, R
5 AJHT R K R SRR AR 1100—1700m AP X 0], TR AL A 1198. 60 hm®, A7 BK & 1H ALY 77.93% , IF:
B AEWIR SRR 5 AR b 5 A G BIVHE A8 &7, R S S A, AR BRI & £ R AR AR RN T
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Fig.3 Spatial distribution of damaged vegetation between 2007—2008 and recovery pattern between 2008—2011
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Table 4 Statistics of classified vegetation damages and recovery status

2007—2008 4 2008—2011 4F .
s e AR R el WS .l B Vﬁgkﬁf d
GV fraction change ~ 2007—2008 GV Percent /% 2008—2011 GV Percent /% Percont/%
damage area/hm’ recovery area/hm’

R Low 0.1/0—0.3 553.82 20.24 690. 50 44.89 124.68

T Medium 0.3—0.6 1403. 02 51.27 806. 00 52.40 57.45

5 High 0.6—1 779.78 28.49 41.58 2.70 5.33

At Total 2736.61 100. 00 1538. 08 100.00 56.20

x5 HEHEHBESEENER
Table 5 Relationship between vegetation recovery and elevation
MRS 92/ RS e RS
54K/ m TR/ hm? GV Recovery Low Medium High
Elevation Area R /hm?> il % HR /hm? il % HiFL /hm® il % HiF /hm® el %
Area Percent Area Percent Area Percent Area Percent

851—1100 1403. 10 102. 82 7.33 59.98 58.34 41.63 40.49 1.21 1.18
1100—1300 2923. 83 387.00 13.24 166. 40 43.00 213.11 55.07 7.49 1.93
1300—1500 3859.38 469.99 12.18 201. 69 42.91 255.92 54.45 12.38 2.63
1500—1700 3248. 64 341.61 10.52 154.12 45.11 177.48 51.95 10.02 2.93
1700—1900 2587.50 172.97 6.68 80. 49 46.53 85.12 49.21 7.36 4.25
1900—2380 1561. 68 63.69 4.08 27.83 43.69 32.74 51.40 3.13 4.91

MR 6 AT AEHEIK R R A AR 25—55° 2 18], AR R 1291. 12hm?* , 7 SR THIFRAY 83.94% , JFH 48
BRI 5535 B 5 L TE AR DG o WP REANIFGE XU , 38 8 /N T 25 ° 14 DX, AR IR BE R A2 o =, AR B2 IR
DUARXT A 25 5 T3 R T 25 M DX by M T BER A oy 2 B I P8 A 348 R IR IR 5 L 4610 38 ¥ i /) T
TR K LB R

http ; //www. ecologica. cn



4972 JAE = 33 %
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Table 6 Relationship between vegetation recovery and slope

TEEARIZ REEPRSZ HEE IR L i BE IR O
YR/ (°) T A/ hm? GV Recovery Low Medium High

Slope Area EA /hm® L% mA /hm® /% A /hm® /% T /hm? il %
Area Percent Area Percent Area Percent Area Percent

<15 1782.9 61.48 3.45 33.47 54.45 27.10 44.08 0.90 1.47

15—25 1990. 44 117.15 5.89 56.98 48.64 58.04 49.54 2.13 1.82

25—35 4217.49 335.18 7.95 152.75 45.57 173.14 51.66 9.28 2.77

35—45 5659.2 671.16 11.86 301.31 44.89 353.67 52.70 16.18 2.41

45—55 1626.48 284.78 17.51 121.01 42.49 153.69 53.97 10.09 3.54

>55 307.62 68.34 22.22 24.99 36.56 40.37 59.07 2.99 4.37

M T IR B 6] T 55, AR A AR UK 2 T AR A, 36 363, 31hm? , LU AR F 3, T AR 273. 01hm?,
AL P 3 K P U3 B R SRR B AN | T2 B AR MRS o 325, Lol i D AR 9 o BEAR S o 32

R7T EHEHRESEEHXR

Table 7 Relationship between vegetation recovery and aspect

FERARIL fREZWAE HIERE 1o BRI A

| T A/ hm? GV Recovery Low Medium High
Aspect Area A /hm® /% A /hm® /% A /hm®  Hfl/% A /hm®  Hfl/ %

Area Percent Area Percent Area Percent Area Percent
4t North 1207.8 78.56 6.50 40.92 52.09 34.96 44.51 2.67 3.40
Z~t Northeast 1557. 81 191.34 12.28 71.44 37.34 109.97 57.47 9.93 5.19
7R Fast 2551.05 363.31 14.24 130.31 35.87 218.30 60.09 14.70 4.05
7R P Southeast 2056. 68 273.01 13.27 103. 83 38.03 159.56 58.45 9.62 3.52
T South 1304. 82 142.39 10.91 62.47 43.87 78.01 54.78 1.92 1.35
PiRg Southwest 1699.92 176.36 10.37 85.53 48.49 89.46 50.72 1.38 0.78
75 West 2966. 94 203.43 6.86 128.67 63.25 74.14 36.45 0.62 0.30
P4t Northwest 2215.8 109. 68 4.95 67.35 61.40 41.59 37.92 0.74 0.68

4 Zr5itie

AR5 30 3 LR AR G TR A AR AN 512 30 1| 5% i R VTI0) 23 BT e AR A T W, e e M e e 1 A% i
SRS AG IR A7 AR (R A Z T, Xt 3 ANHRT TV SR L6 o0 8 AR 90 78 26 158 20 M, 2% 90 IR e
ZANAT T4.92% KAAEEFR 1100—1700m 5, A7 82. 65% Hh T-H#F 25—55° 22 1], M 50% (5245143 A
TEARYE AR P AP ; HRR 3a i, VAR UL, SRR DK T 56.20% L rh Dirf AIRBEEREBEIKE S &

3 R R T SO W R B S R R TR B EE R R Y AR G A A 7 A e Ry B v A LS A T
Il o 1 R g R 9 B RS — T, AT TR AR ST 22 W 0 B8 20—50° 3 Bl 5 B 2 A2 W e 204 S AN T IE B b 7 )
TR AP Bl = DL e 0 7 2RI, ARG AR ST S5 1 8 S A EAE DG X S L SRR A5 R, X E
SRR A TRE I SR A3 AT, L DEM $HR AT SR R AT A . T SE B b 3R R B by TR A B A o K A
W, I 3 EE A A G AR /0N, DR IR AR 5 4 B R AE AR G IS O . AE IR R SR Sk
UG, P RE FR B Pk Bt VA 3 v R T 2 X, AP R s R E S A 2R, AR AR R S 3 1)
MR E XU A ST X R U5, 3 R T BT L P B2 %) o e 85 7 58 38 1

AHIGE TR B MG TE 20 85 (LSU) B AT R AR HE— 20 5Y . 1 5%, B2 TR D0 R #0218 Bk
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