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Fig. 1 Location and geomorphology of the Cutougou

valley, Wenchuan county, China
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Tab.1 Topographical data of the Cutougou valley and its branches

R T AL/ km? FEHK/km LB/ %o AR R/ m K2 /m
DF1 3.69 2.95 457 1571 1392
DF2 1.95 1.83 628 2020 1214
DF3 2.79 2.58 544 2104 1836
DF4 3.15 2.45 539 2029 1311
DF5 1.51 2.09 637 1819 1544
DF6 1.18 1.61 686 1721 1342
Al 3 T AT WAL 7.32 - - - -
4V d 21.59 5.44 312 1188 2752
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Tab.2  Acquisition of remote sensing images
ot 4 Fr Bt R 2 Kt 2l BRI (8] RITT
ALOS PALSAR 12.5 m DEM ¥4 2011 https://search. asf. alaska. edu/
Landsat 4 30 m 2007 - 09
TAMLALIA S 1.0~2.5m 2008 - 05—2008 - 07
TN ARG + Worldview 2 1.0~2.5m 2011 -04 F R BUE RS AL
TEAHUAAHFEAR + Pleiades 0.5~2.0m TR 2013 -04 T S A R 2 R AR E SCRk[23 ],
Spot 6 1.5 m 2015 — 04 https://doi. org/10. 5281/zenodo. 1405489
Spot 6 3.0 m 2017 -04
Spot 6 3.0 m 2018 -04
Sentinel-2 10 m 2017 -09
Sentinel-2 10 m 2019 -09
S 2 https : // earthexplorer. usgs. gov/

Sentinel-2 10 m 2020 - 11
Sentinel-2 10 m 2021 -02
w2 1.0m &R B 2020 - 02 Jb B 7 Tl A B w i 3K
TP AR 0.1m DSM %4 2021 -03 PPN IR S N

DL A P ] 2 AR AR 3 A, S 2 ST TR o R
T ALY 66. 1% , Hov 3094 DF1 DF3 FiIl DF4 [
U K, o IR T BLAY 40. 0% o BT A 329 v 22 4
i 1500 m, HER DFL 8k 4% 338 1 L BE 34 7E 500%0
DL b, 3236 oA E U ) 0 2 in 3 R R S0 A 9 A b
25y 388 5 A TR IS ) 9 N AR D A 2
2.2 ZRREARBRAEHEREZLRSE

AR SCRE IO A = e A i & R R R = H Y
GPM ( Global Precipitation Measurement ) [& T 4% 4
(&) F g 18] 30 min, K§ B 0. 1° x 0. 1°) , A58 ¥ A1 IR

RATE R RER AR . REL GPM B4l J5 , 4 H DL
AT HE AR E i (UTC) % 4y b 5t i) 6], 5 5
Arcgis10. 5 B 4b 35 0 0BT 76 A7 B A A A% O 90 ok
AR, FF LA 2 h Dy — B B o R 4R O 22 6T, AH G [ T
ZERME 2 s o

PN YD) AR E TR e QI R ¥2
HIE RIRETT A & LU R B e AR & S H 0 B
24 [ M TR SR E, 2013 4E 2019 4F F1 2020 4
35K 140. 66 94. 34 il 48.78 mm, 4 H & & &
LB B T R B, Y M U A IR 1 B N B R R S




372 il % i 40 % 3 M
“ [ =2013$2 hﬁ%ﬁ% —2013$§t§‘§ﬁﬂ§§: 200
- EE20194E2 h AR R —— 20194F Bil[4RT i FETRET TR
2020472 h T B 20204 2 11 6 Bt RANRERMH IEEM%&JW |
40 —160
E | | VAR R H | VA RE AR H c
30 | 4120 £
E i
S 20 80 +
i
40
0
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

2 ZRERARME=ZBEREE

Fig.2  Precipitation of three days before and after three debris flow occurrences
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Fig.3  Graphical variation in storages of landslide sediments in the Cutougou valley;

(a) 2007—2008; (b) 2008—2011; (¢) 2011—2013; (d) 2013—2015; (e) 2015—2019; (f) 2019—2021

P T AR IR AT 40 28 OF 43 T O T T AR A i 1R
AR 3 R, mARAS AL AN 4 s, T 2015
AE 55 2017 41 2018 4F [ fift 19t 45 AR Ak i /s (4 3
HFASfL/NTF 0.06 km®) |, H 7F 2013 4 9 J]—2019
AR Tk BB e O JC e A TR R H R A BT LA
2015 SRR A R HHE 5 2019 48 9 J il 45 2R
R o
2.3.3 Yl Ok K A

VR RN R RS AN EETR., X
T o AR R TR A AR TR L AR
PE AR BCTE B 2 AT 2 R A T Y B
T A A SEAT T 38 B XA ] b X7 3 R AN —
RSN S AR ER HEMK 75X
Fan'*' % Guzzetti’™ 25 Larsen ™' 2§l Tang "’ %
FF 4 0 R 238 A I, & BT T[] — 45 98 A T A 3
SRR AN 4100 1 m® Db, RS E R
23 AN X T EE Y HE R P e o

W FE X AT RE A & BCA b T g R
2R i A R ORS o K 2 T e IRUXE HLOAS SE B
90 B BF S £ 1 S T AR 6 1Y

T PR T N 3, T 3 R F 9T X 24t e 3 i A
R Z B H8 50, R TR A I AR IR, 1T
V = ad” (1)
A, VO R AR ARRL (10° m®) 5 A W IR I B
(m®) 5o N AR-RBUE TE R By 3 Ik AL AR
ZIFER AR ALK o By — AR,
Larsen ™ ZE 04 1 4231 /S JLAT B i, )
S Ak 5 5 T S B 4 A X BT AR LL 451 G
FedilaE T AR () sy BTSN, B A7 i 3 56
IS Pl 92 o (AR SEBRAE AR 3K 1 B e 0E AT
G & B, A3 2008 AR5 Sk VA F 0 9 R D7 ik g
ik 2480 77 m® X HHEERR AR A B0 M X 5
BT SR G L U Y DX At 8 A I 9
TR BB AR R s
TE X 5 3 T 14 % 5 o, T4 224 40 A i) U 24 1108
J7om® S5 HAR 25 B iG, AT AL Larsen B35 R AE
Sk Y O PR R O R o R AR SR A BN - T
BN PR /N WA
Vo= 2.1324"%¢ (2)
08 2 A % 1 M X 2 4% U8 AT VA N Y



374

40 % 3

SR PE AT 1005 A5 SR T O X
BRI . AR U 5k 2 50 (2) X ik =k i
PN A% 328 B AR I R R R AT OB A OGO B A
W3,
2.3.4 WAL B

i 2 1A 3 R LA H ) M AR R M R T T 2
F4 R B A 3 Sl 1, LA MR A AR P 2

AR MR Z AT LT B R TR I R PR A L LT
PN BT A Mg 58 ) R O AR AE 2008 AR5 A . TR
R ZJE M T 4F N (2008—2015 4F) L DF3 Al
DF4 Sy A3 59 3278 N B i T R T AR 7 AR A0 5K
JX W 2% 338 7E 2008—2011 A i jif 3 1A Th7 AR R sk
A BAE 2011—2013 AR5 ORI o 7 38 A 1 A
NN NG O NS [ ) P B A

Ny S ¥ > [SSg:=Y N (=1 it ==
TR S A 2 0 %, X B 2007—2008 4F (1] 1) SRR M AR A AU A P LR AN RS E (AR 2 AR R
- - bR
@1roor - - AR (b) 040
.. o, A HME .
075} S TeTT e 0.30F )
o ’ o o
& ;. . g p .
= 050F ° R 0200 4
= 025} £ _.-m = N e A A
PR s 0.10}F > Z .
/ ‘- - -l ---A__~ __A . N
U 3 A - K T NS - m
oo &4 - TS et
oV YR CAPN /A o N> 0\9 W
'L“Q’I/ 00%/7' \/7' 0\—5/7' 5/7'10\ Y 2001/ 00%/7' \/7' 0\3/7' 5/2’2 A
4 EH
(¢) 1.00 @ 1.00
.0 g K J
-7 A
A I S e
LA ee ° 075 [ S o
g L /,, ;E< !
g 050 K % 050t /
A
= 025 e /
2 A 0.25F 3 R A
S el A oA S ey -
0.00F ™~ r“‘i--:;r/-—-“‘--- ooob W AT TTm-e ~4
Q0% Ho\) oV V2 o9 WA \\ NE 15 NS W
L N\ e 110‘3/12 A5 200 100%/ 10\‘/ 10\"’/11 5/11 o
A i
()0.407 ®
e 020} A . __
A - ---®----9---@-" /. TTe---e----a
030} . ; =
K 0.15F ; S
E o E /!
o 0.20+ ; = 0.10f "
Sowp = oosp -
/ A / ""‘> A-TA A
000k .’____‘_-,:1:_‘;4;_»—!" A 0.00f W----m7 L
NS SN\ S WA NS SIS\ S WA
,IQQ"/ 7‘@0%/17‘0\\/210\'5/’17’0\5/22 9 7‘ ,1001/ QQ%/’l,lQ\\/ 10\3/17‘0\5/12 9 l
Ay Ty
(g)2.001 (h) 6.00
A A
150+ ... 450} > - e
= S e u % e o---
= v i &
= 100} 4 ‘o----® = 3.00F
& ‘ = ‘
n y
0s0f /N N 1.50F
i \ £ i 3
h _-m_ __A ) /) LA
I Sy e . . ! /,’/—-»—l‘:\A;;' n
0.00f m-"" A - --m 0.00F ®- u
> 2\ \3 15 19 0\ ) \\ \3 \6 \‘) PAY
S\ NI\ I\ SR TN S\ A\ NI\ I\ S\ 7.0 g\
1001/ 100%/ 10\\/ 10\3/ 10\5/ 10\()/ 7‘0“1/ 100%/ 7—0\\/ 7‘0\3/ 5/
A A
B4 HFLARBAESZAMERRTHE:
(a)DF1; (b)DF2; (c¢)DF3; (d)DF4; (e)DF5; (£)DF6; (g) HABB PR A ; (h) 42l
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Tab.3 Estimated storage of landslide sediments in the Cutougou valley obtained in terms of interpretation of each year
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Fig.5 Images of debris flow fans took at gully mouths: (a) aerial panorama of debris flow fan at gully mouth;

(b) images took at gully mouth and its interpretation for each occurrence; (¢) cross section of debris flow fan;

(d) diagram of cross section of debris flow fan; (e) length scale
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Tab.4  Specific data of the Cutougou valley obtained according

to the calculation method of Chang et al. [1°!
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Fig.6  Schematic diagram of debris flow fan at gully mouth of the Cutougou valley: (a) schematic diagram of debris flow fan at gully mouth;

(b) the vertical view of debris flow fan at gully mouth; (c¢) profile I—I in Fig. b; (d) profile II—II in Fig. b
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Fig.8 Linear fitting results of three episode of debris flow
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Tab.5 Detailed data of three episode of debris flows in the Cutougou valley
oy A WOHERR R LR /m A FHRBANAE WA H/m FRE/MS,/m?  FIRHEHA S, /m* il e/ (10" m®)
2013 -07 - 10 6.3 T(i=1) 6.3 32521 7068 11.50
2019 -08 -20 4.7 Hi(i=2) 11.0 38 944 7638 11.91
2020 -08 - 17 4.1 F(i=3) 15.1 41962 8067 11.04
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Tab.6 Summary of calculation results of debris flow dynamic parameters
4 ffy WY 1./ % BRI H,/m n, ! Wk V,/(m-s") Wik 77 8/ (kPa)
2013 8.89 6.3 10.0 10.18 190.21
2019 8.89 4.7 10.2 8.54 133.90
2020 8.89 4.1 10.3 7.87 113.80
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Abstract: Massive landslide mass ( sediments) generated by the Wenchuan Earthquake are constantly evolving
dynamically, typically for years providing a rich source of loose geo-materials for debris flow motivation, resulting in
group-occurring of post-shock debris flows. It is quite necessary in science to analyze the temporal and spatial
patterns of these landslide mass ( sediment) in the post-shock areas and determine their geophysical association with
debris flow scale (the amount of debris flow discharges) , undoubtedly by which it can provide scientific basis for
evaluation of long-term effects of post-quake geohazard chain, as well as for policymaking of post-shock geohazard
control. Research on calculation of the amount of debris flow discharges was mostly estimated based on the
accumulation formed by a single debris flow or multiple debris flows; there was still a lack of research using remote
sensing technology and field survey to determine it. In this study, the Cutougou valley lied in the quake-hit area
was selected as research target. Research approaches, including field investigation, remote sensing interpretation
and improved numerical calculation were combined to investigate the dynamic variation of the landslide mass
conformation in the valley, and the association between the change of sediment storages in the gully with multiple
debris flow discharges. Following facts are obtained: (1) The storage of landslide mass in lower branch of the
Cutougou valley had decreased after debris flow events in 2013 while in the upper branch there were noticeable

increments in sediments after debris flow events in 2019. (2) There was a certain linear relationship between the
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storage of landslide mass and debris flow discharges; and the total amount of debris flow discharges accounted for
less than 5% of the total storage of landslide mass, still abundant sediments to be remained in the gully. (3) The
retaining capacity of check dam decreased year by year, so it is necessary to dredge the dam continually; and
consequent prevention and control measures are expected to be added to the upper branch of the valley. This study
is beneficial to knowledge updating on the evolution characteristics of landslide sediments in quake-hit areas and its
influence on post-shock debris flow risk, and it provides theoretical guidance for optimizing site selection of debris

flow disaster prevention project.
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