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Abstract

In August 2020, a debris flow occurred in Gokseon, Jeollanam-do, that resulted in the death of five
residents. In this study area, high-resolution 0.03 m topographic information was generated through
photogrammetry, and the amount of soil movement/loss was measured. In addition, sensitivity analysis
was performed for flow depth, flow velocity, and debris flow area with the program Flo-2D using the
difference in simulation parameter that discharge and topographic information. Wth increasing debris
flow input discharge, increases were seen in flow depth, flow velocity, and debris flow area, as ell as in
the gap in results from high-resolution topographic information and low-resolution topographic infor-
mation. Also, when high-resolution topographic information was used, the results were similar to the
actual (measured) flow direction of the debris flow. Therefore, the application of high-resolution
topographic information increases the accuracy of the debris flow analysis results compared with
low-resolution information. Results could be further imporved in the future by considering geological

information such as yield stress and viscosity.
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2020 A= 22t A=l 2A B3 A= sl 2T 1019 AT A RIIet Bl 7 St S
ofe}. AFAI G2 bt AT atH AAE]olA TR BRI 89 7Y ATl 71 thFig. 1). AH
Apofa] AR Zio] obd 15 S O] JEAPHCA S 7FAIZFE L0, 3 EAR Zd-poll ofsto] AlRE et
FEE]o] AR B EARE Holgl fadolth. EARO YRR E SHR7E2] 9] A= 9F 500 mo] L, HH= T
- 9F60 m, FSHF 2F 80 m, FAF- oF 100 m= ZAFESITE. of2fet EAFR ]lsto] 5Tgo] AFgsllal 38 350 mi
7 A H AR wslrh st r(Fig. 2).

Fig. 2. Photographs of the damage caused by the debris flow.
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Fig. 3. Basin terrain information: (a) Satellite image, (b) DEM, (c) DSM.
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Fig. 4. Debris flow area: (a) debris flow initiation area, (b) comparison of topography changes before and after debris flow
along thered line in (a), (c) collapse height.
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Table 1. Flo-2D simulation condition

Terrain information  Run off coefficient Rainfall intensity Sediment Debris flow
(mm/h) concentration (%) discharge (m’/s)
Case 1 30 0.623
Case 2 123 40 0.872
Case 3 07 . 30 2.591
Case 4 DSM 40 3.627
Case 5 (resolution: 0.03 m) 30 0.711
Case 6 123 40 0.996
Case 7 08 30 2.961
Case 8 2 40 4.146
Case 9 30 0.623
Case 10 123 40 0.872
Case 11 07 30 2.591
Case 12 DEM 32 40 3.627
Case 13 (resolution: 5 m) 125 30 0.711
Case 14 40 0.996
Case 15 08 30 2.961
Case 16 2 40 4.146
Case 17 DSM 49.448
Case 18 (resolution: 0.03 m) ) ) ) 7.882
Case 19 DEM 49.448
Case 20 (resolution: 5 m) ) ) ) 7.882

ZLUYEE
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Fig. 5. Flo-2D simulation results for flow depth.
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Fig. 6. Flo-2D simulation results for velocity.



Table 2. Flo-2D simulation results

Debris flow area Maximum flow Mean flow depth Maximum flow  Mean flow velocity

(m?) depth (m) (m) velocity (m/s) (m/s)
Case 1 7,800 0.274 0.084 2.228 0.569
Case 2 9,750 0.976 0.115 2.717 0.640
Case 3 17,675 1.494 0.155 3.997 0.840
Case 4 20,875 1.788 0.193 4.720 0.849
Case 5 8,950 0.311 0.088 2415 0.586
Case 6 10,625 1.040 0.120 2.679 0.677
Case 7 18,875 1.581 0.163 4.147 0.862
Case 8 22,450 1.889 0.202 4.959 0.868
Case 9 8,250 0.261 0.060 2.144 0.409
Case 10 12,400 0.349 0.078 2.330 0.399
Case 11 32,325 1.393 0.083 4391 0.514
Case 12 41,850 2.022 0.115 5.175 0.521
Case 13 9,325 0.268 0.062 2.330 0.443
Case 14 13,800 0.398 0.082 2.480 0.408
Case 15 35,800 1.592 0.089 4.750 0.541
Case 16 45,825 2.281 0.120 5418 0.527
Case 17 61,175 8.328 0.616 10.537 1.607
Case 18 27,425 2.322 0.258 6.505 1.111
Case 19 - - - - -
Case 20 64,925 1.327 0.128 5.928 0.629

© AR B elE|gl] viEolct thA] W, EARO] okl o] §Aahe Tetatetd A 540 olot

= ©& Ik DSM3} DEM] 2ol Hlishtel Hit-575 § 540 &
70031 mO] o] S ek, EAR] 15 30] 2-5 m'/s 2
o= 0.13 mo] o] 2 Lhehilct. 5, fo] F/H4E S5 AL 5716t
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Fig. 7. Results of sensitivity analysis results.

o

@ DSM resolution: 0.03 m

> DEM resolution: 5 m

7 Ve,

0 2

x XX X

4 6 8
Debris flow peak discharge (m3/s)

® DSM resolution: 0.03 m X
X DEM resolution: 5 m

Debris flow peak discharge (m3/s)

o

o

, Bt



®
il
)
9‘!
r\l

ZZ40]| [}2 Flo-2D0IAQ] EAIE SHAMDIZIE B

557

o] A7} 245 §ETo0] oA tEe] Ao 2 nalEe] AFARE FEkE Aol A4 FEAT] 078
o 29 5 glrkn 22 4 9l

1.607 m/s = UERE O AR -F52 S ER] oot et A5 of itk HE A
A BEA7C] %@%%E@r A z70f whet ol gEfR] ARt TRES 1S 7150 2 AT6RS o] f40] oA
Al 20 & Yebstth sEARE EA 7Ol o] Bt AEgke Ao ARt o whet o> EeiR Al H B ' fae] &
7holl w2 540] Z7h= 2 g A= whehd 4= 9lrk. DSM¥} DEMC] 210l & Bl watAH Bt R0 EARO| n)3
FFo] 0~2 mY/s Y W, F35-2 Wt 0.203 m/s 2] Zfol & YeR AL, EAFO] 1T -55F0] 2~5 m/s Y o, Ht 0.329 m/s 2]
2ol 5 LR o™, 71 ol 7ol 0.482 m/s ] Aol & LrEEt. ol &0 St Ao =2l A%
N W 75| Aol EokAl= 2l o= yERT.
SPAFHA] 0] 74-9-7,800~64,925 m> 2 LFEPEO o, SR AL Mt Q= AT B 9Lk vh 2 DSME T DEMO]]
A =7 Yebdtt EARO] 13-570] 02 m¥/sY w, 5542 Bt 6,650 m* 2] ZpolS YERH L, EA ROl o35

L

%
Bos

2ol 2~5 m/s Y wl, Hat 18,981 m?2] 2Jo]& YERH o, 1 oAt Z4-9ofl= 37,500 m%/s2] Z}o|E LERHLE
2| gQHet - fFHO] FotH ]l 11 E Fol /“Zﬂgr 71 -GAHA s A= Case 791 2.0 2 TEHELE Case 7
ol Ko] EAR Sk ) 961 m¥/s0] 1, o]uf) ARRH WM FATH A 0] G A1491 0.8, 7T 52 mm/h, EATRO]

550,302 AIEIROH, A AU 003 me] S S DSMEICE, oIl B 1 0163 m,
T A452-0.862 s, ST FALS 18,875 m’0 2 AA] EAF ) AR T} 2 Ao Sglt olelgh e 944 7]
Solgizo] PH-3elt BAS MefstHl A|HE Ao vaEr)

=
2 AollA=2020 8 =/ A2 oA EARE EAR | Histe] BEARO| A= B BEARES AltstiaL o]
£ 7]%& Flo-2DE o851 EARS] fafat 2|4 Ho| & /-54, 75, o) tigh wize BA41& =a)6t3d
o}, AP HE1:5,000 S A E2HE 5 m A2 37190 et ARRIEER0 215E] 0,03 m 22} 27]91 =S 11
SR, 1] B FEAlR, 37 E, BEARO FEE o83 A Aaidte] B AlkE A Efskil) el S
g 94 854 SRhHA o] Zlels ATt EEEQT, TAPIESt Aedw o] At xjo|7} ol Aoz
LRER T, E3t e 7ol ARl EARO] o5 ks TIdlE AR, ?%H e 7-toll= it ko]
ARk thEA ARSI, of2fet H R 2R E EARO HAY fo] 41 figfo] 245 AT AP HE A&
Sh= Zo] BEAR o520 o A4S 2 4 9lom, 53] EARF HARA|Hof| - 8shs Ao e Aoz wetd.
T3 2 ATollA 7 H-sA| AtEIdeial Tt Case 72] 9ol AA|S] R, 745, ERPHA R 2] AXEE]

o oL G B U AR RS FA I S U oz Wi, oz
AZTKS Eo)| ToAHE A RS YASHE 1%

102

oM EsiA sk AFHEY] B A O] EAR doloﬂ J&?l A 71zAE A S8 o QU

O’_LJ
=2
X
}-n
ol
_@ m
1
¢ ofr
i)
e}
tlo
o,
ok
_O'L
)
A
o2
ol
ol
2
N,
=)
!
=2,
O
é

]

AFA}

o] =2 PR 715 HeS AR E4sl] ARl dl571e EARRIS] AP wot - A71(2022-
MOIS61-001).



References

Chae, B.G., Kim, W.Y ., Cho, Y.C., Kim, K.S., Lee, C.O., Choi, Y.S., 2004, Development of a logistic regression model for
probabilistic prediction of debris flow, The Journal of Engineering Geology, 14(2), 211-222 (in Korean with English
abstract).

Choi, J.H., Choi, B.J., Kim, N.G., Lee, C.W., Seo, J.P., Jun, B.H., 2021, Estimation of potential risk and numerical simu-
lations of landslide disaster based on UAV photogrammetry, Journal of Civil and Environmental Engineering Research,
41(6), 675-686 (in Korean with English abstract).

Di, B., Zhang, H., Liu, Y., Li, J., Chen, N., Stamatopoulos, C.A., Luo, Y., Zhan, Y., 2019, Assessing susceptibility of debris
flow in southwest china using gradient boosting machine, Nature, 9, 1-12, Article number: 122532.

Flo-2D, 2009, Reference manual, Retrieved from https://flo-2d.com/product/modeling-theory/.

Jitousono, T., Shimokawa, E., Tsuchiya, S., 1996, Debris flow following the 1994 eruption with pyroclastic flows in Merapi
volcano, Indonesia, Journal of the Japan Society of Erosion Control Engineering, 48, 109-116.

Jun, B.H., Jang, C.D., Kim, N.G., 2010, Analysis of erosion and deposition by debris-flow with LiDAR, Journal of the
Korean Association of Geographic Information Studies, 13(2), 54-63 (in Korean with English abstract).

Kim, K.N., Jang, S.J., Lee, K.Y, Seo, G.B., Kim, B.S., Chun, K.W., 2015, Prediction of the debris flow-prone area in the
hilly district within urban, Journal of the Korean Society of Hazard Mitigation, 15(3), 141-146 (in Korean with English
abstract).

Kim, M.I., Kim, N.G., 2021, Analysis of debris flow reduction effect of check dam types considering the mountain stream
shape: A case study of 2016 debris flow hazard in Ulleung-do Island, South Korea, Advances in Civil Engineering,
2021, 1-12, Article ID: 8899368.

Kim, P.G., Han, K.Y, 2017, Numerical modeling for the detection of debris flow using detailed soil map and GIS, Journal
of the Korean Society of Civil Engineers, 37(1), 43-59 (in Korean with English abstract).

Kim, S.E., Paik, J.C., Kim, K.S., 2013, Run-out modeling of debris flows in Mt. Umyeon using FLO-2D, Journal of the
Korean Society of Civil Engineers, 33(3), 965-974 (in Korean with English abstract).

Lee, H.N., Kim, G.H., 2019, Flow-R simulation of debris flow on Mt. Woomyeon, Journal of Korean Society for Geospatial
Information Science, 27(6), 61-71 (in Korean with English abstract).

Li, Y., Chen, W., Rezaie, F., Rahmati, O., Moghaddam, D.D., Tiefenbacher, J., Panahi, M., Lee, M.J., Kulakowski, D., Bui,
D.T,, Lee, S., 2022, Debris flows modeling using geo-environmental factors: developing hybridized deep-learning
algorithms, Geocarto International, 37(17), 5150-5173.

Malgorzata, C., Fabian, W., Michaela, W., Zhen, Z., Brian, W.M., Clement, H., 2020, Machine learning improves debris
flow warning, Geophysical Research Letters, 48(3), 1-11.

Okuda, S., Suwa, H., 1981, Some relationships between debris flow motion and micro-topography for the Kamikamihori
Fan, North Japan Alps, In: Burt, T.P., Walling, D.E. (Eds.), Catchment Experiments in Fluvial Geomorphology, Geo-
Books, Norwick, UK, 447-464.

Ou, G., Kobashi, S., Mizuyama, T., 1991, Prediction of debris flow peak discharge, Journal of the Japan Society of Erosion
Control Engineering, 44(4), 24-29 (in Japanese with English abstract).

Rickenmann, D., 1999, Empirical relationships for debris flows, Natural Hazards, 19, 47-77.

Rickenmann, D., Zimmermann, M., 1993, The 1987 debris flows in Switzerland: documentation and analysis, Geomorpho-
logy, 8, 175-189.

Song, C.H., Lee, J.S., Kim, Y.T., 2021, Predicting the initiation area of a debris flow using geomorphological characteristics
and a physically-based model, Journal of the Korean Society of Hazard Mitigation, 21(2), 137-147 (in Korean with
English abstract).

Tak, W.J., Jeon, K.W., Jeon, B.H., Lee, H.J., 2015, Comparsion between RAMMS and FLO-2D through danaged by
debris flow analysis, Proceedings of the Korea Water Resources Association Conference, Goseong, 112.



