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A case study on the susceptibility assessment of debris flows disasters
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Abstract: In response to the issues of inconsistent factor selection and limited training samples in debris flow factor-based
evaluation methods, this study proposed a prototypical network-based approach for assessing the susceptibility of valley debris
flow disasters. The method involves organizing the training data through meta-learning and calculating the prototype center for
each valley type, serving as a representative of that category. Subsequently, the distance between the features of unknown
samples and the prototype center of each class is computed to determine the probability of their classification. Based on the
category probabilities, the debris flow susceptibility index of the valley is calculated to obtain the evaluation grade for debris
flow susceptibility. The model was applied to evaluate the valleys in Nujiang Prefecture, and its results were compared with

historical disaster data, yielding a classification accuracy rate of 67.39%. The evaluation levels provided by the model align well
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with the severity of debris flow disasters in historical events. Compared to traditional methods such as field surveys and factor

evaluation, the method proposed in this paper allows for the rapid identification and evaluation of debris flow disaster areas

using remote sensing imagery, presenting new insights for research on early warning and prediction of debris flow disasters.

Keywords: debris flow; remote sensing image; few-shot learning; prototype network; susceptibility assessment

0 35

Ve A e —F 3 SR BT I, AR BT 22 1 IR Y
N EF RN 7= 2 4 i Il K fa o R VR A St 5 Bl
1B TAEGR T 20 120 60 4-4, 109 U6 A T T 53 4 5 5
Mo 58, 25 B S MBS A i A R B R T . R %
G0 2 b o R L b A O Y P BRI A, i T IR
R 1 2 600 T3 VA K EF oA S fake X R E . BRT A4
SEBTS H MG SR | R B PR R b
X YA P L, $2 T AR I A R R A iR
R Bt R R 1 & R, BT RS AL (DEM)
I3 BRI TP AR HU T A A DG A U b 3 2 R
YIRS T RN T S5 S8 AN, 38 0 3 78 4 1) 1
S R VR RN R W A5 DR F, {30 ) 248 FLO-2D
Debris2D. MatDEM S5 #4042 VA 43 1 e A1 T 8h 1 243
T2, BEAS BN B IA A SIS A Ve A TP L pL
FRIFHE P G T 1

J9 T RENE KT LA AT AP, K 7 X eam i I
K AR A BB R 53 SR /NI AT, G4 BROT e
AT AR IR T, 38 A AR 2 5T YA I TN 2R A
IR 52 J At 3 3 20 TN . 2% 25 AR PR IR < e
RV /NG BT 0 S B T S B L b | ik
RS 1A T, # S BRI A 20 e A 5 &
G3IK, IR TRV KA B . PINEE SR
L . W R 1) 45 9 AN RZ A R, ST AR )T L IX Y
NIRRT AT A I 5 BV . AT A
P T MU W IR R R = 2R A R T B 1, ik
HUH I 10 min P RBEE 55 . 6 h PR N 245 8 4
PR, A e [ 05 1) Oy ke kot Ul A i & A AR gk 4 7 il
M. Geitefn s B RE s AE X el R BE b b4 Fm, (B3
TSR VAR —, I H % 522 AR 4 5 T [R] - R A A
D7 AN, B VE M 25 R —, AR A HPE A 1
TR AERR I . oh T RIRE B 2L L BE R T I i A
PR N 45 [ 2 BUERMGRAAE (9 75 1k FH T b ST K
FRAR BN TR X A SRR UM
JeATIR V43 1Y) DEM [RIR , 1l ek 4 5k 22 ) 2% 27 ] [
PGAFFE, I A AR 1 43 2T . A%/ SR T IR
JiE 2% 21 J5 155 e A T HE B R 110 2 06 1 S AR A T

il

R, DL 3 2 e A B b . PR 42
> B R WA, T DX B E R R T
INFEAS TA] L, /INEEAR 27 ) (4 1 T TR e AR it /D i 2
G G SR B D B AR b, TV
AR ) N IR EMG A AR B T AL GG UM & M 45 8
IR . Tk A U R G AR R ) B AR D I E
T, R/ INEEAR 2 2] T AL G B A B 25 I 285 24
XL

ARSI A R P T, B BUR T i RS R
SR A I VA A BUHE B 1 R 3 T AR IR 4% (Prototypes
Net) VR /INEEAR 2 3] J7 30 J A e A I T8 A AR R
fEHE 722 2], IR T AR RIS WA T o) &
PEPEMY, 18 Bl ArcGIS B4R B 5508 45 5 VR4S R 0 gy
RAESF X AT AL

1 RXES SN HE

7 B A BT AR A v M2 4 I K A U8 A I fe ™
I (TH) 22—, ZETTH Hh Ak 2 B 44 P b R T L1 ke h
A X, KT AT B STl B2 SR SR
14 584.95 km®, M PR DT L, Al k. =04 11 ki
ElAEEIR iR R AN C AT DINE SN S/~ P AN N2
VL CFH BLJRS L) SETR VI A AT T, Tl A A e i —
M 350~ 45° FAFIK 60° ~ 70°, F% 2 B A A5 4F Ik AR
U K M AR SE RS, R 2022 4, AR CFID
e Rk FE D, o B 20K 69 iR AWK E
H i BEEA 67, EHAEED 245, PiIKTTE
423, 1950—2021 4, 48 51 B A AE I K A 3
3460 mm, sT10E 1632 mm, 22PEE 1550 mm, KT
2596 mm"7l, B R K L L ige A I R IR R K
HoAth PR 2R T80T 2V Ve A K T IR o BT
Hb PR A7 B FHIE A A L AN & 1 R .

e A Vi e J A A A A Ny R A P AR O R
(Google Earth)# JE&Z2 1%, HI&] 19 = B2 404 SRTM 2
HE, 23 18] 73 HF 2 30 m, & B 12 W B Landsat, Quick-
Bird, Spot 45 1% J& T2 $#2 1t . Google Earth #1454 £
B4 () R 25 (] 2R, 3l Tl DX 32 8] 40 R T 38 Tm, R
FEHB X AT 3K 2.5 ~ 5m, 3t 1 X AT 35 15 m"™, odE iy
PEWCR AL B AN B 2 PR, R AT S AR AR (DEM) 3R



2023 4E

R, TR = i LN T K B KA 5 X R <119 -

— R ¢
CO 8 () st
T
55128

B 738 0 15 30km
e E— |

B 1 I ENE S HER
Fig. 1 Geographical location and topographical distribution of
Nujiang Prefecture

HRURE 25 0 48 1R HE BEEA B, , e B S 1L £ 42 B Google
Earth 1% BB, 4 T P B VA4 R/ INRHE, B 3 I 3%
J 5+ B DEM L 3 38 47 8 R A, JT 4% B e K DEM
WA EG I RAT AT e A 3

frfifi FHAY Google Earth 3 /&A1 DEM %540 115 .
1R,

e A U AU SR AL IEREAS | SOREAS FIRE DT

AT, IEFEAS A 22 2 M R D ¢ AF 25 )T A G STtk
T 28 $i 38 v ARAS & A U8 A T LU A FIRE R BRORS ff b
4 AL FRTE Google Earth W5 & A= e A i 5 e T 1Y B
1] 53 HE AR HEA T VR A8 R . SOREAS Y 4 A i o AR
AR DT e PN RER R B R AR A AR B, R
B Wk 1 o B 0 AR B B R i LA TR T
£ RAWERRATINA 50 KA IEFEAR, KikA
P IR 42 F5AE R AR, FREM A AR 600 550

2 ETHREANEZIARRARRE S X MHITEMN
7k
2.1 WA NS LY R

FEF JE R W 45 119 1 5 e A0 U S & PR VEA TR D
3 fiw, AR FE RO AR | T A BRI, sl oy B
PEAERN 53 B T2 | BRI SRATI | 5 K MET
Mg o X, RN IR .

ST X B DEM., Google Earth 3% J8G% A%
AT S e Ay R, #e b —0 rh BRSO R, LAYA)
AW PE FTT, $EEUAS 2] Google Earth YA 437 e A1 Uit
GBI E RA R A X . R, FIEE AL S
WA BRI SE R M AR RRIE 25 57, LRI 43 M IE 17
FEARPI ISR, 78 2 RAAF 22 5 1) [R] B 1o 8 A5 70 A, R
S, e HE ) Jfe A7 i 1) B DR 0 4 AR O, O I f R
ARSI AR /NS T4 R/ K 325,001, 28
TIEFEAR, 3.4, 5 )8 THAEA, Qnigl 3 rhgid 5 1l 43 2
PR o LATG2E 2 I AL 4UIE Sk A I A
) JE R R 28 AR o R A T, 5 R AR YA A AR i A B

FFDEM & Fhf

= DEM

by

15

%

=)

s

—
A R

B 2 Google Earth i BEHEAIRENS &b 12

Fig. 2 Extraction and processing of Google Earth remote sensing data



- 120 - Hh [ M T KCE 5 B I A A 5 54

# 1 Google Earth i EfN DEM ##7E2
Table 1 Information on Google Earth remote sensing and DEM data

FAEIT RIS Google Earth DEM

AR Google Earth#{}: RS [ 5 2 http://www.gscloud.cn/home

Bl pER LA BT R A

ZE MR 2~ 15 migSDEMRFE 30 m ASTER GDEM V27 F A 520m, 7K-FH5E£30m
BiRIEE 3 1

i P TR 5 K A s 18] 5 BT I 1R) 43 BRGSO AR BT 2 Bopnd k% 201541 H 6 H &4 i ASTER GDEM V2jiiiAs

1 B L TR

MRS (DEM) o ¥ |
‘Google Earth &@Z%Tﬁ o8 8 ‘ | 0TS AP HUA 7, ‘
icEsE N o ""

AR | pkﬂ/n\«AJ//rh Lk ‘

| = - BB |
A = - /
o \ 2 R v
~N
| BAESER] L 25 R
[(————4 ‘
| e | ek |
| — |
-« ) .
; A | & | FEA
: \
| — ‘ |
L il | FEPPANREA
( - Y, (
. LT T T T e s e e ~ .
] AR AN ) L 5y BAEE L
SR | — =
\ ¥, X‘Hﬁ Metric learning© | e : 2 : 4 s | mm \
ﬁiﬁi Q%%“‘ ‘Zﬁlﬁ"?TZ e Temm 1

05634 | 01057 | 0.0062 | 00019 | 00094 | 00133 0.6634
Ii. o I C‘kl:(nc L—V 03155 | 0802 | 00024 | DOS03 | 04139 | 00038 | 05042 L—V‘
. L) egge, | \ BEIIER PERAK | \
Mg ] [1, -0.7607] ERER '

‘ E| N S | (0.7607, 0] BIEREK o
I ‘ (0, 0.6036] BEE ‘

L OEE oo L (003, 08288) SEREK o
( o (0.8288, 1) BREE ' (
. 0as[00s[o2s » ~/ i

B3 BETERIMEHNGERARSZIETNRE

Fig. 3 Chartflow of susceptibility assessment of debris flow based on prototype networks
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Fig. 6 Distribution of the valley elevation difference, valley length, area, and slope ratio in the debris flow susceptibility zone in Nujiang prefecture
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Table 6 Probability and susceptibility index of four debris flow valleys with prototype networks
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Table 7 Probability and susceptibility index of four debris flow valleys with factor analysis methods
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Table 8 Factors analysis of geomorphological and material conditions of four debris flow valleys
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