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An algorithm for plausibly estimating the amount
of landslide mass and its traveling path
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Each output time (sce) 3
deltaO(friction angle of solid phase) 16
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Numerical Example (Two-Phase Model, Tai et al, 2019, JGR)
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(Tai et al., 2020, Frontiers in Earth Science)
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ieloslized Surts

In section 2, we present the copstructon

In section 2, we present the construction of
curved surface, which consists of the formulati
ICS (section 2.1), the regressed geometrical characteristics
(section 2.2), and the procedure of determining the unique
ICS (section 2.3). The training data of the 45 landslides are
collected and listed in Appendix A, while their locations in
Taiwan are depicted in Appendix B. The application of the
method to the 2009 Hsiaolin Landslide is given in section 3,
where the differences of the results computed with the ICS
and FS are detailed. The data of the discrepancy evolutions are
given in Appendix C. At last, the e great applicat potential of

2. IDEALIZED SURFACE FOR FAILURE
SURFACE

2.1. Idealized Curved Surface

In Geographic Information System (GIS), the terrain data are
generally provided in a Cartesian coordinate system. In the
present study, we set the xy-plane on the horizontal plane and the
z-axis accounting for the elevation. Consider a specific surface, of
which the curvature in the principal direction (x-axis) reads &,
and the curvature in the | | direction (y-axis) is . A di

to the differential geometry (Bronstein et al., 1996), the surfu:
elevation z and these curvatures are related by

#z #z
x;zcjﬁ. x,:Cjﬁv [§]
where € = [1+@zaP)? ad ¢ =
{1+ (@272} ™%, respectively.

As shown in Figure 1A, line 57p; stands for the main (down-
slope) axis of the failure area on the slope with py and p; the upper

and lower points, respec e P is perpendicular to the
vertical section of pypz and vertically above the midpoint of p1pz.
The idealized curve pyp; below Fips is indicated by the thick line
in Figure 1B, in which L is the length of 553, angle # represents
the inclination angle of 177 to the horizon. In Figure 1B, pr,
denotes the midpoint of p1ps and d.. accounts for the vertical
distance (depth) from the midpoint of the idealized curve to fipz.
With the geometric relation, ane can easily arrive at

L =2Rsinfye,

R = dy cosf = R cosfiye, @
with R the curvature radius and 6, the half expanding angle.
Hence, it is clear that the central curve of the idealized surface
pip: along the main axis is a function of the five parameters
(R.L,6, 6y, ds) oF (R.L.8,6,drs), where = 8 + by is the
slope angle of the surface along the main axis. In general, (L,8)
is available once the failure area is identified and the down:slope
direction is defined, but the angle .., is a non-linear function
of dg, and R The curvature radius R and angle 6. can be
determined by means of iteration, once (L,#, dg) are given.

2.2. Geometric Characteristic of the

Idealized Surface
The proposed ICS is applied to mimic the failure surface of
historical events. Comparing the difference between the DEMs,
before and after the events, it is possible to identify the landslide
area and the associated volume of the landslide mass. With the
2005 and 2010 LiDAR-derived DEMs (1 m resolution), a total
of 45 landslides (source scars) that took place during Typhoon
Morakot in 2009, in different catchments in Southern Taiwan, are
taken into account. They are found in the catchments DF081
and DF054, in the mountainous areas of the Kao-Ping ]\lvu
basin and the ones by the Hsiaolin event (Lin et al., 2013; ]
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Idealized Surface ard Flow Paths

o the [FS). 1€}

FIGURE 3 The geametry and tickness disttion f the il reeased mass. (A) Computed wihthe idaalzed cunved surace (CS). (B) Computed with respect

‘and the blus-green area is covered by bath ICS and FS.

ind ). whers the red ine masks the location of the Hsisolin village between the
resuts in panets 4A) and (B). (D) Covered area, whara the goiden yslow means tha area only coversd by the IS, tha biue arsa stands for tha one only covered by FS

Supplementary Table C1). Moreover, the resultant scar areas are
not identical and a deviation around 23% has been identified.
Figure 3D illustrates the discrepancy of areas covered by the
idealized curved surface (ICS) and the post-event failure surface
(FS): the area in blue-green indicates the one covered both by ICS
and FS; the area only occupied by the ICS is marked in golden
yellow; and the blue color represents the scar area not covered

CS (iz., FS only). In arder to point o

CS (ic., FS only). In order to point o
landslide, the Hsiaolin village is shown for scale, highlighted by
the red line in Figure 3C.

Figure 4 illustrates the evolution of the thickness difference
computed with the ICS and the FS, where the data of flow
thickness <1 cm are isolated. Together with Figure 3C, the left
panels of Figure4 illustrate the differences in flow thickness
at various time levels. The discrepancy of the initial thickness
is significant (Figure 3C), but the difference reduces as time
passes (Figures 4A,GE). The range of difference drops from
[-43.4m,619m) at ¢ 167m 11.7m) at ¢

size of the

body is nearly at the state of rest. F;umaB.D.F d:pnn the

flow paths at different moments in time. It is found that the
discrepancy dramatically decreases, especially for the flow paths
(flow covered area). Figure 5 summarizes the evolutions of the
volume difference (green line), the discrepancy of the covered
area (red line) and the depth difference (blue shaded) from
t = Ostot = 181.83 5. As shown in Figure 5, the variation
of the volume difference (green line) slightly increases, from
282 1o 2.74% and thi

282 4o 274% and Tease i suspected to be canzed by

case is suspected to be caused by

the outflow from the computational domain. The discrepancy
of the flow paths (flow-covered area, red line) is 26.82% at

= 0.0 s and reduces to 9.48% at t = 181.83 5. The notable
variation takes place at the first stage (f < 80 s), and it is
supposed 1o be caused by the difference between the ICS and
FS. For t > 75 s, the discrepancy monotonically decreases and
tends to be around 9.5% at the deposition stage. Regarding the
thickness difference, a significant variation of the depth difference
(blue shaded) is also noted when t < 42.4 s, while the range
asymptotically reduces to [—16.7,11. Tm] att = 18183 s. For

1, the data o
collected in Supplementary Table C1.
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landslide mass? — An idealized failure surface for predicting its traveling path
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GPU-integrated shallow flow simulation tool with Web-based 3D visualization
o  GIS-integrated rainfall-runoff model as alternative for debris flow run-out properties

Prof. Dr.-Ing. Y.C. Tai, Dept. Hydraulic and Ocean Engineering, NCKU, TAIWAN



SRR LA
> AR

> %43E 2R F €& #H T+ F »2019/11/29-11/30

> F4E>RA B €& ¥ T 0 2020/11/26-11/27

VR AERFRGFI RS S
KAR B B R 03 E 4R 1 10847 45-10.1-4%-01-06-001(41)

d%% Y A 2 AR B S UE Y 2 R

‘DNAL

ZRRI A HFHY 0 EBA!
VE SR RERFI R BT TR S
AR A BB R B SR T 10842 48-10.1-47-01-06-001(41)

¥
Suzan®

1931

Prof. Dr.-Ing. Y.C. Tai, Dept. Hydraulic and Ocean Engineering, NCKU, TAIWAN




)/ ‘%___ﬂ P %i
SRR IR

FREEME R FNBERFEFRBIRRRZES
P LB EPREIRRAEG M2 ML EOwERT o 2T LT TR (T

> HE S RS R D BN E 2 AR AER REILE M G o f R IN
BREHOIORT FHRFELE S QEIRIRLE SRR AT Rk BT
ﬁ#w&ﬁﬁﬁ%(éf&ﬁ@“ﬁ@%’*%@ﬁi@—ﬁﬁﬁﬁh

> Flt A% A & 2 Guzzettietal. (2009) G FHAF LR o R G HEIE B 5 EIFE o
PIREN SRS & A TR EREF éﬂ%‘ﬁ
AL IFE R BIEINB A E28B FH) R M FIRE ARG G SR FE DL 4T o

> TR A R E A030% TS 0 R G ch S P A RISIE L MIREE > 2 3 F 5 BIRR B IVE
A 0 R T A .; B Pl T A o

W EEIETE 39 y%ﬁ%ﬁ’%ﬁ§£M%%ﬁ+°

>R TEIR R AN T B S B 0o ff MR 5 o 3° (Tai et al, 2020) 0 £ Guzzetti et al. (2009)
RIS 1 v

)
&

=



P oA B R OB
PRASY G LT 5 DEFEUNBRY G rLR

>OAEERERHR 2 PHEMBRIS U RS IHIEAFR AT EROLIET L 0 BFEEBIK
& Rchie AP G

PR LR 6 N NIRRT b GIER A B EH LR g - e

>i$ﬁ%&&%§ﬂ%ﬁﬁi%ﬁ%

> o AL R A e A (DFMIGT) 232 ki dhdy > ¥ 4 4 X A LB T B8
TB Bt o

> 7 gﬁﬁgﬁi‘;ﬁ] * HoE BN (DFMFGT) 7 7 cdp B Sl ~ 1 2 EB- A Tl & o
>?§@%@ﬁﬁ$ﬁ%%¢kxﬂ%@m’lgﬁéﬁ%xﬁﬁo
> ¥ T LF(PCwindows ~ Linux » MacOS ~ T4 ~ FrE S 357 & * ) o

\\\ﬁr
o
(e}

= 1

AR AT ZE T SR I w2 TR AT RRAP L R o
BE RS A FE (L FER ) B B M A RERE B B o



P
3.
~—
S
Pl
)4.\\

Prof. Dr.-Ing. Y.C. Tai, Dept. Hydraulic and Ocean Engineering, NCKU, TAIWAN



	Slide1
	Slide2
	Slide3
	Slide4
	Slide5
	Slide6
	Slide7
	Slide8
	Slide9
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18

