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Abstract

In this study, application potential of SINMAP, a GIS-based landslide hazard mapping tool, is
evaluated through a case study. Through the application to the severe landslide events occurred
during a heavy storm in 1991 on the Mt. Dalbong area about 78 kilometers south from Seoul,
SINMAP successfully spotted most landslide sites. The effects and proper ranges of three calibration
parameters of SINMAP, ie. the soil internal friction angle, the combined cohesion of tree roots and
soil, and T/R, were examined through comparison of predicted landslides with the landslide inventory
data. From the findings of this study, it seems that SINMAP could be used as an effective screening
tool for landslide hazard mapping especially for mountain areas with fairly steep slopes and relatively
thin soil layers.
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Fig. 2. Infinite Slope Stability Model Schematic
(Pack et al., No Publishing Date)

Fig. 1. Landslide Scars from Typhoon Rusa (The CHOSUN IL BO Daily Newspaper 4th, Sept. 2002)
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Table 1. Stability Class

Definitions (Pack et al.. 2001)

Condition Predicted State Possible Influence of Factors Not Modeled
SI > 15 Stable slope zone .Slgmfl.c.ant destabilizing factors are required for
instability
125 < SI < 15 | Moderately stable zone Moder'gte destabilizing factors are required for
instability
1.0 < SI < 1.25 | Quasi-stable zone Minor destabilizing factors are required for instability
05 <SI <10 Iz“sr‘:ier threshold slope Destabilizing factors are not required for instability
00 < SI <05 Upper threshold slope zone | Stabilizing factors may be responsible for stability
SI < 0.0 Defended slope zone Stabilizing factors are required for stability
Wy RS 10 B Aeg AHe SI= Ren =F(outcrop)e= A WHHA Frh wet

Prob(FS>0) =0, & AAAASE 00] Ark
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Fig. 4. Soil and Landuse Map around the Mt. Dalbong Area
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Fig. 5. Landslide Map of Mi. Dalbong
Table 2. Characteristics of Mt. Dalbong Landslides (Park, 1994)

Ttem Length Width Depth Area Volume Slope angle D/L
(m) (m) (m) (m®) (m% (degrees) (%)
upper 12.0 upper 0.7
Average 29.7 middle 145 middle 0.8 390+ 305 30.8 39
value (4.1 ha)
lower 12.7 lower 0.6
* Note : Area is re—estimated from length and width of landslide data. “4.1 ha” was the original value

given by Park(1994).
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Table 3. Test Cases of Soil Internal Friction Angle

Item Int. friction angle Reference Remarks
{degrees)
Case 1 %5 ~ 35 Park D.K. (2004) Soil classification tabl'e of Korea Land
Corporation
Case 2 30 ~ 45 Pack et al. (no date) SINMAP default values
Case 3 38 ~ 43 Kim et al. (1994) Field soil sample tests

Case 11 F=TEATAL] FEFEA AAE FH Wl
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H& 7 g A we) 25°~35° AEZ vEehd
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Table 4. Estimation of Specific Catchment Area, a =(T/R)sinf (Unit: m)
Item Mean Std. dev. Min. Max. Remarks
Contributing area grid from
Method 1 29.12 46.06 1.0 644.9 SINMAP
Method 2 29.16 15.90 2.3 994 Manually measured
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Table 5. Test Groups of T/R (Unit: m)
T/R group Remarks
1~30 For sensitivity analysis
5~100 Determined from the measured (T/R)sind
10~200 For sensitivity analysis
20~400 For sensitivity analysis
2,000~3,000 SINMAP default values
Table 6. Test Cases of Combined Cohesion
Item Cohesion (No unit) Remarks
Case 1 0.00 Jang et al. (1994)
Case 2 0.00—~0.25 SINMAP default values
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B2AE T/RY ASAE AR 8m Bt thih &
%lol 100m=Z 343} t}. g8, Table 49] Method 29

T8 a =(T/R)sinf A7k 2.3molAl dgkA 9

Zeo Whjox HEAPAZAAL 308°F AHgste] T/RO
S8 5me FASUE £ =EolAE Table 50

AAE vhst 2ol F 57bA A2 T TR W9
o 444% v AEsA,
Al A UH7HtE—’F°J A Co EH?‘SHH% 7Hge A
o=

RN s 52 e a% 2

ﬁx
0

(Jang et al, 1994). wW2}4 Table 67} 2o
T2 TEste] &3 AARE QG e
AESA Eq. (2)oA4 At nle} o]
Az Ce AR e Fo Aa4s ek A4 Az
g1} & A A v|2A Fapoltt
SINMAPe]| ok A 7b4] w7 Wzt 273
Holl w} ArcViewdl4] SINMAP Z23-& st
o ARE BAr) F 307k A% e =
goll diste] B84 2en, H7]eldE 1% Run No.
29 A9-E di Eo] SINMAP AxkAgel #)4o
i3] ZFeFs] AHsiEa FAARL 4L T Ao V)
<=3tk Fig. 72 F58A49(wetness index, W<}
A ER 9 kA BAARE S FRE vERd
Zlo|tt. Fig. 7ol Vel npel Zo] FHEEATI w1
APEWV} H AGEe] WA ET 2L Ao
75 NSS4

Fig. 8% FaaATet AFRGEAT 2 A &4

F8 & g 9L A R A0 3
1
Z+

3948 1SR 20064 1H

A= Bdlste] vekdl Reltk. 19 & & 9
Hlo} o] AL EHL tiRE ARl S
SERH glom AP AN RAPES dEd

Ad fEAgT ad & dxsn e & &

. Jeln Fuleld] Yubgoz whAshE Abekg
At Relme B2E FHo8 Selold §

Blel AALEZE BT F SFTN ENFI G945

= A4e ¥ ndFn

ot 39 > o rfr N

r

t
—

[e]

4. SINVMAP HEM ZE: 0|53} M&XI=S| HIw

ZbAE AEAYe] sk SINMAPY]  oE5%H
(performance)S H7}517] $8le 2 =gdMe o
o] 7HA HxE E=YstArk () e E4A of
3t SINMAP d|Z9] SI Hax|et ZFEHA), (2) AHALE

7} AR o5 A9l sk SINMAP 459] SI 3
;*ﬂ@r EZAAL, () AL A = S0 AR 9

R ARzl A Folth. SINMAP o359
B et FFHA A SINMAPS] AFAQE
A SI AE A7 A28 Feolnz AL
AFA =2} ArcView Grid Analyst Extensions ©]
shed Atate] EXA A AbAbelst BAEEA ¥ A
ool 2t5E 74 FE(extract)st] FAAE AP
ok ARRFEZE AR X Fol djsia] R ofuE} 2k}
7 ASEA @2 Aol tiEM & SIE Huste A
£ SINMAPe] e S S 2 s 37}
& B3] 9@ sk

AR AAEE AR 3 SINMAPOIA d5E HPE
5 (predicted state)7F grbd A3 JA & L8}
=7He AH 7] fste] abe] AR E ] 671 SI
O% WellAl o9A EXIEAE EAE HE5H
Bttt olE YsiA B =R AATEEAA
Z(LIP) 2] SINMAP 8% 25 HsiA Ea. (<

i

bt
11

011" ot o2 C.L) i)

29



14
fiity (ndex
[ Stable

$ Mederataly Stable
s\ G\ Quasl-stable
Lower Thresheld

Upper Thrashold
Defendad
. No Data

M B e 160 e
e p————

Fig. 7. Wetness Index Zones (left) and Stability Index for the Mt. Dalbang Area (Run No. 22) with 1991
Landslide Data (right)
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Fig. 8. Comparison of the Sl and WI Zones within Landslide Areas (Run No. 22)
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Table 7. Weighting Factor Criteria for Landslide Initiation Points

Condition Predicted State (PS) Weighting Factor (WF)
SI =15 Stable slope zone 0

1. 25 SI <15 Moderately stable zone 20
< SI <125 Quasi-stable zone 40

0.5 <SI<10 Lower threshold slope zone 60

00 < SI <05 Upper threshold slope zone 80
SI < 0.0 Defended slope zone 100

SINMAP ¢|Z&9] A3 % (accuracy)= AHAMEIZF 2HA) Ao Eekd AA 2= A o) e SI7F 1.0 Bk

g A 9Q1A ] o fof we} thFo FrHA] AER gt
off disin = AbAtel £4F
Amel Al 2batel EXAHo] E3hE AA 2= A 5
o thal SI7F 1.0 B} A} 28 A9 49 n&
A9 FA} (2) AAFEIZF BAEA] e Aol tiF|A
= A EFFARANA ARAFEZE S &2 A

STk (1) Ae EHAY

e Aol ol ugz Aol

Table 82 SINMAPS] 3714 wisfiigge
o‘l"(—l, E‘l"] LH‘[*U}'Z]'Z}‘ 37]—X]
A2 2714 29 x TR 571K A& A8ste g

olat 30717)

2ol ANEE dEeta o8
AT FHE 4T ol

Table 8. SINMAP Analytical Prediction Results for the Mt. Dalbong Landslides

23l

g x

AA AALERREZ 9 W]

Int. friction Combiped R Lagclisﬁde scar area < Safe area Weighted | Run
angle cohesion (m) Accuracy Accuracy score No.
(degrees) ) Mean |Std dev (%) Mean |Std dev (%)

1~30 0.31 1.55 95.80 1.88 3.53 28.72 95.0 1

5~100 0.32 1.55 95.75 1.90 3.52 28.88 90.0 2

0.00 10~200 0.33 1.55 95.64 1.93 3.51 29.51 85.1 3

20~400 0.35 1.54 95.46 1.98 3.49 30.97 81.0 4

2,000~ 3,000 0.86 1.54 70.69 2.58 3.38 62.53 63.2 5

25~35 1~30 0.53 1.53 95.80 2.09 3.43 28.72 78.0 6
0.00~ 5~100 0.54 1.53 9B.75 211 342 28.88 75.0 7

10~200 0.55 1.53 95.64 2.13 3.41 29.51 73.4 8

025 20~400 | 060 | 152 | %46 | 218 | 339 | 3097 710 9
2,000~3,000 1.09 1.47 70.69 2.70 3.30 62.53 54.6 10

Average 0.55 1.53 90.67 2.15 3.44 36.12 76.63

1~30 0.53 1.58 85.96 2.27 3.50 46.08 83.9 11

5~100 0.47 1.55 92.10 2.14 3.48 36.24 78.8 12

0.00 10~200 0.50 1.55 91.97 2.18 347 36.99 74.8 13
20~400 0.55 1.54 91.66 2.25 344 38.87 72.0 14

2,000~ 3,000 1.24 1.49 4451 2.94 3.28 77.32 425 15

30~45 1~30 0.83 1.52 85.96 245 3.40 46.08 66.4 16
0.00~ 5~100 0.76 1.51 92.10 2.33 3.35 36.24 68.5 17

10~200 0.78 151 91.97 2.35 3.37 36.99 66.6 18

0.25 20~400 0.82 1.50 91.66 241 3.35 38.87 63.9 19

2,000~3,000 1.34 1.44 4451 2.99 3.24 77.32 41.0 20

Average 0.78 1.52 81.24 243 3.39 47.10 65.84 -

1~30 0.55 1.60 79.68 2.34 351 52.85 82.9 21

5~100 0.57 1.60 79.61 2.37 3.50 53.11 76.1 22

0.00 10~200 0.59 1.59 79.41 241 3.47 53.84 71.6 23

20~ 400 0.66 1.58 78.79 2.49 3.44 55.81 67.2 24

2,000~ 3,000 1.63 1.51 14.68 3.42 3.21 92.80 22.0 25

38~43 1~30 0.86 154 79.68 2.53 3.40 52.85 64.9 26
0.00~ 5~100 0.87 1.53 79.61 254 3.39 53.12 63.6 27

10~200 0.90 1.53 79.41 2.57 3.38 53.84 62.1 28

0.25 20~400 0.95 1.52 78.79 2.63 3.35 55.81 58.2 29

2,000~ 3,000 1.69 1.46 14.68 3.45 3.28 92.80 20.6 30

Average 0.93 1.55 66.43 2.67 3.39 61.68 58.92 -

Average - - 0.71 1.53 82.06 2.37 341 46.12 69.25 -
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Table 8 vield kel Zho] Zof ujFulazH(¢)ol
SINMAP AFgcbgsie] 7B AAAQ 932 7A
= sS4 F Aok 53, F ez
sleHAl(S, 25°, 30°, 38°)% Eq. (B) and (6)°l el
ulo} o] AlHCHAAS SI ke AARshed AA A<
&2 3h oo whE} SI F |9} AR AR A 7
A% EF71E%Y 9B A=E vehdie EEd
X)(weighted scores)oll ZH Ao g2 9SS v|x= AL
2 BAEQY &, Akl ApEE Al Sl Ht A
= F vzt sisklel nlalste F7ket AAe g
AAHE dEd APeete] d@gel dE EETA
Zaste AgS Ve AREZE EAEYE A Y
o g SI9] FExl= T/Rel 2,000~3,000mel ¢
Astars BF 10 olstR vEetstem ARAbeit
A SR AGE dEiME 1.88~3459 ¥
£ el SINMAPS] ¢j&53e] Agtaos 43
Ao EAHGD.  E, AR BRAAHE
SINMAPe A Al4te 18 E 277153 o= = o
A A FEEAE YERe /N EEA = 206~
B0 Ael2A H|A7} HlwA Fow Fo| WFuiEz
oo = R T/Rel| oste] A J&e e AL
2 Yestth

AL AP a7 BAEA] FUE A
3t dE9 A& E(accuracy)= T AH HF 45
o] AT dPHE ZAE dart Jlvkal How, o
W B &9 uiR vz 38°~43°7} 71 A%
A3E Hojx gt FHdEH, 1 gl EE 30°~
e, 25°~35°9] o2 AHAY AoR dAddEr. Y
Wioldzh 25°~35°9) - ARAME ZAAFe oigh
&0 AFEE N67T%E w9 =X AL 7F LA
a2 ggtd AFo disixe 36.12%9 w-¢ W A
g2 Yepta ok wEhA 284k Agel &9 W
Hopadzt 95°~35° 5 A48 A AR RS Fe
A = HE rtsAdel e AeR ddd

Agea)el Fo og FaAE Ce AR S
3 A7 dojuiA] ekokd A Ho] tigh o5 A g
Lo APYeR JF& XA T AR Y
t} o]AL B =HolAM HEZ F 7iX HiEHEHe| AL
BE B1HAZE 0002 BYshy] wEelth v
SINMAPS] 712zkel A#3 00~0.256% HEHE 7
A& AHE, A3AL} saA 25 00)ol Hstd A}
et AS SI Ha Aol oM E tha B @S YE
W AR o] dEd YEE ERVIEH A
A A dAHE FEE VYEUE 7HEETEA(WS)6

L T o

fi

Ao e AdrEo g Fo 718 no GRAF A9 4
Azt Fo] Ak AXHs FdletA Bl e
YERTH

SINMAPS] A #A] wi7ig4 T/Rl daf & =&
ol HEF 571X 9o st Eg A3} T/Ro|
1~30m¢! 7% 244709] ARATE] BAAHEE FollA
69.7%°l g3l 1707) A Mol ¢kd E3te A9 (fully
saturated zone)oll ¥8t5= Aoz &=t} 12y
o] AL Kim et al.(1994)0] SFellA As3dt E8At 1
239] 4kALEl dAgo) Uidt AP MR8 4 (infiltration
analysis)olA #4313k Aol H|Fo| & wf Jxd Ao
2 gt 259 AR ZAT oJshd AR

2 9& Al AR AFE U AFE F AL

o] Ateje} A=Y EA R Fol| wep 1.256~3
AZE ol APEe] AstgeE Higel EEstuth
A st 7E Hargel o] FEjolA o] Aba el Adiss
SEE A EAE {9 A2 R Y gdsiR
W AR 70~90% olulgl Re g yehgth v ¥
SE A e I APA Adel e AT AME
shetolla] AP Zolel digk 10% F=7MA #7139 &
A x3td AspulE sk Aoz vEdTh

g B =T HAES T/R FolA 7P & g
2000~3,000m$] A9 -] AAE BAAAH
Eo] AMEA g e e AR 4F5Hn
t} o] A4E 9A 42l T/Re] 1~30me A5 o}
WA 2 @Ak AAbe @39 2] REEA de A
o2 gwadd g, T/Re] 5~100me] 735 24470¢]
AATEPRAA RS FollA 7l A3 (14.3%)01 &A
23y A D (fully saturated zone)ell TIIHT, UnA
20978 AH(@7%)E FsEHAAY dF xIE F
(partially saturated or possibly saturated zone)ell 33
He Aoz 93t vk T/RES VIR wet £
3l¥  A|¥Ksaturated zone)®} HIE3PE  A¥Hun-
saturated zone)S TEIHE HFHEAY JlES HE
718 Hol g B2 ARAE BRI E] v A
%23 & 279 Fo7 olFsiA "ol dellA AA iy
wirse AAR Fol Yy upazh 33°~43°9 Fit 4
Aol Hae g FAagte 4(Run No. 21~25)° tist
o B w=For HES 5712 A$-9 T/Rell disf 7%
BIAE vas] 2 o 5~100me! A-%7F L8 AAL
HE 71 HdsiA Adsta e Ao Helrh

0x
=

¢

= T
By 30 Ho

g Lo

5. ZE X wrgs
SINMAPS Adate] B8 (steady state topo-

BEKEREERNE



graphic hydrologic model)3} -3 HAAPA s A 2
(infinite plane slope stability model)2 A3t GIS 7]
wko] AAle) 8% A Tz ade)d) B =Rxs
MEA FEo g oF RAZME XA x5 &
Al A At 1913 78 AF 594 AT AL
glo digte] SINMAPS #-83+90.m, SINMAP o3
< 7154 A 2R G v A Z dRsE Ao
2 UERdth SINMAP 22139 37k4] mi/Rs(E
o] wiswubEzt A= T/R)el diste A3 AbAbeA)
Fole] HNE B3l HES A3 EBA X Ho) 3t
&9 W RmpAzhe 38°~43°7F HAd Ao BAHY
o} BEgF 25°~35°F o] A FY AMEH HEEE A=)
A wA G5 7FsAde] e Aoz yewith 9,
2 gate] el Fe] Faeol Arte] Ao wXE 5
£ FAE 5 s Roz BNHEIH o] AL o] XY
o] Auke] R#A FEMLoE Fo| HFHo| FAg
T U BEE Ao, AAe] BEE Vueks B &
oJ7H4] %3151 1.0m o9 &2 EZe T =1 Q7]
oz FAET ¢, Auke] wiEAS uky
T/RY 7% 284k 9L 5~100m7} 4A3% Aoz
A= Qi)

2 =S B3l SINMAPY HEA4S AEs 2
27 SINMAPS AMA AHAPL g3t BF oyl &
< T A AR EE dudes Hrlehs
8o =77 2 ¢ JS Ao B Yoz =
ol X o] ghlkgl AALE] AT-9F HHS fHSHE Y3l
Al AT AR ok AEE S 759
217} AdgEolof & oz AlEH) ARAbEz) HAYE)
3L upAd Azrel Aty ol AbAbelel] i3k AbAl g
FALS} 7188 At Zlo] Fa38hH old g §F
A=z B odake] ko] das Aoz Algdn)
2 AT eE g8t A Adateld] St AR}
FARE T H84E =o7] e de=
theket Abe ZA(AA, ARk AMEAA, EE R 5)
| gk = We A77F 28T RAeg AlRELh
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