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Formation and Vulnerability Analysis for Debris Flow Occurred on 20
August 2019 in Banzi Catchment, Wenchuan County, Sichuan Province,
China

LI Mingwei, TANG Chuan, CHEN Ming, GONG Lingfeng
(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology,

Sichuan 610059, China)

Abstract: On August 20, 2019, a large-scale mass landslide disaster occurred in Miansi, Sanjiang,
and Shuimo, Wenchuan County, Sichuan Province, causing a large number of casualties and huge
economic losses. This paper takes Banzi catchment in Miansi town as an example. Through interpreta-
tion and comparative analysis on remote sensing images before and after the 8.20 debris flow disaster,
and on account of rainfall data at different altitudes in the watershed acquired by radar, the cause of the
8.20 debris flow disaster in Banzi catchment was analyzed from the perspective of source and rainfall.
The FLO-2D numerical simulation method was used for analyzing and calculating the debris flow in-
tensity index, which is the key parameter for the characterization of the debris flow danger. Based on

the survey of typical building types in the Banzi catchment, a vulnerability curve was constructed to
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quantify the vulnerability strength of the affected body. The results show that the hazard and risk of de-

bris flow in the Wenchuan earthquake area are still at a high level. Therefore, the occurrence law and

risk of debris flow disaster in the strong earthquake area should be further explored to provide a scien-

tific reference for early warning and effective engineering measures.

Keywords: debris flow; formation analysis; FLLO-2D; vulnerability curve
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Fig.1 The disaster situation of Banzi catchment
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240



L3 25 N B R R BT A S M R A 5 R AT A
B8 A 5+12 SO 52 I L AR FA I, TR] B 2% A2 A A
WK E A AR RETAE T B W i iE s 5% . I
Hb, Py s b U8 A I A Y R A R R
P HICHE R o X 6 9 T v A A BIOHE AR W) A I TP
P Ml 2 A% B R 2 e ) T e B R el A I A BB A
P IR, TR EE 292 3 m (&l 3) o AE T il R ot 4
SR AW AT /N &7/ D SR L R Lr AL
LA (P Vb W) IR RS 2 5 22 34 KT A TR Y R AR
FUBSEIR 3, B 100 R A e A I K

e e -
(a) X G iR (b) RihMmE
&3 A AE IR /Y 1

Fig.3 Channel under erosion

22 MEWEH

DO RE XU A1 0 1 & A FBE A % VIO &R L2
S B B P I TR ok 3 R ek kAR 1R (B I B TR
QNI NI R S I L T 1o ol

AR B 7 i A, T e A A 7E 8 H 20 H %
J= 02:00 ZE A JF8f , W SR 05: 00 22 A7 S5 . AR 91 %
T 0 45 SR (1] 4) , 8 A 19 H ¥ J= 05: 00 #1141 4%
WA BT, 206 A & &7 21 h R REm
it 15.2 mm, B R 8D 5 22 S /0N I T R 1
i, Ve A g i 2 /NI R & R 12.7 mm, 8 H 20
H 05: 00 J /)N Bl [ TR ot 03 08 /N 2 2.4 mm, B i —
B RAROK O o AR 4 X L 43T, AR T I Ul AT I R

= 100
js) — RitmR E
AN B 4 80
= Bk
E 5 g
— 10F Wz 60 —~
& 40
< 5p B
20

O 8 216204 812160k 4 8 1216208
= (=]

m

2

2060
21H
2200

RfE) /b
P4 R AT A% T e BT 1) B T i
Fig.4 Rainfall in Banzi catchment before and after the out-
break of debris flow

T AL JE P Rk Y e A R AT BT W
RN T 5 R A, 22 S A I T K, A 58 AR
L R BRI AE T, AR A SR RIS i R
aob AR BN () 45 B, DR T B AR I v R VA 3 P T, T
e Ao

MR BN HE = R E R Ry A R R R LY
M - 16 A ) o7 e T A (L S) L FR AT A BAH L T
M 798 78 1 (g3 1 324 m) BT &, 153030 1 (3R
1627 m) W &5 Z 40, 353 1 (4K 2 206 m)
45300 EF R (R 3195 m) B K Tl Om &,
T 5% 336 13 N A (V4R 3 410 m) BT [ FR & 1%
INTFVR VR . A RN R WU A 24 h ) RO
1E 40~50 mm.

g - R R o O
H 484 476 =
= 44 ALl TN ]
d}g‘m' 4.09 :ﬁ%?_ﬂm -
& 508 m
% 30 T-E-i__ﬂﬂfri‘nmm
ERVERAT TR
20 B N L L " 4—1#1?%] f: {3195 m) 2
1 2 3 4 5 5-5430 7 b (3410 m) ;
B A [
E5 MFAE WS 8 A 19 H 18:00 % 8 H 20 H 18:00
Fl R

Fig.5 Cumulative rainfall from 18:00 on August 19 to 18:00
on August 20 at different monitoring points in Banzi

catchment

At 3 O A T e A L A R ) B R R A A
FAT A B v i A XA B A X 3 1 ROR, ELAE T
TR I8 S B 2 M DX B BE DY A #RER L R
0 Pl e it B2 o T 2 5 RSB It R AR U, R AR TR
PRV O 2 VA G BT G AR U . 9 AR I R 2 e
il 0 38 0 T S8 A 3 [) B AN DT s R 452 ok 4
B30 O AR, S BOHR R B0 AN 4 U 0 TR
A 8 ol RS A BT 38 K

e A7 3L I H B0 e A R 22 M i TR 2% 3 TR A
2 R Ferh My IR AN R T R A e A R
X AT 18 820 U8 A 3L K Y AR o A, FAT T A B
V5 R AR T8 8 AT Ui D 5 T 1AL A /0, T R T A7
T4 i v, DR T 7 o V4 M DX DR A B R B, B
AL AL A% 2E T e 2E 7 T ) BES Bl e A R A TR
AL VR U D R B R YA . AR
Ho = e, Bt A I ) A 45 22 9 AR DX I e A I 2K L A
i e 9 A LSBT RO Bl O FE B Ak O LA TR W)
RS 3l S Y R U8 TR, HTE AR B9 18 D AR A

241



R, T 5 2% e AT IR A BB ST, R R P A
WPUE TAR RS %

3 RAREBEESH

5 6 B 2 RAE UG A T A ) S B0 R K AR
SR R A e Ty ) S S
AR SCR M. Jakob 45 H (4 U A7 3 5 B 4R 4K
Ine (1pe = VP d) VR R Ul 1 3 1 IR 2 550400 1 ) B4 A
FIH J.S. O’ Brien %5 44 £ (1% I A 3 1 ik — 2 5018
ST AR FLO-2D , fif 5 3 Ak 3z 2 1% 32 1 7 72, 3K B
KAV b e Bl Bl D7 1] 8 S 2 B o RN IR o, ST
WLy, BiEFLO2D A MRS B %
A3 DX I ST 45 A B 3 Y AP 5 R AE L BT
WFLO 2D B S H WL 1, Horp, 2 7 REM
B AR 4 A 8 1 SEBR G B , 2% FLO-2D H P F 1t
(2009)#ff 5 24 0.1 5 [ A4 o vk B o 7 A1 i 3 350 4R
B ; 2 0 BH ) 2 R 3 AR T Ham i RS AL, S
i RS S R R o, B MR (E S
ABEFEEE R i T A 5 XU A U i 8l iE B
JE KT 10 m, BB 935 1% 10 < 10 A9 A% K/ 2 il
AR SCH B 7S T B EL AL el AR A, R R0 i

G EOAT AT IEw a7, N e 284 % ek
SEBRE ST B ALE BRE I IE ST, PR 10 m X 10
m A% [ KN o

®1 WTHFLO-2DEMEESH
Table 1 The main parameters for FLO-2D simulation of

Banzi catchment

ST B fE SR HfH
H& 9 K/ /m 10X10 | 2w REK 2285
BT R 0.1 a; 0.811
RRALLI ] /h 3 B 13.72
R Co 0.58 a, 0.004 62
W ILEy,/(tm™) 2.65 B 11.24

M T8 8220 Y A1 WL AR AU IX 38 42 K 24 6 km, e K
Bi 29400 mo AR SCHE L 25 301 O/ M B
S MR BT A DR T S 0 AR A5 ) DR 1A O A, 8 0
5 B 5 S B 2 30T 9 3 10w s A o AL U R
T Fl AR R 7.84 < 10" m®, AR L 45 SR A o 1 56 E
% B8 Christian Scheidl 25 4 H i 05 20, B 00K B 45
BQME R 1.26 , B R WER AT T F — 2
WFE o AT 9 3 B IX A B i 0 T 19 0 A 1 200 a1
6 B

Fig.6 The simulated intensity index I, of 8- 20 debris flow in Banzi catchment and the spatial distribution of damaged buildings

4 W55 H 2

Ty A0 B AR 9 FE 0F SR W) T AR 45 0 R

242

W 5t oy A58 oy 5 O3 A, R AU T A o A e A —
BB B . R T i A XU VA b R A E L DN R
FEEALAE T XS T BT R S S ik . AR SR
M-8 A A i R SR e B A S B R A R AR



Geit Oy K E A N 1) T 5 P A

AR SC LI 78 < 8207 U A i A BE A, At Xof it 7Y
Y AR A e A U v B RRAE 5 )= A2 i
H A R R A OC R L M 5 B vk i 2 . AR 5 R 3 0
BRSO A IR RS m R E AR
SCOKs A SR R R 2 A Sk T 4 R AR s R 2 R
1~2 )2 H 28 [ A7 B A T B4/ 52 Br 81 8 X B s =2
FE S S S Y A

MR 2019 45 10 A 8 H B &1 8 2 BUAT 19 B A 8
B, B9 DX A L R R A A S B O 484
25 ()7 B 4 A A 6 T o FE RGBSR Al L AR

SCRE - 1) R A AR A G AR 43 R e VD TR
AR AR R N S AR R (R K TINe ok 7
9%, A N AR ME A 4 0l <259, 2500~T75%,
>75% F1100% (£ 2),

7 AT R MR O L) A7 4 e B g Ok AR
GRS TS Al 2k S ST 11 i R g
PR o ARl T A oT 4 S A AR ) A R R A
Bt e A I 5 AR B e 1 AE A B AT G Weibull R
A3 e 5, B MATLAB 844804 G045 3 5
15 2, - 1 2 AR ) R A A SR 5 U8 A U R Y
FKERUTF .

x2 EHYMEER
Table 2 The levels of building loss

K55 P E X KA/ % E R TIPS
1 TV <25 AREE RAESEAF N TRV IR AR, AR AR EL R T R A A TR R IR
Il o 2 A B A 25~75  HOREHGA BRI, 3 AR R A H o S5 M L RE R I
Il TG 75~100  ERMIRAE SR R DRSS SR, Z A > 2000, EARSS MR DRk
I\ 58 A 100 AR RAEBIR 4000, 8BRS BUR > 2000, EIRGT BN D)k

R3 BHRABESHREAMENGRE

Table 3 Conversion of transcendental loss probability and loss probability

R EG (R R) D, D, D, D,
9 T VR T A 368 20 % 1—P._D, P_D,—P_D, P_D,—P_D; P_Ds
P D — 1 () WPEEEES . RSN, TR AT L 0
] L AL T T, — O, B3R A3 52 50458 1 ]
Rm:1+€¢mﬂmg (2)  BE. AHESTH 5 P M2 T Sk I I ) 26
. e U
P D,=— (3)

11 o 0BT 0

U7 F 7 A SR R A O AR R B e A O R
JEE A 354 Jon v 0, B 7 e U S R A T, B
J T B 1 % L SE A BIR o 32 5r R AE R R
TE 6 A7 L 58 JE 45 BRI 00 1, by J i B 1 B

1.0

— P D,
02F SR
o1k .- P D,

10" 10' 10'
L./ (m’ %)

P 7 BT AT I R A A S B B i
Fig.7 Vulnerability curve of buildings in debris flow based

on Banzi catchment

5 & g

(DN MR & T K a3 I, 13X Se A B
HERRE & I VEH T B W n i b iE 88 . fERE M
TV W 1) Ml 2 A2 A i 0 b o VR R VA T8 A7 5
R, B MR o X S YR VD i 5 R 4
BT Ve A T T AR, B R Ve A D R AR A T R Ok
Ui o AR, SZFET = RAGE R, R A I e A
TR Bl AU AR A B W R IR — P 2
M & A R AR e A i K % o

(2)FIFH FLO-2D 3R A4 T 8220 U6 A i i H -
He BURRAE , I 355 U8 A Ui 5 BE AR A Lo, S8 L T R A1
T SE B PE PR o AR U A AL S Lor e KA R
75.8 m’/s" BERIURE BEFE B R 1,26 U6 A I 5 B AR 4K

243



Top ARSI 0 T 0, rbol T R Y
TS T X B A 3 K

(3) LA 8+20 g 1~ 1) Y& A1 Uit < 5 K4k g BEAS , 18
o e SCHL AL SR ) AR AR R Oy | By B i 2 A
BT AT TR A U R S R T T R
%*@{%E@@’fﬁ%%?ﬁﬁﬁ‘ﬁl‘ﬁﬂo 12 A5 A0 AT
S PR A I A H E B KU PEAN o IR AT O i 5
1EE"""“%€FEEI’JEJ?J PEVEAG RS % T R S F 5
MR AR A TR 98 A U K AR R S AL 45 B AR L U8
A7 U 5 A B, S R RAR R By P AL,
J 22 KBS B AL VT A TR i AR A S

5% 2 B, O % DX e A 3t 19 BR AT R Mk &R
BIBHIK, ZEW = R T2 0, U A ik 3 S
5 Z AR L L D v L S A R R S, 5 R
Ve A Ui & A 1 i B B T A AR /N o AR S SR E T AR
o R — A R G AN IR 8.20 B K M U A i A rh
e A 3 It s ) S Bl R PR A3 BT L AR R X — AR 1Y
T PR K SR BT A AN TR BT A R i, IR B AR A
W 77 4

S %3k

[1] Sven F, Margreth K, Sergey S, et al. Spatiotemporal
dynamics: the need for an innovative approach in moun-
tain hazard risk management [J]. Natural Hazards,
2012, 68(3): 1217-1241.

(2] FEMS . ob [ Ll Hb 22 3 BF 58 0 o 5 2R f I 56 12 i ) 2 (1]

BELT]. R HE IR, 2014, 33(2): 145-152.
Cui P. Progress and prospects in research on mountain
hazards in China[J]. Progress in Geography, 2014, 33
(2): 145-152.(in Chinese)

(31 XA Ak . X S8 08 /3 it KUBS: BFAN BIF 52 [T]. A 98 9¢ 3 2%
i, 2000, 9(1): 54-61.

Liu X L. Regional risk assessment on debris flow [J].

Journal of Natural Disasters, 2000, 9(1) : 54-61. (in
Chinese)
[4] R Hig K EMROBISSHE[T]. ARKFH#

2, 1996, 5(4): 8-19.
Shi P J. Theory on disaster science and disaster dynam-
ics[J]. Journal of Natural Disasters, 1996, 5(4): 8-19.
(in Chinese)

(5] XA bk, B2, £/ T, 5 KR A i 5 1
(3] b BT 9CF 5 P if 24, 2001, 12(2): 7-12.
Liu X L,Mo D W,Wang X D, et al. Regional vulnera-
bility assessment of debris flows[J]. The Chinese Jour-
nal of Geological Hazard and Control, 2001, 12(2): 7-

244

[8]

[10]

[11]

[13]

12. (in Chinese)

Cutter S L., Boruff B J, Shirley W L. Social vulnerabili-
ty to environmental hazards[J]. Social Science Quarter-
ly, 2003, 84(2): 242-261.

FEN, 5K ZE AR 4G, 5 3T e A o LRI [T,
WE S, 2005, 20(2): 11-17.

Tang Ch, Zhang J, Zhou Ch H, et al. Vulnerability as-
sessment of urban debris flow hazard [J]. Journal of
Catastrophology. 2005, 20(2): 11-17. (in Chinese)
WA AR R @S S B AN O (D] bk
Blepat i, 2014, 27(11) : 1211-1220.

Zeng Ch. Analysis and assessment of methods to assess
vulnerability of building in debris flow hazard [J]. Ad-
vances in Earth Sciences, 2014, 27 (11) : 1211-1220.
(in Chinese)

B, FE bk AE L JET GIS 3R B A SR
%?ﬂ‘ﬁﬁ*ﬁﬁmﬁﬁﬁﬁﬁ[ 1. B Tk g AR 2 4
2012, 32(6): 748-753.

Dang X H, Wang X P, Du Y F, et al. Urban building
vulnerability analysis and application research based on
GIS technique [J]. Journal of Disaster Prevention and
Mitigation Engineering, 2012, 32 (6) : 748-753. (in
Chinese)

SR, XNWF, 2K T T B AR K A KUK Al ]
MR T (3], B 9 0k R TR % 4R, 2012, 32(2) -
176-180.

Zhang M Y, Liu Y, Yuan Y B. Research on integrated
risk evaluation on urban natural disaster [J]. Journal of
Disaster Prevention and Mitigation Engineering, 2012,
32(2): 176-180. (in Chinese)

W, N . R T ECE ALY U A TR A i U T
WLI]. b ERBL =38R, 2016, 31(10): 1047-1055.
Huang X, Tang Ch. Quantitative risk assessment of cat-
astrophic debris flows through numerical simulation[J].
Advances in Earth Science, 2016, 31(10): 1047-1055.
(in Chinese)

Papathoma-Kohle M, Keiler M, Totschnig R, et al.
Improvement of vulnerability curves using data from ex-
treme events: debris flow event in South Tyrol[J]. Nat-
2012, 64(3): 2083-2105.

Fuchs S, Heiss K, Hiibl J. Towards an empirical vul-

ural Hazards,

nerability function for use in debris flow risk assessment
[J]. Natural Hazards and FEarth System Sciences,
2007, 7(5): 495-506.

Quan Luna B, Blahut J, Van Westen C J, et al. The
application of numerical debris flow modelling for the
generation of physical vulnerability curves [J]. Natural
Hazards and Earth System Science, 2011, 11 (7) :



[15]

[16]

[17]

[18]

[20]

[21]

2047-2060.

Luna B Q, Jan B, Corrado C, et al. Physically based
dynamic run-out modelling for quantitative debris flow
risk assessment: a case study in Tresenda, northern Ita-
ly [J]. Environmental Earth Sciences, 2013, 72(3) :
645-661.

Eidsvig U M K, Papathoma-Koéhle M, Du J, et al.
Quantification of model uncertainty in debris flow vul-
nerability assessment[J]. Engineering Geology, 2014,
181: 15-26.

Chang M, Tang C, Van Asch T W J, et al. Hazard as-
sessment of debris flows in the Wenchuan earthquake-
stricken area, South West ChinalJ]. Landslides, 2017,
14(5): 1783-1792.

Peng S H, Lu S C. FLO-2D simulation of mudflow
caused by large landslide due to extremely heavy rainfall
in southeastern Taiwan during Typhoon Morakot [J].
Journal of Mountain Science, 2013, 10(2): 207-218.
Matthias J, Scott Mc D, Hamish W, et al. Debris-flow
simulations on Cheekye River, British Columbia [J].
Landslides, 2013, 10(6): 685-699.

Reinhold T, Walter S, Sven F. A quantitative vulnera-
bility function for fluvial sediment transport[J]. Natural
Hazards, 2010, 58(2): 681-703.

FEN, 205, T4, 88 SO RE IX M 75 414 8- 14745 K
Ve A i dE W A [T]. MR P O [ 3 BT R 22440
2011, 36(1): 172-180.

[22]

[23]

[25]

[26]

Tang Ch, Li W L,Ding J, et al. Field investigation and
research on giant debris flow on August 14, 2010 in
Yingxiu Town, Epicenter of Wenchuan Earthquake[J].
Earth Science-Journal of China University of Geoscienc-
es, 2011, 36(1): 172-180. (in Chinese)
SR JE DT 01 55 X T e A 3t A= 1 R T 1R AL,
KRR, 2013, 24(6) : 786-793.
Zhou W, Tang Ch. Rainfall thresholds for debris flows
occurrence in the Wenchuan earthquake area [J]. Ad-
vances in Water Science, 2013, 24 (6) : 786-793. (in
Chinese)
S BN TR AR AL . SO R X% T8 A IR T A
AELT]. AKEBR=3E R, 2012, 23(5) : 650-655.
Zhou W, Tang Ch, Zhou Ch H. Critical rainfall charac-
teristics for rainfall-induced debris flows in Wenchuan
earthquake affected areas [J]. Advances in Water Sci-
ence, 2012, 23(5): 650-655.
Jakob M, Stein D, Ulmi M. Vulnerability of buildings to
debris flow impact[J]. Natural Hazards, 2012, 60(2) :
241-261.
O'Brien J S, Julien P Y, Fullerton W T. Two-dimen-
sional water flood and mudflow simulation[J]. Journal
of Hydraulic Engineering, 1993, 119(2): 244-261.
Christian S, Dieter R. Empirical prediction of debris-
flow mobility and deposition on fans[J]. Earth Surface

Processes and Landforms, 2009, 35(2): 157-173.
(KL% . BANE)

245



