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ABSTRACT

This study used RAMMS software to simulate the submerged areas of debris flow events and estimated
the corresponding risk values. First, the parameters used in RAMMS were calibrated based on the
typhoon Hebert event and the heavy rain event in 2012. We then simulated the landslide evens with
various scales occurring in the upstream, middle reach, and downstream watershed area and observed
the changes of the submerged areas. According to submerged depth, we delimited red and yellow haz-
ard zones. Furthermore, vulnerability analysis was conducted, and the unit area values of six types of
elements at risk were employed to estimate the risk values of debris flow disasters. The results showed
that the large-scale landslide events collapsed in the upstream resulted in the greatest risk values, reach-
ing about NTD 260 million and NTD 190 million, respectively when using the parameters of these two
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historical events. Finally, sensitivity analysis showed that the DEM precision has the greatest influence
on risk values, ranging from NTD 0 to NTD 900 million; and the dry-Coulomb friction coefficient has
the least influence on risk values, ranging from NTD 40 million to NTD 80 million.
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Figure 1 The location of the study area
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Figure 2 Research flowchart

1. RAMMS &8

RAMMS {4 DA Voellmy-Salm 5 = /F F 3
HmELEE (Salm, 1993; Voellmy, 1955) - I =4
PERE LSO ENIARTE HX, y, ) R
& Uy, OfF Rt BEE - HEESFR TR

()
dH + 0, (HU,) + 9, (HUy) = Q(x,y,0) @

HFQ (X y, ) [m/s] HEEAR - Q>0
T8 Ry lEIRlR © 5Q<0 > Fl RyMERTR o (AL F

2775

HEhE R TREAWQ) ~ G)z -

3¢(HU,) + 04 (c,HU, + g kaH? /2) +
p

ay(HUny) = ng — Sgx 2
0y(HUy) + dy(cyHU, + g,kaH? /2) +
P
0x(HUxUy) = Sgy — Sgy ©)

Hrpey ~ ¢y RDEMZ IR T 5 Kayp s TR
{%%/Z ; ng N Sgy%%ﬁﬂD%EIﬁ 3 Sex Sfy/j%@
o

RAMMST5 s o F S A 2 81 51



K T {RErEE 7 51 (2): 2771-2788 (2021)

Journal of Soil and Water Conservation, 51 (2): 2771-2788 (2021)

Ry RZ IR e i P2 (A B () B R AR AR B ( £ )
R R R AR PRI A B () T 2 2 - RS B E
F M EZHE A 20.05F0.4(WSL Institute for
Snow and Avalanche Research SLF, 2015) > &]
RIZEENEN 2 A a Frs 2 tan a [ER 5
FOIRE MR GBI (W E - Htana E>04 > A
LLO.4 Rz R E M R A B (W) E - MRS (R
H( &) F o B AR B AR ] > T sk
B 71 > 100 % 1000 2~ f& (WSL Institute for
Snow and Avalanche Research SLF, 2015) » 100
% 2000 S FERLIRTAS > 20048 1000 4
RN & E MG - i RAMMSE H $AH
TR > PHRIEEE R BERS RSN - R A& oy
SASHIE RS - R R EE S H L ET
PRRENRAME LS - FRIRIE S (vy) B 2
BERERS Z R % - FHEERENR0E
2000(WSL Institute for Snow and Avalanche
Research SLF, 2015) -

2. BRI EFECUE

ARE R Schraml et al. (2015)FfE
EITAFEME T T S B AR - Sy it R
A i R LR A ) A R A T (A ) ~ AR
A (B B P2 B 2 A (Ay) Rk
PR R HiE 2 HTE(A,) IR
AL HTE (Aobservea) T HITFEla ~ B~ v =fH
FRRE@G)~(M ) » #FILEHE S EEEOUE

o

’

(Q) AE)R) > & QELFFITL > S R
e -

a = Ay/Agbserved ®)
B = Ay/Aobserved 6)
Y = Az /Aobserved @)
Q=a-B-y ®
3. EEIh
A BESH
fEF T HF FHRAMMSEUES - AREEAT

FEEEDEM -~ [N & B S IR R B (R B
(1)~ FREEGE(E)FESE BEUESA
A R KIS A FRERPTIE AR MR R
AR R SRR - IR TR B E
TE R GERRE - A ERFEA R (D)
BBV ETREEEEE - ARy
Fo3{ B2l i b EE F 4k > AFRIFTR (BRAE B
FA 0 2009) - AHFFESHIFRL BIEFRELE > &
ERREE QR E R JARIAEE - (RIR
FREEINISN R Ry — i - INIE LA 7082
I N S AR HERR S 1.5 OB 57 > &y
HarEkRE - mOEkE - SRS
MRLSAR - RIFSRESY) 2 FE G R B 1R
& EHREERNLAR » (AR
JEZ AR (L) -

.
A
B

* 1 tafGknE s LR
Table 1 Comparison for the criteria of hazard zones of debris flows
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Table 3 Similar value of submerged area of the heavy rain event in 2012
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Figure 3 Quantitative analysis of the increased percentage of submerged area for parameters based on
the heavy rain event in 2012 (a) dry-Coulomb friction coefficient( 12 ), (b) turbulent friction coeffi-

cient(£), (c) DEM, (d) yield stress( Ty)
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Figure 7 Risk maps of the debris flow disasters
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Figure 8 The risk values of the debris flow disasters
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Figure 9 The risk values for parameters based on the heavy rain event in 2012 (a) dry-Coulomb fric-
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