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ABSTRACT

The purpose of this study is prediction of landslide occurrence reflecting the subsurface flow characteristics within the soil
layer in the future due to climate change in a large scale watershed. To do this, we considered the infinite slope stability
theory to evaluate the landslide occurrence with predicted soil moisture content by SWAT model based on monitored data
(rainfall-soil moisture-discharge). The correlation between the SWAT model and the monitoring data was performed using
the coefficient of determination (R’) and the model's efficiency index (Nash and Sutcliffe model efficiency; NSE) and, an
accuracy analysis of landslide prediction was performed using auROC (area under Receiver Operating Curve) analysis. In
results comparing with the calculated discharge-soil moisture content by SWAT model vs. actual observation data, R’ was
0.9 and NSE was 0.91 in discharge and, R? was 0.7 and NSE was 0.79 in soil moisture, respectively. As a result of
performing infinite slope stability analysis in the area where landslides occurred in the past based on simulated data
(SWAT analysis result of 0.7~0.8), AuROC showed 0.98, indicating that the suggested prediction method was resonable.
Based on this, as a result of predicting the characteristics of landslide occurrence by 2050 using climate change scenario
(RCP 8.5) data, it was calculated that four landslides could occur with a soil moisture content of more than 75% and
rainfall over 250 mm/day during simulation. Although this study needs to be evaluated in various regions because of a
case study, it was possible to determine the possibility of prediction through modeling of subsurface flow mechanism, one
of the most important attributes in landslide occurrence.
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Fig. 1. Geologic map and aerial photography of study area.

Monthly minfall (mm)
8 8 8 8 B8

g

il ‘H || Iﬂ' il ..

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Now Dec

m Sencheong('91~20) m Jirisand'11~20)

Fig. 2. Monthly rainfall of study area.
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3.1. SWAT(Soil& Water Assessment Tools) model
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Fig. 3. Modelling data (Here, A) DEM; B) Soil map; C) Landcover map).
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RCP(Representative Concentration Pathways) AlL}2]2
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W3OS W3t XLE 2A, EAPHAIE (WmA)E 71E0.
2 RCP 26, 4.5, 6.0 18] 8.52 &3t} 71del
A A F3= RCP AU 2= ThdF3F GCM(General
Circulation Model) 2@ % HadGEM2-AO(Hadley Centre
Global Environmental Model version2 — Atmosphere
Ocean)S 7|¥ke 2 33l Ut} o= 135km sd=e] &
A+ 71598} Aye] Lol o5 ghitkdl] #-8317] 9

Parameter Device Location
Rainfall WDR-205 (Korea)
Flow level OTTRLS (Germany) 35°1922.8"N, 127°45'18.0"E

Flow velocity AAO2RF (Japan)

Matric suction MPS 6 (USA)

Water content EC5 (USA)

35°1821.6"N, 127°44'52.8"E
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Fig. 4. Concept of infinite slope theory and subsurface flow (Das and Sobhan, 2013; Troch et al., 2002).
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Table 2. Parameters of SWAT model and ranges of values

Parameter Method Description Min Max t-Stat  P-Value  Rank
CH_K2.rte replace  Main channel effective hydraulic conductivity -0.01 500 30.88 0.00 1
CH_D.rte relative Main channel depth -0.9 9 -10.82 0.00 2
CH_N2.rte replace Main channel manning’s “n” value -0.01 0.3 9.62 0.00 3
DEP_IMP.hru replace Depth to impervious layer in soil profile 0 6000 8.62 0.00 4
CH_W2.rte relative Main channel average width -0.9 9 7.28 0.00 5
TRNSRCH.bsn replace Main channel transmission losses 0 1 7.04 0.00 6
ALPHA BNK.te replace Baseflow alpha factor 0 1 -5.31 0.00 7
SOL_K.sol relative Saturated hydraulic conductivity -0.99 9 -3.36 0.00 8
GW_SPYLD.gw  replace Specific yield of the shallow aquifer 0 0.4 2.66 0.01 9
RCHRG DPgw  replace Deep aquifer percolation fraction 0 1 242 0.02 10
SURLAGDbsn replace Surface runoff lag coefficient 0.05 24 2.28 0.02 11
GW_REVAPgw  replace Groundwater revap coefficient 0.02 0.2 222 0.03 12
GW_DELAY.gw replace Groundwater delay time 0 500 -1.97 0.05 13
CNCOEF.bsn replace Plant ET curve number coefficient 0.5 2 1.80 0.07 14
CN2.mgt relative SCS runoff curve number -0.5 0.5 -1.72 0.09 15
GWQMN.gw replace  Threshold depth of water in the shallow aquifer 0 5000 1.30 0.19 16
ESCO.hru replace Soil evaporation compensation factor 0 1 0.95 0.34 17
REVAPMN.gw replace  Threshold depth of water in the shallow aquifer 0 500 0.74 0.46 18
TDRAIN.mgt replace Time to drain soil to field capacity 0 72 0.72 0.47 19
CH_Nl.sub replace Tributary channels manning’s n value -0.01 0.3 0.69 0.49 20
MSK CO2.bsn replace Reach storage calibration coefficient 0 10 0.61 0.54 21
EVRCH.bsn replace Reach evaporation adjustment factor 0.5 1 -0.54 0.59 22
GDRAIN.mgt replace Drain tile lag time 0 100 0.42 0.68 23
MSK CO1.bsn replace Reach storage calibration coefficient 0 10 -0.39 0.70 24
ALPHA BF.gw  replace Baseflow alpha factor 0 1 -0.36 0.72 25
CANMX hru replace Maximum canopy storage 0 100 0.31 0.76 26
ESCO.bsn replace Soil evaporation compensation factor 0 1 0.29 0.77 27
SOL_AWC.sol relative Soil layer available water capacity -0.99 9 -0.29 0.77 28
MSK_X.bsn replace Reach storage weighting factor 0 0.3 -0.20 0.84 29
EPCO.bsn replace Plant uptake compensation factor 0 1 -0.17 0.86 30
DEPIMP BSN.bsn replace Depth to impervious layer in soil profile 0 6000 -0.10 0.92 31
EPCO.hru replace Plant uptake compensation factor 0 1 0.09 0.93 32
OV_N.hru replace Overland flow manning’s n value 0.01 1 -0.06 0.95 33
70 s ‘E T TR R T TN ,1,, T V.F._ ,, 2 I T:" TERT ii._r! E—
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- 00 _
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Fig. 5. Relationship between daily rainfall and discharge results using SWAT model.
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