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Analysis of Landslide Occurrence Characteristics Based on the Root
Cohesion of Vegetation and Flow Direction of Surface Runoff:
A Case Study of Landslides in Jecheon-si, Chungcheongbuk-do, South Korea

Jae-Uk Lee'?, Yong-Chan Cho®, Sukwoo Kim(®**, Minseok Kim' and Hyun-Joo Oh'

"Landslides Research Center, Geologic Hazards Division,
Korea Institute of Geoscience and Mineral Resources, Daejeon 34132, Korea
Department of Forestry and Environmental Systems, Kangwon National University, Chuncheon 24341, Korea
3Geo-Environmental Research Center, Mineral Resources Division,
Korea Institute of Geoscience and Mineral Resources, Daejeon 34132, Korea
*Division of Forest Science, Kangwon National University, Chuncheon 24341, Korea

8 of: ¥ dolai: SehHAol T 2| we) Wa=e) wsiel =) ERE AT AXGE A 71K 55 7]
H(SFD; Single flow direction, MFD; Multiple flow direction, IFD; Infinite flow direction)2 F-StAFH QA FAlof A
310 ALl WAl o melale] SIS BAsloich. o 919 20204 89 WEEHO] Ao Az WAk
HollA] th=9] AbAFel 7L HAIRE AR GE ARG o R AAEGIch AAGAdT 25eme FEARE o] 3t AR <
HEZ] 9y Ay, AFAY oAl Z 8307042 AbAte] Ay elo] SRI=|SiTh Abate MEly] A}, Ao whE Hea] 3
zelo] Wal2 st AMFD: 0.81, IFD: 0.80, SFD: 0.80)7} Hajo] ke me{alx] ok #<O(MFD: 0.79, IFD:
0.79, SFD: 0.78)9] H|3}o] AUROC(Area Under the Receiver Operating Characteristics) S-4jof| A A&FA]o] 1.3~2.6% &
AElE AR Yeyith 3k MFD Y1E|5S o83 49+ o dare|Ed) Hlawstel AUROC E4of|xf Ag/o] X
o 13% SR, ofefeh Ak Aze] WIS Lol Be) WAl A5 483} A EfES 58/ 4o
ARAFEY ol & mEge] S 1A 4 S AARITH dF o] At Ait= dX] SEREVEPD A 5 e K
elo] B9 o WslE wejsto] Aol 3 Aol

Abstract: This study investigated the predictive accuracy of a model of landslide displacement in Jecheon-si, where a
great number of landslides were triggered by heavy rain on both natural (non-clear-cut) and clear-cut slopes during August
2020. This was accomplished by applying three flow direction methods (single flow direction, SFD; multiple flow direction,
MEFD; infinite flow direction, IFD) and the degree of root cohesion to an infinite slope stability equation. The application
assumed that the soil saturation and any changes in root cohesion occurred following the timber harvest (clear-cutting).
In the study area, 830 landslide locations were identified via landslide inventory mapping from satellite images and 25
cm resolution aerial photographs. The results of the landslide modeling comparison showed the accuracy of the models
that considered changes in the root cohesion following clear-cutting to be improved by 1.3% to 2.6% when compared
with those not considered in the area under the receiver operating characteristics (AUROC) analysis. Furthermore, the accuracy
of the models that used the MFD algorithm improved by up to 1.3% when compared with the models that used the other
algorithms in the AUROC analysis. These results suggest that the discriminatory application of the root cohesion, which
considers changes in the vegetation condition, and the selection of the flow direction method may influence the accuracy
of landslide predictive modeling. In the future, the results of this study should be verified by examining the root cohesion
and its dynamic changes according to the tree species using the field hydrological monitoring technique.

Key words: landslide, infinite slope stability, timber harvesting, root cohesion, flow direction method
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1. ARLER QIHIER]

ATA L 20201 8 HEBLE olal WANE X
S AR AP A T ARARERZE AR SRR Al
Al AL BATE Lo(37°06'30.16"N, 128°10'21.88"E,
63.8 km?) S AHsIon], AHAAE BAE A
(BANE ALet 417 km’E AFO 2 et AR <]
EI1+= 160 ~505 m, FF7]-22 10.3°C, AP
1,359.3 mm(1991 ~2020)°]thKMA, 2022). 20209 8%
WFES WA 9A ARBE 5 5o Tekd 2k, 5
EX o) 4] 3007 o]/Fe] AbAte) sl 4laiet FHA Al
Aol A= 12074 9 40 ha o]4}e] HAo] thAbe FsiE
9o o BuET ek ATA QAT AHAHA
g]) 7]AF%= A (http://www.wamis.go.kr/) ] A}=of w2
thekae] AAeZE AR Ao 2 A E S 20204 89
291 o] 5217} °F 160 mme] A4} g, 2020
H 89 2 24 6A17 AIZFE Z AL 121 mm, Y7t 363
mm®| YT 7t WA Aoz el th(Figure 1).

AA| O] ARAFE] HHAY A 2O] b2 25 emy AHAMY
& ZE(NGI, 2022)5F0] Z12r0] PALGFE = 470 o]
Ato) 71Ake] 2| AF7]1 27 (Ground Control Point, GCP)2 A

120 | WPrecipitation(mm/h)

Cumulative Precipitation(mm)

A2 A435 (2023)

gotRon, FEARISTE A 9 Aol Wt AHEE
22 AR A H2022-34875)0] THE 25 em FALE F
A} 7]&(Root Mean Square Error, RMSE<0.5 m)°] #|g}s}
%% P EACHx=0.10, y=021). o2 E3) A7AE
HARA] B AbAbe A dS wlofst i th(Figure 2).
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Figure 1. Hyetograph and cumulative curve of rainfall in the study area.



A9 ] MY ARfE0] S5 23S R AES] Y B B4 SRS ARG ARIE SdeR 429

RSN

128°12'0.0"

128°7'12.0" 128°9'36.0"
. — - y -

37°7'12.0"

37°7'12.0"

Figure 2. Comparison of the study area before and after landslide occurrence.

Table 1. Input parameters for landslide modelling in the study area.

Input parameter Value Unit

Dry soil weight 1,457 kg/m®
Wet soil weight 1,898 kg/m®
Saturated hydraulic conductivity 0.033 cm/s
3.0 kPa

Soil cohesion

Internal friction angle 39.6
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Figure 3. Characteristics of the study area.

Table 2. Values of root cohesion based on the tree species used in this study.

Species Age class Root cohesion (kPa) Reference
Pinus densiflora I 10.4 Oh et al.(2011)
Pinus koraiensis v 15.7 Kim et al.(2011)
Larix kaempferi 1I 10.2 Oh et al.(2011)
Cryptomeria japonica I 13.2 Genet et al.(2008)
Quercus mongolica I 132 Oh et al.(2011)
Alnus japonica I 12.7 Oh et al.(2011)
Liriodendron tulipifera v 5.0 Hales et al.(2009)
Populus deltoides I 0.5 Pourmalekshah et al.(2019)
Robinia pseudoacacia I 15.0 Wang et al.(2020)
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psgDsinfcosf
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FAEE= 20204 8Y 298 7|Eo 2 AFAY U & 363
mm/day ©] 797} TAEE 7] wiZ o]
Ede Aos 714stc)
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FHEE= H|(th) Hed _,(Spe01ﬁc Catchment Area)2 <=

A Enmee] sjalme] ueh Abwe] W Ul EES A
SHA| Hoh & Ao A= 5x5 m AR} A FA R T}
SAGA(System for Automates Geoscientific Analyses) 7.8.2
ZaIaYoA FERAS T3 F Al A 25 71|
(Single Flow Direction Method, SFD; Multiple Flow
Direction Method, MFD; Infinite Flow Direction Method,
IFD)% 523} H| 11/\th4 o ALA o].o:] }\]_D:]O]— S HA
of g3t ch(Figure 4).

SFD are]&{Figure 4(a)]> 3hte] A SO 87
ware) A Alole] SRS 2 o o) A A
5 E2 gg3ti(O'callaghan and Mark, 1984). MFD €17
2] & {Figure 4(b)]2] 74-¢- stLte] Alof| tiste] of 2 kel

22 A& 4= 9ItHQuinn et al., 1991). IFD &i1e]&
[Figure 4(c), 4(d)]-> 00l 360°71A] 912} K7 et
= 87) 4 F BT M F o) weke R g
9] 3 EHEES. AASHA E tiTarboton, 1997). SFD
1YEFL 2 Eg X]3(convergent topography)ofl A 45
vlmA & welshAul, 2

A3
2
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ngo] Eofo] X

l_

il
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F

lo w2 m{N'

E23% X5 (divergent topography)

Figure 4. Characteristics of different flow direction methods [a: Single flow direction method (O'Callaghan and Mark,
1984), b: Multiple flow direction method (Quinn et al., 1991), and ¢, d: Infinite flow direction method (Tarboton, 1997)].
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C.(t) = D(t) + G(t) %)
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iEohE B 558 Aot A it FE =
o, o] AtofA= A F He] FAAE o] ZHdwslo
ohe AbE WA SRAS molela 2HE WRSle.
B2 Imazumi et al.(2008)0] AAIGF fIFEA AUFE
(Douglas fir)o] gt Y& o= 285K C),=0.506,
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Figure 5. Annual clear-cutting area analyzed in the study area.
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Figure 6. Distribution of root cohesion in the study area (a:
Applied root cohesion based on tree species, b: Applied roof
cohesion based on annual clear-cutting).
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4= QItK(Shirzadi et al., 2019). 3t 242 E3) el =
Hol 42 4w BAH AHe4% nye ekt
3 Ao g2 Tst 4= QlrkSwets, 1988). AUROC &
2 Figure 7(a)2} 22 Confusion matrix AFol| 4] 471A] 7
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[ Random classification
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Figure 7. Description of AUROC analysis [a: Processes of AUROC analysis
(Godt et al., 2008), b: Description of area under the curve)].
FP), P o ® oS3t X5 of AA| AbAFel7E 2 79 7HAH 100 ZPhEE Yo oF YTt w2 Ao

=
o

(True Negative, TN), 24

7h A

2 | Sk Aol AA| ARAE
k-0 7 ©(False Negative, FN)Z Ut} o] &

2 ¥7lE]a QJti(Mehrabi and Moayedi, 2021).
HAAR A7 A% THAL Figure 8 9 Table 33 o,

&3l AUROC 4] o] 5 R§ o] %S e(Accuracy, ACC), A Al 7HAl 55 7IH(SFD, MFD, IFD)#} &2 7|HE 2o
APl RH ol Aol AA] EPASE Bl&(True positive  HEEE HERES Al 7 AN, G+ C. G+ G(1)
rate, TPR), APAFE} "TAY of & 2] 5of] AA| WAYSHA] b2 2 ol QGISE Z-8sto] F 93]o AA APHeHd &
H]&(False positive rate, FPR) 3! &G 2] 23145 Leh A4S AAISHRTE o] % A2 b QIHIEE] §i3 v
= Al ol o] W& (Area under the curve, AUC)E A& w3l AUROC 42 53 289 el 2 A3
3] ¥ 4= ItHFigure 7(b)]. AUCE 0.59014 1.02] M= HESFA
—f Landslide inventory | —{ Geology | Forest |
| Topography }——{ Hydrology | Sall |

/

Whods 7 Determination of cohesion
[SFD, MFD, IFD] T C+ C,()]
| I
] ]

FS (Applying C)
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FS (ApplyingC + C;
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[ I ]

S (Applying € +C,.(2))
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Figure 8. Flow chart of this study.

Table 3. Main input parameters for three analysis cases.

Group Flow direc;[ion Soil depth Internal friction Soil cohesion Root cohesion
method (m) angle (°) (kPa) (kPa)
Result A 0.0
Result B SFD, MFD, IFD 0~1.35 39.6 3.0 11.4 (3.0
Result C 10.8 (+3.5)°

* Single flow direction(SFD), Multiple flow direction(MFD),
® Standard deviation

Infinite flow direction(IFD)
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1. ARAJER 2hed

ATFAY W W A YA G2 8474, ARAFE]
A 8307 BAEoH, HAAFEA 479714
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Figure 9. Landslide occurrence characteristics in the study area.
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Figure 10. Results of FS and AUROC analyses.
o] AUROC #41& AABI9ITE AFehd g #4

< b APRAQEALE: HA] o] 5 FS o] w2 7k Ale] Aj4
i A5 AT Table 4) AP EQPH 02 HAE AE SFD
oA 2044237, MFD <ti1a]Zof| 4] 265,7937],
55 7MW 28T b WHAL Agstel Aok IFD melZe) A 20435302 A glon], oby Alw

of 2831912, Acharya et al.(2006)°] A|QFt A oz Z5E AL SFD dare|EofA, 1,418,6287l, MFD
& 5 7Ive farste] AR EALRE F Al G|l A 1,357,2587], IFD Larz|5of Al 1,418,698

o AFA 2] HaE AR Ak o 2k e BRI A 449 ddes 2F 55 7Y

=97 A9 vl SFD ¢ale|Eat IFD dalefs B

1) Result A: B9F H&HqtS v&{3t AL T 12.6%% EAE oY, MFD 7oA 16.4%= Tt
Figure 10(a), Figure 10(b), Figure 10(c)= A2 o] 2 71l w3 oF 3.8%p w2 A= FHHUAT

of B HAEGkPayits 8ok ALkE ApHbdE APERPE 4] o] % AA| WA A E 7o R

ojth. 24 A¥= AR SFD diare)E{Figure 10(a)], Azt QIulEe] P vlaste] AUROC 242 z13%k

Z

4
A=

5t Ato|v, Figure 10()= 5418 A2 AL TPR(SFD: 039, MFD: 0.49, IFD: 0.38)7} 23 2] 23Hy
AAbel olMiE e WL 7jHke.E AUROC B4S  Uells AUC ZHSFD: 0.77, MFD: 0.78, IFD: 0.77) A

g7 Aot M B 71 B st e Ao dEy, AA



436

REE AR

Bt

- = ot

A2 A435 (2023)

Table 4. Number of cells predicted by different flow direction methods for three cases.

Classification < 1.00 Nllogs 31220 31525 527(5)0 > 2.00 Note
SFD 204,423 290,968 289,994 220,251 153,980 463,435 Figure 10a
Result A MFD 265,793 333,170 293,653 205,579 136,816 388,040 Figure 10b
IFD 204,353 308,729 303,262 225,944 154,111 426,652 Figure 10c
SFD 79,688 207,724 289,023 260,152 192,661 582,850 Figure 10d
Result B MFD 103,482 258,169 316,546 257,649 178,035 498,217 Figure 10e
IFD 74,790 217,683 304,932 270,043 196,045 548,605 Figure 10f
SFD 87,741 215,987 288,134 255,975 189,390 574,871 Figure 10g
Result C MFD 114,687 265,730 313,116 252,559 174,528 491,478 Figure 10h
IFD 83,006 226,763 303,701 265,347 192,525 540,756 Figure 10i
Table S. Results of AUROC analysis using different flow direction methods for three cases.
Classification ACC TPR FPR AUC
SFD 0.63 0.39 0.11 0.77
Result A MFD 0.67 0.49 0.15 0.78
IFD 0.63 0.38 0.11 0.77
SFD 0.61 0.21 0.03 0.78
Result B MFD 0.61 0.28 0.05 0.79
IFD 0.58 0.20 0.03 0.79
SFD 0.61 0.26 0.03 0.80
Result C MFD 0.64 0.34 0.05 0.81
IFD 0.60 0.26 0.03 0.80

1N A]—A]_q.]g} o]i]g]_;q %1.%
MFD: 0.15, IFD: 0.1)x= H|2 % =

Y 22 A2y

o
=
10(e), Figure 10( %
el

298 Yo aglole,

AFAQHA S B uHE A A

4= o Azto] Ha

&

901 FPR(SFD: 0.11,
Aow tepirh

]

Jgjslojof it Figure 10(d), Figure
1:5,000 QA=S 7]H}0E AR

&5 w4

5 1to}gt Z3KTable
Eor4 Aol J4x(SFD: 79,688 ,

MFD: 103,482, IFD: 74,790)7} AFeh3] 7tast Ao U}
Eftow, ofof wa} g Aol Jj<=(SFD:

MFD: 1,508,616, IFD: 1,537,308)=
Aom, =g Ao v

&2 SFD

271

1,532,410,
Ao g HA g
G|l A 4.9%,

MFD &118]Z0|| A 6.4%, IFD 4128|204 4.6%=2 o] A

Ao} gro] MFD darejEolA 7}

Aste Ao ke,

o d O
A oo Eolx Ao

AUROC £4|
10k) AA) 2

3 gastel Auroz mge] gl A
0.78, MFD: 0.79, IFD: 0.79) 3 A2

ghutey.

o

AbarEor mag o] A

H| 1

3) Result C: 2 Gl &fgt

PR ol Aol 4] 4=

A= Az} A

Aste, o] 3 e

AN Table 5, Figure

H]-£-¢1 TPR(SFD:
0.21, MFD: 0.28, IFD: 020)2 o|& ZAzlo| v|mwsle] 7hA
39121k, FPR(SFD: 0.03, MFD: 0.05, IFD: 0.03)0] AFgh

st
Asst A

SREDRE

s

A

AUC ZH(SFD:

oz

g

o) Ao o3 = 8
/ll}\ggq S_il—il— ol

=L

3l o] M|y ARele AA Al BEoF B g3t
Z7)steh x|l AL WA A oF 100] W7F & 84

7Hu 22 2 A

Qrsfo] A4 2 417
*J ol 7o) 7

31_246}040]: UPE} Flgure 10(g)
AR o] 5% We] FH2S 243 Result

igure 10(h), Figure



o) we| Haleln AEGE| 58 24 LT A

2 we) Yzl

(e}
Wsks mefste] 28t AHobd g B4 Aupol)

w
o
i)
e
2

IuE

hL
1)
e,
P
o
=)
fu
4
ofN

oFy1E|Zol| A 87,7417), MFD &a1z]ZoA 114,68771,
IFD &a18]=0]|A] 83,0067 2 oA 4131 Result B2} H]
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