th

SISTPYN- 2T

y0-£10¢ 4aded BUINIOM I3

The Study for Development of Climate Change Caused Urban Geological Hazards
Risk Assessment System

shRgizEy gy
Korea Environment Institute




)

AT AT

=

3 ARRI29)

T AR 2156 ($HENE) 122-706

A%} 02)380-7777 #2~ 02)380-7799

http://www.kei.re kr
2013 99 254

20134d 94¢ 30¢

A17-254

e |
o

od

3

978—-89—-8464-734—3 93530

ISBN




A

FT 7158} o QI8 Ao f7do] At Mskehal SlEUe 53], =AY
A As @Ao] FrFsEA Q1R B AatlaizE AX= FAYYE o2t A=
715 1skel A sl whE AR 0 S Sfiehy] 9%t o] Fadh Al
At

715 gk v =2, FpA ] s 9 9 B AduaAE 7HaL
e b A= 1 R o o B R RS A o B e o o i B S e e e
gl 715 Rste] i AEAs 2y ¢S5 dyte 27] ST

o e A 20d71e] AR kel A AaaAlE Akl ofF R
TR A A e 5 B B g7PS JWde] 13 72 ike
rhstak Al APFATIYT o] A7E HIROR - v Aqh &has) I3
HaL =y B4 Sl sk AEAlel 715-04 7P IR0] vhdEe], x| X[
sl el Alg HgelM Z15stel vjxls dPFe ARl vletetal o) 7S
O 71515} Aol theshs S AA 2lml AAPE v Ed 7 cheliE Utk
= o] A]ls ol YAl o HIARE: HIStele] ARl R ot ol e
AR teatel] ARSI okee] o AREelelomA e A P mws

oﬁ

jas

g
A AR AL § 34 15 U BT DAALTH oA SAPIE 2 1)
wg S






Hi

3

PN
T

3

0

P19

[

A

[e)

RN
o=

AAFE

15

9
pal

ol

[e)

=

A v

A

]

S

)

R

foct =

S

=
=

gslo] o

Al A

-
N

A BEAT

=
=

3

W 9 244 v

|

Aelg} o] ¢

<

Bl
o

A

fo] w2

S5 B 7]4ke]
[e}

3}

goltt. o= A

]

L g3ler, Heol

=
T

2 ol

FREABA B4 7o) 27w ATE L G

Ao Al el ATt 5

=
=

|

3} Afe] e

o3
T

7]

R

xr
g

3 % A

S

oF = A)

=
a1

ato] 2000t 7= Ak

S

571 9)

S

=]
o 14

o2 AZA F At wAse] T

=
i

7OP° EOI: 7]

ol

o 2
A0 R T8 FiE 78 X9} 84 FE 88 WA ATHO

o7 ®EH tEo

3]
-

O AL §

Aow BAEIT A5 0% 20008 Sulel Atele] 4 32

L]t

=]

H3lom, o] 7172 AAl -2yt

—_—

2003 2 20063¢] Jgko

o} 244

=
a

PASC A

[¢)

o

ol

=

3. i

anlé

[¢)

A7

o

jEoaun

3t

9

3

1

9
pal

°f ¢

ST
*

Bl



A& B, Caineo] AIA S -2k A1 8ANE 5 AbAke] A AR b A9
Seuele] 20000t Aol 2004138 #9137 717ke] Sgeie) o) el
Zhe] - ezt Adabe] e wle- g et PAIYS vERITh

olgfst AT AME vhgo R, 7|§Hslel ue T4 A WA F AtAlE B

AA vlS ek ARFS O H7kes 39, @ F7FR S, Q) W7k A% 7Ws
ZHoR TR ARSI Brhes S H7kesd] AlE FH 2 FHS
=8l BAAX 0 EAS ndd U5 Am o] Fgo] a8HY Zo7 At
oAtk mEsh 7 dRtE oF 2 Akn.e] BA4o] 719 B Akm9} th2Y] wlite] of&
e s e e e 1 ES ARSI B7h Sl 71
FodE7HE A st GCI e AlAlsk,
S ghgaetel diste] =olsisltt B7HE Sl 7Nk Akw Sl 71§
Wgke] ARl EEAEE wolskal theket 7)st Al eE dgshe
4 54 7S dEshe WS st 715k BEAdE EolE WUkl

AIABFSATE

Y
Mo
N
)
i
S
e
=
ol
1o
of,
ot
WE
AN
(o3
&‘“

tlo

FAlOf: 71513), AR, KA, 2], AT



A

0 10 1 o

jid

Hed =

12
12
14

7P g g

3

7} =

15
15
16
16
20
23
23
30

a9

X3

7+

su

3

1 3533} A2

b

)=

il 2y

9]

s 4147

q
70

o

¥

3.4

i 2[A3 XA oS <

o]

= ANEH

et

=

Hag =Uf 7|FHsE

33



33
35

37

39

- 42

5d
[

i}

44

- 46

ol

I



# At

A
ke

A
FKl

A

fe

2-1> ALAbE) FPYE AL 9% V1% W A

2=2> AREE 7|nke] AAte) HRYE e Ths %

3—1> Caine?] AHALE] A9 HA



a8 A

<19 2—-1> ARALE
<19 2-2> ARALE)
<19 3—1> AkALg

19
21

=13
=

21

22
29

32
- 36

<1¥ 3—6> Caine?] AHA}E] wHg7)

<I1¥ 4-1> GCI MEs 2

il
]t
;Oﬁ

Ay A



1% M 2

M1g A

o

e AFES, BF e A Fo| 343 AAn wsle] o

[‘

sto] Al Abel AR7h FUA UiEes @4 B3 gl AEmAe o
B7b BedoR WY Ee dsehs AL ovat Seludeks vid 64

5} 99 Aolol] WFEE} BAs=, Seleks F2 o A7l XA
a7F dojur, oz <13k 1Y B AakEe dr STkl Sl Aol
o Aol ZFusel] slstel 5 mmel S04 E97} v o
71$AMdo] grolA|an 9lrk IPCC(Intergovernmental Panel on Climate
Change)ellAl 2007 L7Hel “Alat 71593) %7F BHaa]” 2“5
Z|FAPgl gk 7] $Wst A 5 R (2012, IPCO)"E A7k
S5 22 wgoR V|$Rst S dsAAR VsHshs Ve
g 27k ofsle] ko A7) ol Al Ay Aom o5

STk oleld 1T A% T L FVA JFALE LA

rr

AdAE WY A Rolrk TG Telste] GF WAl FH
A0E dPgsle AN e thbgeln FHHe U $Aol Be
sk R EAAGe ARAE SRS W e A9H S4e) v
sto Beld, AAA ek 20 wgeks o AdAe B ThsA

0 994 ke AL B TN AapoE FY £ US Ao

75slel o) a0 AR Qg I w ARETE elyeli o)
7] 915101 71Fsts} el A QA S A Aol Basie
o1% Sl3tel T % WA st ARAN] FUUAS sotste] Z

o

1



ZlFHato| Mg =AXS XA 2|23 HA OrA

Rstol] ke AEAE] ] A olSehs Zlo] Fasith BESk 7|5 ste]
whE 7 RSk AR 0 oSohs W E /R S8tk Heo] #e4
Ao gl A2o] ol A e] AldAs WA QXS sRetshs W o] a1 est
sk, 715kl A AdAE] 24 9 1S WS o] JiEE Elojof Stk
nlg 7)1l tist B3-S Fola el 7Y WIskE oS3
QL= e AAIG 7V S 919 9 o] Qlojof gtk o] niEe®
5 Qlrk w3 SAA o A A E
A7 Slsl st 24 3RS AEIAE Solo] E536] Sk
B AIRHY Q1) v 85 Anlstolof st} Hosh AR HAIARIGIS) & o]
afo] 715wt 9 A Al A st SR dlojeulo] A AlSA 0w
AT} 715 R8) AE AR AlAAts G 9 FoRd
B7 RS Aol A Y el
ule] A Qe g RS 5T = Q7] Wil skow YR 5 Sl
= A el ot s ot Bert 7ksafxich
71588} Aol Qlolx 7HE Fash Fd 7| eRis sk A1
VIS Ao HAek= Zlofnk 715 wste] SJate] njgf AFAgH Yl ALS)
o] Wskgth= Goldelli= ol o7t glvk Teu A g e 54

53te] wislol Sl tiek AR Ee HSE A9 gek] $AS P

43 % gl ol vgow

1=

N
M

i

FHAAE ZAskaA Ak S AAAe B8 Ay P 2 =94



3

1% M 2

o] 2000

b 913

5]

= 34

o]
X

oo

el

feke] dAE A4

9]

}

-

==

7

]
T

o

= Zog

[

A3k gk, ol
y

HA
=

=

It} A 20d7H1991dHE] 2010

AR

o

=

Aol R sHA

)
3]

A
j=]

=
a

1

Aot} $-Eukeke] A4 20106 2 2011 A2-9)
3

x| o] 74O F ok 429%

Rs

J

RS
ar
;1(:]

|

-

T:
7.

],

Zuet 1E9] 710%7}F A

|

<

A7 8l 53] 2011 748 2698 299714 49
(e}

SRR

cilkc
7

I

=
=)
=

71gk

o} ARAFER7}
.?_

A E!
7.

[

=

=)
R = e I
(eZ|

],

5

THOR Alef

A7) ]
o} BTt

-
N

o0



X al
toff & =aXS XA 2/A3 HA orA

1o

r ™) i o ._A___._._
5 !
ofl = o
3 3 &
3 ey S =
Rw| (B3] |=2
— 0 :._D T o

ll — Ik =
Il J OF X0 - ol
R r
<0 L
—I—I_ Y o L 7

r
100 &
~ KIr
0

10 &l
~ KIr

<8 1-1> H39 A



M2% EHXY KB LR U 24

N2& ZAIX|H K& sH walol al

TR AAAE T el B =07t Ha 9l AAbEle] EAl el
0 AR L] THEARL B dxA|o] Aztetolof gtk ARAFES] <]
Aot & T o520 E3HE0] FTHof sl A ol E 3] EaskA
U, w2 Wolx= @, e v & wlet |ireiRls AeE el 1y
2-1 3=, dwtA o= 710 A Al i A= A S R
SPE| QAT 12t 7141 AR AR T A F A O R 5AY

o} A1) oA Slojup, o] AZ1gEow Q1F sk B Hojel
r}

rir

W A] FA2jQl F5F A AFHTRO o e 4%, BRR

APAS] Fgo] S Ak olo) o] HEESTH AtEle] Fast 97
2 WSALARE B A o] Aol o]
#HI5I0] QR=7R= ok 245 PElo] X Rtk TAels 799} ARt
of 9lof AWFS el aHo] AulEelglon), @ Fels P9

of W slHo] SAls T A9 B4 8 A% Ads) pelE 20e

0
-
i

o
N

o

N
O
0%
ol
j—ﬂ

=



6

ZlFHato| Mg =AXS XA 2|23 HA OrA

ol

Aouich TR 5AS 71 9o 7R|os A7gste] 11 B4
WA B Argdo] Adwlofof gtk tlimo] 7]§Riste] 2Jsto]
S97F STkl Qlom ol A A o] AR Rl 2jlo]

S

(o5

S =
= -

],

N

]_/,:7(-1
=0

)

rir Lﬁ
™

o off K

2

[—Hcad area‘l

. Head
scarp

Slide surface

Transverse cracks

<OE 2—-1> AAHEN 2 R A= (Varnes, 1978)

= Rainfall : rainfall intensity, antecedent rainfall

Direct

=~ Seashore and river erosion
Factors

—~ Natural Factors 8 )
- Earthquake : intensity, wave length

Factors of ~ Geography : Dip, Aspect, Shape of slop

Landslide Indirect | Geology : Structure, Rock type
Factors

= Soil: Soil type, Grading

— Vegetation : class, Density

- Artificial Factors : Cutting, Banking, Development of mines etc.

<8 2-2> AAE] 2hy 22 &= (Bromhead, 1992)
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ARRFES] Aol AbAREe] HeldwA, 7hed i B Sk
ofF WA TGS el H2 9l AA w9 vje) Az AR £
A A oAl Slste] diSH, 52, £FH S0 el A8Hn Ak
oM ATt Axlat 22 TS woks o AP} dojd 5
T AHAQ 7Fs S vl ol d AR F o Al o2 714
o) glom {19 ARe] HAHER PRGN 1 ol AR 24 71
o] Fale] whebA th27] wiiteh 2%A2 1:500,000 o<l o AnE
ARg-ato] A8k, THH2 1:25000~1:50,0009] ARE AR-aha, T2
15,000 o<l AkE AMg-oted AR, ojef gt HH o] gk AR F ek
T4 7 <3 2-1>3) g

eics
ox
S

o] 0]

1z

=
4
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CH 2—-1> MAE] F UM &M S Q5 7| L AH LY (Bromhead, 1992)

Technique Characteristics Scale
Landslide distribution L L .
. b Analyze distribution and classification of landslide r,m,l
analysis
Landslide activity analysis | Analyze temporal changes in landslide pattern m,l

Calculate landslide density in terrain units or as isopleth ;
map

Landslide density analysis

Geomorphologic analysis Use in—field expert opinion in zonation r,m,l

Qualitative map combination| Use expert—based weight values of parameter maps |r,m

Bivariate statistical analysis|Calculate importance of contributing factor m
Multivariate statistical - .

. Calculate prediction formula from data matrix m
analysis
Safety factor analysis Apply slope stability model 1
Score method Apply score table 1

< r: regional scale, m: medium scale, 1: large scale
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AFAME A& T3 o] ARgET) o] MRS ATkl o)xddt e
oJsto] Z¥zt Q48] 7FeAE ASkal(Analytic Hierachy Process, AHP) ©1&
v O 2 AL FHOMJEE At S5A oA &) AR At
A9} s Zb2ke] QR19t Al ole] PAT) SHEA 0 FAGHA| B AL,
1 ARE o] gste] A FHoRerF A4 Hn). FEA0R FAo Fast
Z¥z¥ol @ Q152 DEM(Digital Elevation Model) . ZHE =3t AL A}
A FESE B4, viA, A, BA|, FEEA] glom,

B, Aa, 9 o, ARERRY FEE oY
I Y Tl FEShs Adrx 9 EXIO]%E, A G Eox FE55 A
o FHod BS99l ascil

9 thE g2 wglelo] Ao HFH 2= GIS HolHuo] 9

{

<E 2-2> XE[FE J[He MM FHALYE &8 Jts YL (Lee S, 2001)

Type Layer Attribute items Data source
Landslide Landslide Date, type, activity, depth, dimension Field survey
Geomorphological units Geomorphological description Topographic, Soil map
Altitude Altitude
Geomor— Slope angle Slope angel
phology Slope direction Slope direction Topographic map
Slope length Slope length
Curvature Concavity/convexity
Lithology Lithology, rock Strefqgth, discontinuity Geological map
spacing

Material types, depth, USCS, classification,

Soil - - - Soil map
Engineering Parent material, soil drainage
Geology
Fault type, length, dip, dip direction, fold| Geological map, Airphoto,
Structural geology X .'D g p .D rec . o g. P . P y
axis, lineament length, direction, density | Satellite image, Field survey
Seismic accelerations Maximum seismic acceleration Observation data
Forest Forest Wood type, age, diameter, density Forest map
. Topographic ma
Land Use Land use map Land use and cover type ‘D graphic P
Satellite image
. . Rainfall, temperature, evapotranspiration Report
Meterological station . .
Hydrology Drainage. Basin Type, order, length, Order, size Topographic map
; 8> 8¢ i Depth of groundwater table AWS(Automated Weather

Groundwater table maps

Water drainage Lineament Station)
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AR X @AM 9] FH ok (Vulnerahility) S J535-$ 245, A7 &
A= 2Rlo] AZe ol 1 Aefo] drpt AbALE

Aalk= Zlot}, AL 7FsAl (Hazard)S of® =90
AR FHeRdol =2 7wl A Wik B AR 5o AR fecle]
Y 7k el 1 7<l‘—’ﬂ°ﬂ/‘1 AR E ek 2 dofd = Sl wAs)
= Aot} 1]l A 1A (Risk) AR AR 22> 7Fs/del 1
AR 5 YRl e AE Fo] st ZloR AR QI I W A ES]
&l 7Fs/do] ArRRIVEE #Ash= Zloltt o] & 4o wshd ofgel 2tk
olgfgt 39AIY A I F & Aol AbAte] ok B 1 el dhst
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Abstract

The Study on the Development of Risk Assessment System for
Urban Geological Hazards Caused by Climate Change

This study analyzes the quantitative relationship between the volume
of domestic rainfall and landslide vulnerability based on the analysis
of causes of urban geologic hazards with a particular focus on landslides.
It also analyzes factors and measures for risk assessment while aiming
to present suggestions for the development of a future geological risk
assessment system.

To accomplish this goal, the study selected the Umyeon-san case, a
recent climate change induced urban landslide which resulted in
casualties and material damages. Using this case, the study examines
recent research trends, analysis methods as well as causes of the
landslide. The result indicates that a great share of research has been
conducted on climate change scenario downscaling in recent days.
However, spatial statistical analyses based on probability statistics
models have been done separately from climate change scenario
downscaling, which implies that the assessment of risk and geological
vulnerability factoring in future climate change scenarios is at an early
stage.

In this study, for a quantitative analysis of correlation between rainfall
and landslides occurrence, data on rainfall and landslides in Korea in
the 2000s was analyzed to calculate numerical values of correlation
between the occurrence of landslides and rainfall volume (daily and
accumulated) and maximum hourly intensity of rainfall. Cases of
landslide were concentrated in mid to end of July and that of August
when daily precipitation volume was very high. Daily rainfall exceeding
164.5mm is categorized as high risk for landslide. Rainfall that continued

for three days was found to affect the occurrence of landslide in Korea
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in the 2000s more than any other number of days during which
precipitation lasted. The correlation between the intensity of hourly
rainfall and landslide occurrence was most apparent in 2002, 2003 and
2006 which were the same years when Korea had significant damages
from typhoons. Finally, the analysis of rainfall intensity and landslides
in Korea in the 2000s together with the rainfall threshold for landslide
initiation presented by Caine shows that the landslide cases in the period
corresponded to rainfall intensity exceeding the threshold, except in 2004.
This implies that the rainfall pattern is highly correlated with landslide
initiation in Korea.

Based on the analyses, this study presents suggestions for landslide
risk assessment system by examining assessment factors, assessment
methods and base data for assessment. In terms of assessment factors,
data forms and scales have been discussed and the use of large-scale
data is recommended that can meet the needs of analysis on city areas.
As for assessment methods, the GCI method has been suggested, and
its possible applications examined, as a way to improve the existing
impact and vulnerability assessment based on expert surveys. Lastly, the
study discusses uncertainty involved in base data for assessment which
arises because of the nature of climate change itself and suggests the
use of various climate scenarios and forecasting methods to reduce the
uncertainty.

Keywords : Climate Change, Urban Climate, Geological Hazards,
Landslide
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