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Predicting Rainfall Infiltration-Groundwater Flow
Based on GIS for a Landslide Analysis
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Abstract

This paper describes a GIS-based geohydrologic methodology, called YSGWF (YonSei GroundWater Flow) for
predicting the rainfall infiltration-groundwater flow of slopes. This physical-based model was developed by the combination
of modified Green-Ampt model that considers the unsaturated soil parameters and GIS-based raster model using Darcy’s
law that reflects the groundwater flow. In the model, raster data are used to simulate the three dimensional inclination
of bedrock surface as actual topographic data, and the groundwater flow is governed by the slope. Also, soil profile
is ideally subdivided into three zones, i.e., the wetting band zone, partially saturated zone, and fully saturated zone.
In the wetting band and partially saturated zones the vertical infiltration of water (rainfall) from surface into ground
is modeled. When the infiltrated water recharges into the fully saturated zone, the horizontal flow of groundwater is
introduced. A comparison between the numerical calculation and real landslide data shows a reasonable agreement, which

indicate that the model can be used to simulate real rainfall infiltration-groundwater flow.
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Fig. 1. Schematic cross section of aquifer types (Topper et al., 2003)
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Table 1. The models for a prediction of landslide
ltems KFS KwU SINMAP TRIGRS YS—Slope
Method Statistical Statistical Physical Physical Physical
Failure model X X Infinite slope Infinite slope Infinite slope
Hydrology model X X Topmodel Richardson Green—Ampt
Rainfall intensity @) O @) O @)
Rainfall duration X A X O O
Unsaturated soil characteristic X X X X O
Wetting band depth X X X O O
Groundwater table X X @) X @)
Time dependent analysis X X X X O
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Fig. 11. Prediction of groundwater flow using YSGWF and SINMAP
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Fig. 12. Typical soil profile of OOsan (Mt.)
Table 2. Geotechnical and hydraulic properties of the soil used in this study
Parameters Values Remarks
Hydraulic conductivity, &s 8x107* cm/sec (28.8 mm/h) YS—Slope, TRIGRS
Initial water contents, 6, 18.0~18.4 (18.0)% YS—Slope
Water—content deficit, Af 0.28 YS—Slope
Wetting front suction head, wf 830mm YS—Slope
Infiltration rate, I, 8x107¢ m/s TRIGRS
Hydraulic diffusivity, DO (m?/sec) 8x107* m?/s TRIGRS
Soil cohesion, ¢’ 10.2~12.8 (11.0) kPa YS—Slope, TRIGRS
Soil friction angle, ¢ 22.4~26.6 (26.5)° YS—Slope, TRIGRS
Unit weight, =, 17.0~18.5 (18.0) kN/m® YS—Slope, TRIGRS

() is Number of average

86 g3 =28 M29d M7=



E2dx 700 ~800=/Haz HE3ESF1L 919t} Biomass =
k1 Al S8 olgoiol 443 025500
wo)o] Hekzkw 271 1kPa2 Sj4ol] Zgskgich

b

333 A sy A3 74

Site-12] 2011¥%= LiDAR &% Z1E 5Smx5SmZA}
o] 4231 Hlo]E & MBS, o] x|elo] tigt A5z
Al 2 ERu) Ex) AalE o]-85te] T|Hkel A= E 423

FEIL Hlo|E = Heksto] ofof thel FAtet BAR S

BASATE APRO] A W 35EE o] 9o
Arno) 2oole] o SmolA ML £8 AAE U
EMJ|3 9tk AAR= x%xﬂﬂzi HEHFo] fAI5HH,

g010] e && upeh 2 9204 7}

5 W] e Holn Al AFS A4
AR BHAIA] 7= 7174782011 €] A
RAWS)ZRE AbAte] 2PA o] A%
U ARARE AESASICE SmesmA By
B3l ExEX B4 AN B Q
01%6}01 YS-Slope =& o2 AbALE] 3] 4]
97y wet ANt 7, wo BB, A4 9
& ol4:3k TRIGRS %32 o]-§5}o] v]a- 4]
A Site-10] 4= AGF 174, S5 2
: %z: 370l M Ak} et on, of
YS-Slope 28 34 Aol 4 0.80]5}2]
o 14—15]—141 = YA|Eo]tt TRIGRS &
AW 5 S5 Bhe 1429) Ak S

ASIse, YS-Slope 2] 5 Y A4

i

o:i 12

¢

N
O
H'l

f

e o

O
—_

32 ‘1)‘_111
o

oo xRt rZ
rlo > T

=

I}
L
o M

oft A
v rlo rlo d
e
S rgz

=2

Ol
=
>

(a) TRIGRS

AFALEROH A

A1} YSGWFE ©0]831 YS-Slope X3 0| Fig. 139] L€}
o mie} o] Ak WA RS ANk B 48}
A olake AL shlg 4 Ut T 2y 2R A7
AR E AgSIAE AR o] tet 4-Em o] uf
£ At o] Afolskal, TRIGRSS} &2 YS-Slope]
A% Asteo] BET £ o] eeka oo
wl, olefet % mYo] pAe] Sfs piA o= Az of
£ A3} et Aes BaEgc,

ﬂ.l
oZ

i}

[‘EF

N
[
rhu

& Aol A= AR sl Aol A *ll}oﬂ uhe} Hots)
= AJlre] RES ol & 9l GIS 7lvke] Mels:

g5 7IRI(YSGWF)& 7idstlct He% YSGWF =
W PRk s ues Agste] el ol 71
o] YS-Slope(Kim 5, 2012)2 7}A5}A T AQte )4
7o A5 S5t 71E A sfiA] 71 Bl A
Abe| e} vl aLst o, AR 4bA| o] ARAME oSl Higk
g e A S BR1stA ST A7 AnE aoks
W kg 2o

£ Aolq Aoket SA7Ie 7120 s147]
£ oo eARe Askee) 58S wE wey
4 olrk. EAlo] e A9t FNeE X
A7t AR el Akl T 79 H o)

: g

)

QO : Landslide(2011)

(b) YS-Slope

Fig. 13. Landslide case in OOsan (Mt.) and results of landslide analysis using the models

42 QI8 GISDIEHe] AL E-XGH=SE W= I8 HMet 87



(©)

Q)

M2 Ao
o3l
o
N
Y
bl
il
)
oo
ofi
o
2
>
=2
oy
B
44
!
=2
>~
Do)

o

>,
()
=2
=)
gl
(98]
N
(1
X,
ol
&
%
>
=2
=
Hop
1o
i

9
M tot
m
o
oN
5
ol
H1
We
s
1p
>
o
2
B
>,
o
>,
)
=2

Mooy 2
)
N
R
e
fin)
o
,
ot
1>
1o
rE
r i
tlo
b
B~
Lo
S
2
ol

I
ﬁ X
ri
o,
°l=0
o
ol
o
_:L

371 A0l §x[gE OO4t AbAFE AlellE TRIGRS
3|4 A1t} YSGWF 2EL 0|83} YS-Slope H8
o] S|4 AME vwst Tt Hlal 23} YS-Slope &
H| 02 ARALE] Y X9 Bk o eS| o
st Ao UEton],
AbA]of] TRt AbAbE) oSl A8 7Hs ke S
2

191t

o)
m{o

N ogh L
o

14

o m* 1

Al
o
2Rl 2

B e 2012 % AR (u]a ek o) Ao

2 FEATATHNo. 2011-0030842) 2] ]S o} 2=
gE| oo, ol & e =yyth
oz d

88

. Korean Meteorological Administration (2011), http://www.kma.go.kr,

Auto Weather System (AWS).

. Baum, R.L., Savage, W.Z., and Godt, J.W. (2008), “TRIGRS-A

fortran program for transient rainfall infiltration and grid-based
regional slope-stability analysis, version 2.0”, U.S. Geological Survey,
Open-File Report 2008-1159.

. Beven, K.J. and Kirkby, M.J. (1979), “A physically based, variable

contributing area model of basin hydrology”, Hydrological Sciences,
Vol.24, pp.43-69.

. Beven, K.J., Lamb, R., Quinn, P., Romanowicz, R., and Freer, J.

(1995), “TOPMODEL, Chapter 18 in Computer Models of Watershed
Hydrology”, Edited by V. P. Singh, Water Resources Publications,
Highlands Ranch, Colorado, pp.627-668.

. Borga, M., Fontana, G.D., and Cazorzi, F. (2002), “Analysis of

topographic and climatic control on rainfall-triggered shallow land-
sliding using a quasi-dynamic wetness index”, Journal of Hydrology,
Vol.268, pp.56-71.

. Fredlund, D.G., Morgenstern, N.R., and Widger, A. (1978), “Shear

strength of unsaturated soils”, Journal of Canadian Geotech, Vol.15,
pp-313-321.

. Goldschmidt (1960), “Hydrometeorological methods of quantitative

estimation of annual underground water replenishment”, Internat.

st=Xgtssisl=2d 29 M7=

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Assoc. of Sci. Hydrology, No.52, pp.272-278.

. Green, W.H. and Ampt, G.A. (1911), “Studies on soil physics I-the

flow of air and water through soils”,
Vol.4, No.1, pp.1-24.

Journal of Agriculture Science,

. Hammond, C., D. Miller, H.S., and Swetik, P. (1992), “Level I

Stability Analysis (LISA) Documentation for Version 2.0”, USDA
Forest Service Intermountain Research Station, General Technical
Report INT-285.

Iverson, R-M. (2000), “Landslide triggering by rain infiltration”,
Water Resources Research, Vol.36, No.7, pp.1897-1910.

Jenson, S.K. and Dominque, J.O. (1988), “Exacting topographic
structure from digital elevation data for geographic information
system analysis”, Photogrammetric Engineering and Remote Sensing,
Vol.54, No.11, pp.1593-1600.

Jeong, S.S., Kim, J.H., and Lee, K.H. (2008), “Effect of clay content
on well-graded sands due to infiltration”, Engineering Geology,
Vol.102, pp.74-81.

Jeong, S.S., Kim, J.H., and Park, S.W. (2004), “Influence of rainfall-
induced wetting on unsaturated weathered slopes”, Journal of the
KGS, Vol.20, No.7, pp.159-169.

Jeong, S.S., Choi, J.Y., and Lee, J.H. (2009), “Stability analysis
of unsaturated weathered soil slopes consigering rainfall duration”,
Journal of KSCE, Vol.29, No.1C, pp.1-9.

Kim, J.H., Jeong, S.S., Park, S.W., and Sharma, J. (2004), “Influence
of rainfall-induced wetting on the stability of slopes in wethered
soil”, Engineering Geology, Vol.75, pp.252-262.

Kim, J.H., Jeong, S.S., and Regueiro, R.A. (2012), “Instability of
partially saturated soil slopes due to alteration of rainfall pattern”,
Engineering Geology, Vol.147-148, pp.28-36.

Kim, J.H., Kim, Y.M., Lee, K.W., and Jeong, S.S. (2012), “A new
prediction model (YS-Slope) for extreme rainfall-induced landslide
hazard based on 3D spatial data”, KSCE Civil Expo special session,
pp.9-16.

Kim, S.K. (1994), “Instability of Cut slopes due to rainfall”, KGS
Geotechnical Conference, pp.25-47.

Mark, D. M. (1984), “Automated detection of drainage networks
from digital elevation model”, Cartographica, Vol.21, No.2, pp.168-177.
Mein, R.G. and Larson, C.L. (1973), “Modeling infiltration during
a steady rain”, Water Resources Research, Vol.9, No.2, pp.384-394.
Motgomery, D.R. and Dietrich, W.E. (1994), “A physically based
model for the topographic control on shallow landsliding”, Water
Resources Research, Vol.30, No.4, pp.1153-1171.

Pack, R.T., Tarboton, D.G., and Goodwin, C.N. (1998), “The SINMAP
approach to terrain stability mapping”, proceedings, International
Congress of the International Association of Engineering Geology
and the Environment, 8th, Vancouver, Britich Columbia, Canada,
pp-1157-1165.

Pradel, D. and Raad, G (1993), “Effect of permeability on surficial
stability of homogeneous slopes”, Journal of Geotechnical Engineering,
ASCE, Vol.119, No.2, pp.315-332.

Reddi, LN. and Wu, T.H. (1991), “Probabilistic analysis of ground-
water levels in hillside slopes”, Journal of Geotechnical Enginneering,
ASCE, Vol.117, No.6, pp.872-890.

Sangrey, D.A., Harrop-Willimas, K.O., and Klaiber, J.A. (1984),
“Predicting ground-water response to precipitation”, Journal of
Geotechnical Enginneering, ASCE, Vol.110, No.7, pp.957-975.
Soller, D.R. et al. (1999), “Proposed guidelines for inclusion of digital



27.

28.

map products in the National Geologic Map Database”, Digital
Mapping Techniques ‘99-Workshop Proceedings, U.S. Geological
Survey Open-File Report 99-386, pp.35-38.

Soller, D.R. and Berg, T.M. (2003), “The National Geologic Map
Database Project: Overview and Progress”, Digital Mapping Tech-
niques '03 - Workshop Proceedings, U.S. Geological Survey Open-File
Report 03-471.

Tarboton, D.G. (1997), “A New Method for the determination of
flow directions and upslope areas in grid digital elevation models”,
Water Resources Research, Vol.33, No.2, pp.309-312.

29.

30.

Topper, R., Spray, K.L., Bellis, W.H., Hamilton, J.L., and Barkmann,
P.E. (2003), “Ground water atlas of Colorado”, Colorado Geological
Survey.

Zonghu, L. et al. (2011), “Evaluation of TRIGRS (transient rainfall
infiltration and grid-based regional slope-stability analysis)'s predictive
skill for hurricane-triggered landslide : a case study in Macon
Country, North Carolina”, Natural Hazards, Vol.58, pp.325-339.

(B9} 2013. 4. 18, =4 2013. 6. 5, AALLEE A 2013. 7. 22)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


