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Fig. 1  Schematic illustration of random forest method
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Fig.2 Location map of the study area
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Tab.2 Research data introduction
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770 1T i 36 %
THEE T
3000 35
2500 30
25
= 2000
£ )
& 1500
:;!% g 15
1000
500
0
BEHRK ®WHREK HHRK EHRK REHRE BEARE WHRK PHRK GHRE RICHRKE
(a) (b
FHEE IR TR RE
00000000 160
DDDDDD 140
000000 120
100
o 10 o
é 10¢ ﬁ E
et 60
40
20

BERERK ®WHEEK $PHEEK GHRX BESEX
()

0
BEHREK ®WHREK FHREK KHEX BESEX
(d)

Bs5 FEERARSEZRAFHE

Fig.5 The mean value of main factors in different susceptibility watersheds

Wk 0. 066, X & FHUE 5 , 5% XA Kk A
G T AT M R 3 WK AR U R e A T ) 4 R 1
BT R B e A i ik R, o
R TR R ( DTk 0. 073) et 1 R /K R A1 i 2 &
PERREI , B TRAK ) & X 2 01 5 b, A e
BN TR 4T, R R R R BT = TR S R IX T
WIFFE X RO Mo 5 ¢ 1K, M 5% B R X e A I oy
P A — e, A R VIR X 5341 /N ik 2 &
PR VRN SE R S & AT o TaRds
B (TTHRE 0.016) 540 ( Tk 0. 015) 5K
T 10 FERE ( DTHREE 0. 042) Sl T A 45 14 %
A g R, T2 AT RIEA RS A
FITF HARTFZE, Py BEX AL IG5, S B0 A A I 5T
B B RIREEIN T4, BFSE X N 26T Bl
ANES AL, TR N A B ( DTk 0. 037) LA H
I (TTERA 0. 027 ) 5 A& B (TR 0. 026) JL
TGHE 5 o1 Bk S B T A DX N 2R3 Sl e A i o
RMAFTER BIGE , FELZE R 7 A5 B 1
R 5 =LA R % i K il A5 TR U AR T
B 7] ot NN 87 £ ) A L SR e X
3.3.2 Gy kteortr

RGPS5 R B (] 6) iRk 5 & X 1 AR i
X, 4t 163 A~/ 48, 31882, 83 km®, [ A 5% X AT
F23.86% , by MR BAR B X3 3= 250 A TR X
AR S TR T ARTS T L)oo AR BT AR
TR AEBH T A Fr bR T R A X AR 2 & X H s
T 22.94% , FE 50 A0 TSR X PG &R, A0 45 B g T 7
L1 R s N TR 1Y sy g S R B S 1 i o]
A6ES 3l SR BIRAL XS, 45 R R, A5

DXPUNSEA g i 5 P X ek T BT RT3 35
RPERFIRI AT, GG RBNWI S, HR R
R RIX A A R K 5w AR B R KR
AL T R g D U 1| 2 3t e 9 MR S, P
RO Ll 3 BE, e 41 IE AR (2 4) o Al
I, DIk A 2204 T T L W R oA, DR X 3
HRR A S (DO LAl B K X A T X ) L e )=
BB , A7 AE R A UCAE L3 I T e A1 3 i 0 58
Ao BEOKTTTH, XN 20 2 4 BRI, &
Dyl VAT 5N o T3 AN IR AR S S
AR ISR AT ST oA, AR S MESS , K ik
PR, NS5 Y T VI 5, i XA A
IR, N0 Sl B2, G K H il A TR i
WA, R P TR AW AT, FIREZHEER
EFEERT , BT I w2 R /N A T
BEIXIR T RIS DX/ N R A1 I 5 Ak s TR
ik B RE S AT A A [ 23 A B B e P A, S BT
MR H G DX YR A U M I T T A A X
o

F4 FRESFRERAE
Tab.4 Classification of the debris flow

susceptibility and the ratio of study area

GIRMWAIK N TR km? TR L1/ %
WAl 5 & IX. 163 31882.83 23.86
&5 kX 119 20866. 84 15.61
h R IX 110 19196. 83 14.36
o R IX 173 31039.51 23.23
e 25 2 X 153 30655. 84 22.94
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Fig.6 Debris flow susceptibility mapping using random forest
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Debris Flows Susceptibility Assessment in Wenchuan
Earthquake Areas Based on Random Forest Algorithm Model

LIU Yongyao', DI Baofeng”™'*, ZHAN Yu', Stamatopoulos C. A.’

(1. Collage of Architecture & Environment, Sichuan University, Chengdu 610065, China;
2. Institute for Disaster Management and Reconstruction, Sichuan University, Chengdu 610207, China;

3. Stamatopoulos and Associates Co. and Hellenic Open University, 5 Isavron Sir, 11471 Athens, Greece)

Abstract; As debris flow is one of the major mountain disasters in China, the research on debris flow susceptibility
is of great significance for monitoring and risk management. With respect to debris flow susceptibility, identifying
the key variables and their relative importance are critical for developing warning systems and managing risk. This
paper focused on the most important variables and discussed the spatial characteristics of debris flow susceptibility
in the Wenchuan earthquake-hit area by using a machine learning algorithm (i. e. , random forest). Watershed was
selected as the basic assessment unit, accompanied with a multiple-factor index system, to model debris flow
susceptibility. The results of model evaluation showed adequate stability and accuracy, with the 10-fold cross-
validation average area-under-curve ( AUC) values of 0. 84, indicating the random forest model was suitable to
evaluate regional debris flow susceptibility. In this paper, on the basis of the change of AUC value, 35 of 63
evaluation indicators were preferred to form a susceptibility evaluation index system, and used to identify the main
control factors of debris flow susceptibility in the region. We found that the elevation difference, average slope,
landslide, and average rainy days played the most important role in determining the regional debris flow
susceptibility. The results of susceptibility assessment indicated that the highest susceptibility watersheds reached
22.94% , was mainly distributed in the western part of the study area. The spatial distributions of the debris flow
susceptibility displayed the high-susceptibility watersheds were highly coupled with the locations of the topographical
extreme belt, fault zone, seismic belt, and dry valleys. The regional debris flow susceptibility evaluated by the
random forest model developed in this study could be applied as a reference for regional-scale disaster susceptibility
assessment, and the results also reflected that machine learning algorithm could provide a new method and idea for

regional debris flows susceptibility assessment.

Key words: debris flow; susceptibility; random forest algorithm; key variables; Wenchuan earthquake



