GIS L3 %3 58l

RiskCity

WHIMER, GIS AEKIER. BEE. Hn
T30 XU B 1A R B vz A

Ward & census ~ DEM Lidar il

Landslides Flooding Technological _ Banthquake

, —.{ Risk = Hazard * Vulncrabvi]ity * Amount
¥

Risk curve

[

Flooding Technological Barthquake

2008 £ 11 A
Cees Van Westen

UNU - ITC School for Disaster Geo-Information Management
http://www.itc.nl/unu/dgim

\\\Q) (/r

VQ{{} Associated Institution AT
gl& UNITED NATIONS UNIVERSITY -u..,'_':f_:_“i s
ITC <>




Case study: GIS for landslide hazard and risk assessment

%3] 1:

%3] 2:

23] 3:

2.23] 4.

23] 5:

i3

ILWIS %RH4NBREHEE

SRR AN R B ] 0 0 A ST A PR AR AT 1 45 i

NP GETH 2 TR AT PR A T S Uk

N e T IR PR TR e

AR VA

15

21

31

39




Case study: GIS for landslide hazard and risk assessment

=
I

ARG BORHE N GIS HEAT LA A 5, 2 Fha AT KU PP Al 1048 5 25 0 TR s
e B TMSE TR BUK. MR K E (g ERE A mts &
TE) D BRI E IR VAL o ANGR S BORE T 2R AP T I 2y

Disclaimer:

RiskCity & — /M &tk
s, ARSIl
Mo

A2 kLR AL U AR ) Tegucigalpa b Hbslini, 420 2 30808 80 E Tz
W, OB TIRRIZG W HT, So8dRpr T, JEAT LR ilddE. Bk, &5l
A, S AR R BRI, 2520 PRl on 32 0 R U B 1 2 B A RO VR AL
LSRR, M AR A Tegucigalpa [ ILSE .

G5 2] (1 2 2 H A L PR S 40 PRI XU DAL (K S8 A2, JF EL T i f s GIS
92 FH 280 2% T AN SR RO (4 2 4 ME A PP A AT 9028 T Mk
] GIS BEAT WU PG IR EEAR 245, G h s

Risk (X&) = Hazard (k%) * Vulnerability (F#itk) *
Amount of elements at risk CZEx SR

T2 3] N SE L R AT %
o AREMGREE, N R PR R - fI DEM (Digital Elevation Model, #9&fE
R IEAMANTAR MG o I SRR PR, T LTS B0 [R] IR [a] (R ik 1 DA K% 5 B A7
JM I 52
o N R TR SR A A e M T, IR AN AR T R v 1
o IR AN R AT R B R P
» FIHEKE CRAERTTRMERD SRR CEE R, T TE s k.

A2 g% ILWIS  (Integrated Land and Water Information System) #4495
. ILWIS &—4f1 ITC (International Institute for Geoinformation Science and
Earth Observation) H %[, BAGEGMEIIAEN GIS #tF. ILWIS &4 (AFFED
e pl, AT L s 52north.org/ilwis , R ILWIS %k,

)

& Honduras i COPECO [#] Funes Siercke $&t{) 5 s 5t . J i35 [H H i 25 )=
(United States Geological Survey) [H—Xif57#tft) DSM(Digital Surface Model)
AR E R & JICA, MWHBBI—AmE Y, AR T @ #1018 . & Ruben
Vargas Franco, Dinand Alkema, Lorena Montoya, Michiel Damen, Antonio
Naverette f1 Norman Kerle 5t iZ SZEIATF 52 BT )22 5 T 5Tk




Case study: GIS for landslide hazard and risk assessment




Case study: GIS for landslide hazard and risk assessment

3] 1: ILWIS BENBFIEIEE

TSI -
/G F
GRS

2.5 /NEF

¥k B subdirectory:/exercise01

I Sk ILWIS BP0 B0, I HAMH T k0 B RS T bR, N, I
STIE TR W] (A S A AN, LA A4 RiskCity ()28 Py 2915 2 A 2C 19 UK o

FATEA X ILWIS HIEERIDD REHEAT R G M 4, DA FRATIA A fe i i 2 2] 07 Ao il B s itk
(learn by doing) . ILWIS ] LUAREE <& FAIHIAR &L, (ORI A9 70 A SR MR B A o il 3
KA 48 ILWIS 1) = BRFAE .

197 ILWIS, JFHBEANH DT H 3.

fIOF ILWIS (M EE L, W REPR. e HEs 724 %R

Data catalog: WorfATiE A+ Bt % KR I R 4 FR

Navigation pane: o/ LI ST, FF H RS HTG IHEAE,

Menu bar: 7 ILWIS #, KEZHFEEH LUEDS Menu bar ih. {1415 Operation F
FRTE T o

Command line: X2 ILWIS Hk0isr. o LB 7R A 4T R v 80EA) (REARTE ]
JEVHESR] MapCalc) , Sk5g i Mks Hh B AR 2 o0 WD IR o SR AEAR 58 B — TR, B aT LA
FERT AT AR ) fir 4

Object selection: ifiil Object selection, #a] DAk EBFh%F % v Lk 7”7 Data
catalog .




Case study: GIS for landslide hazard and risk assessment

Object selection
Defines which objects are visible in data catalog

Toolbar

Menu bar
Used for executing most operations

Command line:

Used for executing most of the calculations with maps
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Navigation pane
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B A& R AR

1t Data catalog ',

Rl LA SIESCBIRT ST, T DRI A A e i B b . 1 & K04

B T U S LLROR AT B R SR AR AT T U

RE

Raster
image

Raster map

X

This represents a high resolution colour image derived from an
IKONOS image. It has been orthorectified, and the the panchromatic
band is fused with the colour bands, and resampled to 1 meter.

This is a Digital Surface Model which has been derived from a laser
scanning flight. The original data points have been interpolated into a
1 meter resolution raster map.

Segment
map

This file contains contour lines with 2.5 meter contour interval. These
have been digitized from a series of 1:2000 scale topographical
maps.

Raster map

Polygon map

Digital Terrain Model showing the elevation of the terrain made by
interpolating contourlines into a raster

A polygon map representing the administrative units within the city.
In the accompanying table information is given on the number of
buildings and number of people

Polygon map
and table

This map represents the mapping units used for elements at risk
mapping, but now as polygons. Each of the mapping units has a
unique identifier, so that in the accompanying table information can
be stored for each unit. The units may be individual large building or
plots with a specific landuse, although they are mostly grouping a
number of buildings.

In the accompanying table information is given on the number of
buildings and number of people

Raster map

Building footprint map of the city prior to the 1998 Mith event. The
map still contains the buildings that were destroyed by landslides and
flooding during the Mitch event

Segment
map

Raster map

A segment map of the streets, roads and paths, made by digitizing
from topographic maps.

Landslides in the study area, with an attribute table containing
information on the landslides.

Polygon map

Flood extend map for a 100-year return period, obtained through
modeling with HEC-RAs hydrological software

Segment
map

A segment map of the drainage network in the city, digitized from
topographic maps
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K iulE LidarDEM tHE &7 24k Biib/s] Contours . #%# Representation
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SSTT IR R AR A T i e Bk
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NTFRL%HK ILWIS F/:
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fi. FE Building_map & 7HAHIRHAY . 155064 Altitude_diff %5
HARFEZ, BE&EZEREE R 3m. S UEEEE i, iR
Altitude_diff BxLL 3, SRiHHHZEH, JREIH 4 R4 floor_nr 1,
BHREE RN 1,

M Cross Operation, ¥#i## /& Building_map 71 Floor_nr 317457
o EFRIAE R, ] L8 BN s g 2480  « TR TR
M ZECE AT LME N — AN B, fAi67E 3K Building_map .

IUAE s m] DUAEJE P Building_map 1, HHEREZE%30E (= area of
the building * the number of floors, B2 T @SR XEZEHH) .

M FHERM ILWIS Ff:
HHEN AR TR ERYSE:

$#e7x: K Building_map &% 7 A WEsiy. wigH Cross

Operation, ¥Hi# 15 Mapping_units 71 Building_map #1788 X. 7
P32 Xtk h, 0T LUK Aggregation i) count Hifig, {EFTRIAE &
e, TFEEA R T ESECRE, IF B A AR R
Mapping_units .

KRBT, R E BRI R AR B LB XA E R, ghah
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?ﬁfﬂ 2: FRAZANAEREBEFE A IRE S
HITE I F E

TR b« 2.5 /i

oo ¥ ¥i¥ik A subdirectory:/exercise02

G155 AL K BUE AT Y FH B e B A s BB . (DEMD G AR S 5. mT B
AN STAREI R 7, BRI RIS . LGB R ARS8 RiskCity 1, AR [H]
IN}391(1977, 1998, 2001 and 2006) {1 i iE SR A o

ARG, FAi LKA LI " Stereopair from DTM G g — A ik UG, B EATH —
ANEH LK) DEM (LidarDEM), Rt 7T sy, Wil slmamai . wmAL
¥

EXi) KA X

Raster Scanned airphoto from 1977 imported into ILWIS

Raster Orthorectified airphoto, after generation of a gereference direct
linear and resampling to the common georeference of the area.
Stereopair Stereopair generated from the Airphoto_1977 and the Lidar
DEM. It can be visualized using a screen stereoscope or using
anaglyphs

Raster Orthorectified airphoto from 1998 taken just after the landslide
and flood disaster, made after generation of a gereference direct
linear and resampling to the common georeference of the area.
Stereopair Stereopair generated from the Airphoto_1998 and the Lidar
DEM. It can be visualized using a screen stereoscope or using

anaglyphs
Raster This represents a high resolution colour image derived from an
image IKONOS image. It has been orthorectified, and resampled to 1

meter. The original colour image was converted to black and
white, in order to be able to display it using anaglyphs

Raster High resolution image downloaded from Google Earth, which can
image be georeferenced and resampled in order to use it for the stereo
image interpretations.
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This is a Digital Surface Model which has been derived from a
laser scanning flight. The original data points have been
interpolated into a 1 meter resolution raster map.

Raster map

Segment Landslides in the study area, interpreted from the available

map images
Point map Points within each of the interpreted landslides with associated
attribute table

Table Attribute table with information on the landslides in the area.

Segment Boundary lines of the buildings in the area. Can be used to
map assess the quality of the orthoimages.

M Google Earth THE 9 #H#EME&

Google

Earth

I OGS A [ e i) ] A5 PR A RO S (9 B A0 AR D A, Sk g i 3 R A id s Bl . 0T Be 2 145 BUAS R IS
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FIfE Ol CARTSOT I ik A AR IR Al . PRk, o) 2 G AR, a7 DA Bh3ATT B8 47 (9 R 53 3k
TR MR, NI AMEIR AR A, 1T I B 2 R LY . Google Earth #ie—/NE
BEMAE B o B AT PR A TSR AR 2 5 I BRI R, A RATI S IX 3 RiskCity
(Tegucigalpa).

e §IJf Google Earth

o WREIEHRA Y, BRI A: Goolge Earth Pro.
Wiz A RRA, BT LU s R E o FTIFR T
http://earth.google.com/intl/en/product comparison.html

o SRR Tegucigalpa/ Honduras.

o KK, BHEIEE BB XIS 2 ) T X EGE A . A TERE
£ Terrain UL EAFIEIE T

» ¥k File / Save/ Save Image (W R %72 Google Earth Pro,
1L the largest file size). ¥ f{xf75 Goolge_earth.jpg.

» iEHi Goolge.Earth, 77T ILWIS. ¥ {4 Google_Earth.jpg %1%
3 ILWIS B2 (0% (in bmp 2¢ tif 3D, R EH A E)
ILWIS i,

o WRJE, BALIN ILWIS i) georeference #I0, Gl —4
Tiepoints 5[] georeference (MiBES 25 [H])
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EX— 1 ERESREE, FE— N ESRER

SIS, T M E AT RS AL S, S sERE iR (XY Akbr 2 (]
KR Kk, W HhEE S MR, a] DA SOMHRS M B R SR ek (47 B S e A At
Kb, F—XR, RAMEGHELS 2SN — AN HUEES 2 R — R A bR &R
g, Hulhet s —Le8gE R, S0 IIE . 2B A S EAAUN H— AN bR R
AN S AR NIRRT S, WAL, T LURSS T2 Mg E
A TURh A (1 8 25 T 25 A

georeference corners: —MEmALHIMEIS A, T o0 w0 i

AR, ST HE I ERAE (resample)

georeference tiepoints: — /AR LHIIT SRR, H T4 LEK
B PRI R SO F M AT, IRAMAR(E . %R EE S R A ], AT

PN H DTM;
georeference direct linear: %% DTM, #3435 K 2RI AR AR
18

georeference orthophoto: %4 DTM Ai % MK IES L, SHHEN
FL AR TR AL AR 5
georeference 3D: v —AMhE I =40 E .

WERETY, i HIES BGOSR RS . IESS AR g M =T 515
TAEL RN IE R B R AR B A IE R EHE (Fa At SIeHs A IE 5 TE I
B o AT —ANEFEG, WE LTI TR ENRIENGER. NERZE,
TEARSEE R, FATRA R LEE . Fit, BATLEEWHITS R0 N: Direct
Linear.

&

* {177 Airphoto_1977_original.

e i%¥* File/Create/Georeference. i+ Georeference Direct
Linear. £ Background map: LidarDEM. Georeference
name: Airphoto_1977.

o UL georeference % M & . FTH LA
Image_2001_ortho, JfH#ZME FEFTRKAER, MEFAED.

o BKEMGR, ERAETER MO A A AR E PR A S, A
H ) Add Tie Point i Ah, WL Z LI, K575/ BTk #ERIAE 1)
M kil OKG

o HE FIREE, BAOE 10 MNER L (tiepoints) . & A sigma fH
e A2 ) (Bl Refl sigma E/h T 1) .

16



Case study: GIS for landslide hazard and risk assessment

S Image_2001_Ortho: high_res_image.qray - |

Add Tie Point

Add Tiepoint number 2

%y [a77a15272 | 1550209053 |

Pz [EEmon]

X Z_dtm
2l 477246.192| 1559943.546 8z7.000 9z7.000 17896

dl | | :f‘

2158,1212 | Mo Coordinates calculated 4

4 >
e e e e e e | (B Corsl G0 1. | |0 tnbos Ricrosa .. | v O M@ 1Esre 1]
2 iy
36,2208 [{ 477707 25, 1513801 4 Swap: 1449 MB Mem: 13060 KB £ o Paint I Paper Fill ‘ wiE

TEQIE T — MRS =i georeference direct linear 5, #tATLA¥ 1977 46K
WA g, TN N E S AR TR . XS EAE
BiFk{E"Somewhere”.

e I%&# Operations/Image Processing/Resample. i%£#¢ Raster
Map: Airphoto_1977_original. %4 Output raster map:
Airphoto_1977_rectified. Jf# & Georeference name:
Somewhere. J;7%: nearest neighbour.

o UMECBTEE-LEm . BoRRAMER, IR @Y E E S e E
Airphoto_1977_rectified |-, LI&FE
Airphoto_1977_rectified (%% .

17



Case study: GIS for landslide hazard and risk assessment
2l DEM €3 31 & 7

I AN IS B R — AN i A (DEM) , AT BLANZE AN g0t . %3
FERRTINTLUE DTM (B e R, ] DUR & HiR MR I i R BT (DSM) .
AT, BATENH DSM: LidarDEM. %A R :
o ARELEORAEMTE G LM, mln, — AN g, LA
G Ee— “IEM” (rs b ;
o —ANEFEHUER (Digital Terrain Model) , #li—AN & EifEE 1
W . DTM 2 —Fp g m iy (DEMD

e I%&# Operations/Image Processing/Stereopair from DTM.

1% $ Raster Map: Airphoto_1977_ortho. % DTM:
LidarDEM Output stereopaire: Photo_1977. #ZERAE
{8, riili show.

o UHEHRREL LA, S A TH I A A e R DR
KIAEAE O, RIGIEFELAAGS Photo_1977, Sfiftnfitd, &
¥ Visualization/as anaglyph. #%#i%7i: Red-Blue.

o HERAMITHEEGRER AN KK &P Layers/Add Layer, K
Building_map_ segments 7 Photo_1977 &, U&HE
Photo_1977 K.

FF ST kfE%t: Photo_1977

o IMAHFININE, GUEEAFER . 1998 45, 2001 4EF1 2006 4 1AL
WX T AP A R B, PR R E) - DO AN S AR
xF, MR EPRRIA BCE (FER & A, JEEAE .

TESE M BRSSO 3K48 4 1R RiskCity 2454 : Photo_1977,
Photo_1998, Image_2001 71 Image_2006. HL7c, 1 LA X ey A4
XF, HEAT BB AR

i3 photo1998s: StereoPairFromDTM{airphoto1988.mpr lidarDEM.mpr,30.00,1 112.00,bo|

File Edit Layers Options Help

10772

|00 % @aa k|2s | ez [DO(x[OHee s @azd

18



Case study: GIS for landslide hazard and risk assessment

XA B F LSRR X TR

RAE, AT AN AN IR R 3] vh T (R r AR ot BT AR UG h i ik . 3k
AR 1977 A1 1998 4F [ G REATHE . 1977 SR 7873 IO e 11 i
PERAERTING DL, BEAh, T AN ISR LR, Ik 1977 S E B2 172
TR R R 5. 1998 I GO AT WNINIA 2 TR skt . Ak, Ji i
BRI T, BATRT DG ACBAR R R R 4R

IS AR5t Airphoto_1977, %+ anaglyph/Red-Blue ik,
I anaglyph IR4%, WK1 .

BBt : Landslide_boundary, ES{Eriagn B I7E, %
AL AE RS b, MERBIIE I S IE IR SR IE AT b
HIF S Landslide_ID, #%# Single Symbol, B gt
WENT, A ARG ANMFIWAL GEREEREA .
B S, Z S TR IR B S B S L. T LA
FIY a5 5, nr CLEE LBk, i T .

F I 415 Airphoto_1998. Ii7E, &R LUK AN AN [R] A 3 o 33
HATERE, ] DO B AT 8 A5 BT 1B

&) LS oA R 25 R RS AR R 45 TR o Gt SR AR L L3 e 23 RS RF A AN [
R, AT DU I L g i H R

S TFH 2% ILWIS F /e

FELKK ILWIS /.

SR A, FENEBFITERN

fsn] DLl A 2k B 4 Landslide_boundary 1024, Bisar A K
Landslide_ID w7k, CodEsi e .

g2 L E R, nT AN Help TR, #BhiE Mo irB s8I 8. e it
WS IERElT . TERHT N — 2 #4ERT, NH Check Segments x4’ 45

R

CEGREE P BRI, AN TR A H B AR S (ID) o SRR
e b, wFE s, Landslide_ID 1, BGHHK ID, 68 E 3 b0
HEE . EBEINFT ID BY, #AEOE A ID AT 4. BhAk, TR E R
HFRIERE, AT

FERS SE R T SR B TR G I (g Je . T DL 2B, I ] LORE S

k.
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Case study: GIS for landslide hazard and risk assessment

23] 3. MAGITFEFRZS TG B BUR

FHUHT It < 3 /N
w1 ¥4k >k B subdirectory:/exercise03
G5 ARG W B T R A BRI 52w R 2R B, AR SR A I U B v Tk, A T oAk T

FUSAE COUEXS — PSR o XM 5o — PSRV %, o — P e o, IR
M GISSEHL ik ARSI W AN . IF IR IE, ki,

YRR
TEZER I, ATR N — PP EE R, (HARG RT7vk, BIgeih22 vk (URRIEfE H38 805715, B Na il
BURCE I o 1Z 5T N I A S 1

Area(Si)
W, =In Densclas —In Area(Nl)_
Densma > Area(Si)
> Area(Ni)
ﬁEF"
Wi = BRRESHNRCE (W HARN. BESRE)

Densclas = %K b M 102 5
Densmap= 3%/ b & D ek [ 39 o0 A1 25 1 5
Area(Si) = {ERHKEEESHT, WA,
Area(Ni) = R 28Rp@ S 50T b I BT

X077V A S SR T SO B 5 2 MOt B A A S B EJEAS X, AT LA AT R o R T AR Tt
SERERS BOE N IR 3503 o 0 3o T S A M RIS P A B 3, BRATT T LA — AT S B PR (L SR
BRI TT %, AT LIRSS H ] P PR 0 5 S W B S AR (IR R AE e e AEARZR ST, FRATIR A K24
BRIOT55 . I B, BN SN, SR s B T AR, AN IEME, Ron i3 T AR e
3 L 2 A PN B 2 A, AT DA B P o A P ) S A S AN (RS L i AR A5 e A
Zx I BB H MR S A SR, I ERATUON T A2 m [N % & Lithology  CAfE) Al Slope
(B o s b, HARRTRE MR M A 36 Pt B % 4 A

Statistical landslide assessment:

A LR BRI 507 i, RS S UR AT VAL . 2RI Rk B
Bl A s A — I T S o AR S SRR B B AL,
AHASGRERFEZE . ZFEE B, SEERX AR . b,
VRS F R R I, ANF B AR XIS, PR BT DR R KA TR
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Case study: GIS for landslide hazard and risk assessment

B

FEAGR 2T, FATHR 294K Landslide_ID,
S EAEEIEE 2 A PSES RS

BB BATAERTTT K 2530 h R I 20 A,

Raster

Slope class map

Raster

Slope direction map (with classes)

Raster

Lithological map

Raster

Soildepth map

Raster

Landuse map

Raster

Distance from rivers

Raster

Raster map

Distance from roads

Points within each of the interpreted landslides with
associated attribute table

Table

Segment
map

Attribute table with information on the landslides in the area.

Boundary lines of the buildings in the area.

Raster

High resolution image of the study area.

FERCZR ), DN H IR K =K. Slope_cl (BERISHED |, AT BBURTE B . BT

BISTERIRIE | gy bt (7 14 Landslide_ID 41, S0t T VPRI IE T
RSB ] s
T, TEWEBORAER, &

Rt X PR X ek
o BHE AT
Hor. WHfaHE
(hazard) 754
T T BE R AR I
[HAER . ZHITIEN
WA, SERR
AR A R
B, PR SRR
A5 003 ke R 24 PR I T
5 8, LKL ()l
AT P 4
HE] o

177 & High_res_image Jf H ¥ & landslide_ID S5HES ., [Fi, ti
F R R K, JFREHLAR.

KR TSRS, EOEAEPIANSEOE . A rE (BB IT) R SR (RSO,

DFDX filter:
SRR
LG X J7 B
SH(dfldx). HIFEHH
{H:

1-808-1

Gain factor = 1/12 =
0.0833333

DFDY filter:

ETFE IR ]
FRITTI y 77 i BB
F4 (dfidy) .

X TFHEKK ILWIS FF:
JR LI BE A 17

Oy SRR A PR G4 P RO i P R, S T LA TS T P25 SRS HEAT S5 ] «

Wit AL NGk, @ —4 DTM (Operations / Interpolation /
Contour interpolation).
THEL X 7 fE 2. %#% Filter operation, k8 mfeminy
(DTM) 1N A, 3% linear filter dfdx , K HiE v 4k DX.

KHFEEE 7, N linear filter dfdy, 57y JrfE 2, 85I
4 Hh: DY,
NHATHEMER T E AR, EENE (CUSECYRAD :

SLOPEDEG = RADDEG(ATAN(HYP(DX,DY)/ PIXSIZE(DEM)))
MNHATEMAR, EMN CCUEECY A -

ASPECTD = RADDEG(ATAN2(DX,DY) + PI)

& Slope 1/554 7 24 Xl 3 A AN [F] (126 51 (File/Create/ Domain). #r—/N4y
24§ (Class domain) Slopecl CHRESICIES: group ELID , H HAE %
HFOIMA AR 2 BIAS IR, o das o] LLAERG 10 Rl or—AN2850 .
MEEH O HFik$E: Operations / Image Processing /Slicing. &M% &
Slope #iii Slopecl , J¥#iih 4k Slopecl . R R RS
Aspected.
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Case study: GIS for landslide hazard and risk assessment

2k, BAMES TEIEMA R BERAEITRIER M. giit22aHrr ik aeis it

Conditional statements:

If ais true, then return b,
else return c.

IFF returns:

if a=true, b is returned,;

if a=false, c is returned;

if a=undefined, undefined is
returned.

PR IFF 251t g i Al 2
ANZEREI . MM ="
1R 58 A S, H i &
B FEAMALE ONE
D s 4N H < =7 B,
B KRR D b
FTW, VS E A8
AL

MapCalc and TabCalc:
CEIvH AR D -
AT R 23 20R] LB AR THE

M P NEE—S1 (BRRAE
Table Calculation &%
TabCalc) , thr] LB AEE
WA AT, A
BEAT BB (WK Map
Calculation or MapCalc).

Undefined values CkiE X
HIED -

IXEBERLL (2 ) #EIR N
K, o= A R PR AT g 2
BUEER RunFE. @
B Y PR R B B A 5T
X35 LA R -

1=
e

FA

CAHERD SEEATAIRIRS AL AT 3 o I BT TRE v T AR ™ A (K S X TR I Ao FRAT TR
IFF(a, b, €) SIS /A WL B Y RS

I #4% Landslide_ID.

AT AT AL TIE IR K A (=Active) 80 7% FE 3
R(=Reactivated)igBEX 15 S (scarp ). FAEFATEAE R o A= Bt
H—5, & RR&rkm, BeEh 1, HeErEsmEny 0. fERE
WAATHEAN NI AR:

Activel:=iff(((Activity="a")or(Activity="r"))and(Part="s"),1,0)

AR Xy nE Activity 41 K{E N A (=Active)Jseil
R(=Reactivated)2k, JfH Part 7" i{Eh S (scarp )3, M4
Activel HMER 1, TUNK 0, F 2 DAMFHFFEIX—FrifE?
KX R o Bl ANFERLE . 1548 Operations / Raster
Operations / Attribute map. ## Raster map: Landslide_ID,
Table: Landslide_ID, Attribute: Activel. ¥t K4 h:
Activel, JF&EFEELER.
BATTH B BB e XWEUESCch 0 5. fEEH DA, WA T
)i 2

Active:=iff(isundef(Activel),0,Activel)
A A X Wik E Activel HEE S AR E LIK, K HAHESCY O,
), PREF IR A EE

BSYESEFEEBRZX

¥ WoRiE R (Active) 5ZHEA N, fEA%AY, EHS4K Slope_cl

((FSPSIE

Map crossing:

AT SCARAE R LSS
MR ES . A E b
TR FERLE 1 H AR R L
B B AN EREE A
EPNEERIE S E ST
Gl BR R RN AR e AT
Gitr. KBRS A ALK
i, I i P AT
e R N
TR BN E . 28051
ARSI &5 . BEATAE X
1T B TGS 1 B A AN AE X
XA THIAR o

M ILWIS 335 B b g 0% i :
Cross.

& Slope_cl as the first map, &l Active as the second

map, JFkE R 44 Actslope. (ZB%ERIAE XTS5 B3 5o,
PR A PR A [ R e A AR 8 U ) » ANEFE Output map EUifE, s
Show 1 OK, PEAEIAE U ITFURIEAT T o

WL FTASIIAE AR . W AT L, R 252 Slope_cl 117 10 44328
FIKE Active 1) 2 MR M4 Gr. JRAIEA KA

Operations, Raster operations,

BUEAEREAN IS A AR Sh 2R (K7 30 ) b P PR T i i i S gl S R

T o JH:)

TIE R g S R
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Case study: GIS for landslide hazard and risk assessment

F2¥: HERRIGEE

MG, T Pl H 2 S . AR, SR & AR A
T BARTEODRAT

: WL Denclas #1 Densmap A& 407/ 380T DU e P4 5o 13 A e 22 O P A2 28

o TP XK Actslope.
Step 2.1: 7ERIG ARG —F1, FEZH AL b T35 BRRAS I S i
o FERMAAATH, N N A
AreaAct=iff(Active=1,Area,0)O
HEATICTHEL I B RS AR A, A TS BRRAS T S A T AR

o Step 2.2: IHERANHEITII AT
MRSk Columns, Aggregation.
EFE column: Area; #£# function Sum; %4+ group by column
Slope_cl. "% Output Table ¥EIAE, ¥zl 4: Areasloptot,
WG i OK, EFEHEE precision 4 1.0.

* Step 2.3: FEAANSEERNT, A TIEBRA I T .
PR MERSEHhiE#: Columns, Aggregation.
#$ column: AreaAct, i%$% function Sum, %4 group by column
Slope_cl. Ai%# Output Table ELitE, ¥fiHislar44: Areaslopeact,
WG i OK, EFEHEE precision 4 1.0.

o Step 2.4: - HLEE A BT AT
PR MERSEHhi%#: Columns, Aggregation.
¢ column: Area, 3% function Sum, At group by EIHHE. ANk
Output Table MEIRAE, ¥imilislar4 4: Areamaptot. 25l OK, EFH
J& precision 4 1.0.

* Step 2.5: T B IFEHLEVEHE N RS
TR FERESE P ES: Columns, Aggregation.
#F column: AreaAct, #%#% function Sum, A% group by EIHE. ik
# Output Table JETHE, #K4iHislar4 4: Areamapact. 5 i OK, &
XS precision 2 1.0,

» Step 2.6: vHHAEANE R RN I A S
TERME AT AT RN
Densclas=Areaslopeact/Areasloptotl
EFEREE S 0.0001.
Step 2.7: 15T HEAHb B DI U 3 00 A AR
TERAG AT AT :
Densmap=Areamapact/Areamaptotl]
EEERE S 0.0001, AR 4 7B

gE RN
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Case study: GIS for landslide hazard and risk assessment

-
[ Slope ol

—
Eetive NPix Area Aresldct Lreasloptot |Areaslopeact| Areamaptot | Areswapact | Densclas | Densmap -

I
0O-5*n o-5 | o 41639438 41639438 a 4173424 3986 14000000| 213448| 0.0010] 0.0152
5 At o-5 | 1 3986 3986 3986 4173424 3986 14000000| 213448| 0.0010] 0.0152
SN 5 - 10 | o 2718437 2718437 a 27239858 5521 14000000| 213448| 0.00z0 0.0152
SN 5 - 10 | 1 5521 5521 5521 2723958 5521 14000000| 213448| 0.00z0 0.0152
i0 - 15 # 0 |10 - 15 ‘ o 1941860 1941860 a 195271‘1| 10854 14000000 2 13446| 0.0056 0.0152
i0 - 15 # 1 |10 - 15 ‘ 1 10854 10854 10854 195271‘1| 10354 14000000 2 13446| 0.0056 0.0152
15 - 20 * 0 |15 - 20 | o 1488283 1458288 a 1502075| 13788 14000000 z213445| 0.009z 0.0152
15 - 20 * 1 |15 - 20 | 1 13766 13766 13786 1502075| 13788 14000000 z213445| 0.009z 0.0152
20 - 25 * 0 |z0 - 25 | o 1062314 1062314 a 1086549 24235 14000000 213445| 0.0223 0.0152
20 - 25 * 1 |20 - 25 | 1 24235 24235 24235 1086549 24235 14000000 213445| 0.0223 0.0152
25 - 30 * 0 |25 - 30 | o 826051 826051 a 854335| 28284 I‘IUUUUUDE 213445| 0.0331 0.0152
245 - 30 * 1 |25 - 30 | 1 28284 25284 25284 854335| 28284 I‘IUUUUUDE 213445| 0.0331 0.0152
40 - 50 * 0 |40 - 50 | o 407252 407252 a 450340| 43088 14000000( 213448| 0.0957 0.0152
40 - 50 * 1 |40 - 50 | 1 43088 43088 43088 450340| 43088 14000000( 213448| 0.0957 0.0152
30 - 40 * 0 |30 - 40 | o 1017883 1017888 a 1073298 55408 14000000| 213445| 0.0516 0.0152
30 - 40 * 1 |30 - 40 | 1 55403 55408 55408 10732986 55408 14000000| 213445| 0.0516 0.0152
50 - 60 * 0 |50 - &0 | o 125087 125097 a 147443 22346 14000000| 213448| 0.1516 0.0152
50 - 60 * 1 |50 - &0 | 1 22346 22346 22346 147443 22346 14000000| 213448| 0.1516 0.0152
B0 - 80 * 0 |60 — 90 | o 29928 289928 a 35868| 5938 14000000| 213448| 0.1656 0.0152
B0 - 80 * 1 |60 - 90 | 1 5338 5338 5338 35868| 5938 14000000| 213448| 0.1656 D.DISZLI

WAEE C A3 T & Slope_cl Jir i 21 T 4 L {H

F3%: HENEE
SR TR =N CHE2K 240 T A 38 B 1 (A M SR P S B D CRPBOEED)
TIPS, FEA b B YU 3 3% 2 {451 213446 / 14000000 = 0.0152.

RO RIS 272 Slope_cl Al & Active (A2 SCEM PSSR W BRI, IMH4gRTPUETHS
2R, RO BRAT I T B B AR 8 2 A v 3 B (A A . TS RN T R R P, A4
WRESOM RS ANl ik, BATFEICE MRS E Slope_cl Hilede e, JFERAEM P
ANIIfE (Join) FEAIhAE (Aggregation) , MAS XA TR BEE «

. —
EE?._E:__].DIJT:DE A_;:Eg.slnpact De_n_sﬁ_.]._f_:.s leight 4]
0-5 4173424 3986 0.0010 -2.7213
5 - 10 2723958 5521] 0.0020| -z2.0281]
10 - 15 1952714| 10554 0.0056| -0.9955]
15 - 20 1502075 13786 0.0092| -0.5021
20 - 25 1086543 24235 0.0223| 0.3833|
25 - 30 854335| z5za4 0.0331| 0.7782|
30 - 40 1073296/ 55408 0.0516| 1.2222|
40 - 50 4503 40| 43088 0.0957| 1.8399|
50 - 60 147443| 22346 0.1516| 2.3000|
50 - 90 35866/ 5938 0.1656| 2.3883
| | i
&
o HE—AFEI Slope_cl, {fEIENE A Slope_cl. XAFHEE T 251 Slope_cl L)
b, AEEILES), HRERDBRIATERE, HAeMHT RSN
« Step 1: iMFAEAIESRIMRTEEL. Calculate the total area in each slope class.
#$E Columns/Join. #%FF table: Actslope. £ column: Area. %
function: Sum. %#¢ group by column: Slopecl. %# output column:
Areasloptot. #.if; OK.
*  Step 2: i EEEMHERNAL TE SRS A
% $ Columns/Join. #%¥¢ table: Actslope. % column: Areaact. i%E#
function: Sum. % group by column: Slopecl. %# output column:
Areaslopact. #.if; OK.
» Step 3: HXMF, KA FHMAR, ATV H AN RS e A R
Densclas:=Areaslopact/Areasloptot(
HPERE R 0.0001.
o MREEFUHER, BRIALIGNNERE N 0. 4T ARG, 7520 T
VA, SRR A, vk S A3 0 % 8 (AT P4
Dclas:=iff(Densclas=0,0.0001,Densclas)[]
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Case study: GIS for landslide hazard and risk assessment

A MRCEE T DU R I 2 k5
Weight:=In(Dclas/0.0152)(

o AFEXRMMIHE PR RNBGER . MBS 5 O R e Y

o RIRME

Fa45. FRNEHE

TP PIEM, TUHRAEREME (attribute map) .

&

o MILWIS E3#hik$e:. Operations, Raster operations, Attribute map. %+
raster map Slope_cl, table Slope_cl. i%# attribute Weight. #%# output
raster map Wslope_cl. il OK.

o g K Wslope_cl. # Stretch ##45-2.5 #| +2.5

o HFAREKMEBEITHESHK: Lithology. ¥ 51 lithology Bl MM A4 A
Lithology_cl, ¥4 K4 4: WLithology.

o AUHTHEHMA, XEHAEEBEEERAT AN
Weight1=Wslope_cl+WLithology[

o Wi/nE Weightl. Jf HH ootk fs & i & Slope_cl, Wslopecl, Lithology,
WLithology 71 Weightl Lfff5 8.

£54: AHEAHEREMNPRERE
fn] A BT REAS, A e R T R R . TR T ILWIS #AER A P23
A% - %9 (AR, T e BRI, Ar ATt Bon L8y, i DXL
f), BTV AN, IR e A AR A SO rh s AEREAT RIS, 5 EEAE AT in_E TABCALC.
WER AR 2B 2 5C TR ROAS B, rTRAAA ILWIS # B sl 45/

Script (&) :

A JE—ZR 51 ILWIS fir & FITE
Ak, WS AN, &
Af AT LA R GIS
RS /i &4, BIAFIE—1T
HR—ANER], XA TEA AT LUE
I ILWIS = H it dr 47 40E
ATo WREAS, fan] DLoE Lk
DA TG G Clnds DL akiH
B WGEIRERAE (T IFEk
W)« ST R S
. TR RIETE R, &gt
HAEEET, #nlBEAE A R
Wi R BeAh, fnT AZE A
o, TR AEE 2
) Windows [ HIFEFE .

&

s HEIHHIBEASIET — 0. EHE File/Create/Script, Jf H:K T rIBIA A
BP N BIHAR b 2. K WALRAE ) Weights.

o SRIERMMA, TEArATHBAT A
Run weights Slope_cl

o Ui, BRI RUISATIAS, THE S ILT A IR I R K I S A,
%40 Lithology C&7E) . landuse (+HiFH) =i distance from the
river (BRI E) 555,

Run weights aspect_cl
Run weights Landuse
Run weight River_dis
Run weight Lithology

A A

A S5

E— AN AR LN ZA S5 AT S EH T S a0k, S, HIgitE 4T DOS it
REBESCAErR I T S . BIA RIS E OB II%1. %2, %3,. 23 %9 (K, SHEMAL
A AN (Script Tab) 1.

25



Case study: GIS for landslide hazard and risk assessment

//script for Information value method
// required parameters: %1 = name of the factor map, which should be a class
map

del active%1.* -force
del %1w.* -force

//calculation in cross table
Active%1.tbt : = TableCross(%1,active,IgnoreUndefs)
Calc Active%1.tbt

//Calculate the area of landslides in the crosstable only for the combinations with
landslides
Tabcalc Active%1 AAct: =iff(active=1,Area,0)

//create an attribute table
crtbl %1w %1

//calculate the total area of landslides within each class of the factor map
Tabcalc %1w Areaclassact:= ColumnJoinSum(Active%1.tbt,AAct,%1,1)

//calculate the total area of the class of the factor map
Tabcalc %1w Areaclasstot: = ColumnJoinSum(Active%/1.tbt,Area,%1,1)

//calculate the total area of landslides in the map
Tabcalc %1w Areaslidetot: = ColumnJoinSum(Active%1.tbt,AAct,,1)

//calculate the total area of the map
Tabcalc %1w Areamaptot:= ColumnloinSum(Active%]1.tbt,Area,,1)

FEIBATSE A G, T //calculate the density of landslides in the class
DL A JE A Tabcalc %1w dclass { vr=::0.000001}:=Areaclassact/Areaclasstot
MR, e //correcting for th that h landslid

IR E) [ R correcting for those areas that have no landslides
%%ﬁg;i;agg%ff Tabcalc %1w densclass { vr=::0.000001}: = iff((isundef(dclass))or(dclass=0),

TR 0.000001, dclass)
Hoo fdony DUk — 83
1. BHREXNSHS //calculate the density of landslides in the map
EREUNEE Y s Tabcalc %1w densmap { vr=::0.000001}:=Areaslidetot/Areamaptot
—ig, HATAHT. R .

TR S S //calculate the weight

SN i

N SEAHIRE . Tabcalc %1w weight:=In(densclass/densmap)

//generating the weight map
active%1:= MapAttribute(%1,%1w.tbt.weight)

Show active%1.mpr

E65: FEMANNEERFLRLMNEEEE

TEISATINAS, S RUITAT IR W DR 28 B o 5705 PR AR W 6 ) 2 e 4 OB I, s J 2T LR ik
PR EIIOBCE AN, #3 HHRZ& IBGER .

&
o HEITHEIAR, AEA-AT AR B KA A N -

Weight:=activeaspect_cl+activeslope_cl+activelihtology+activelanduse+activ
eriver_dis

BCERE EAMRZA, AR DEMnEs BUEE B, b T RmErtne® (i) K, &4
TG i R R 3 LA G
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Case study: GIS for landslide hazard and risk assessment

o UK Weight i sAmEl, HHIEFEN S A0 KAEE. TEE
FHAN G H RIL S HE .

o AN A Susceptibility. i%#: File, Create, Create
domain. Z3E— A, EH Group o FLEERIAZ I AN R 2R 1)
HRFIASE . FANTERUR, R

o REBMAEMYASER, KK Weight #:17/535. #%#%: Operations,
Image processing, slicing. #%# raster map: Weight; #%#
output raster map: hazard. %% domain: Susceptibility.
ili show 1 OK.

ol IR B AT . SRS EERE, AR S, T
XT3 (slicing) #AF, HEIS IS ERHRBLTR.

T 3tFHZREK ILWIS
o fEfEEE CHUERMD) B, e N EEE, R
B, ST DU B A 2R SE AT . [ OB S R A
N, FHBLE R4 4 Final.

F18: HERNE
AL R 70 A D AR, RPPAS TS TS BRI “FURAES) 7 o MRAEBER A B S R A
FAF S RS BURTEE I oA, AT AR E BRI E RS, TSR R KA, R
A S BURIER, MEE, OGRS IR, RIRER T, IR, a2z
Z MG RS UG, BURTEEB S ook . B, 509 1S
B, Ao R AEAEUREE RSN 10 % (1 RITH

MR IAS, S M TS RIR A, IR Har44: success
o BATHUINEIIEMA, W
Run success weight

o BiTRMAZ G, {TITEKActiveweight. {TJT E/rGraph, i%#:5
percentmap £} X-axis, ¥/percentlandslideft Y-axis. PF4rit5i4s 58,
I Hooe Ui B (RERD R85 PSRRI ARl S HE .

o BKLSE, FHRIOBER,
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Case study: GIS for landslide hazard and risk assessment

//script for success rate calculation
// one parameter %1 = weight map resulting from the statistical analysis

del active%1.* -force

// Cross Final with Map: active
Active%1.tbt := TableCross(%1,active,IgnoreUndefs)

//In the cross table, calculate

tabcalc Active%1 npixact: =iff(active=1,npix,0)

tabcalc Active%1 Npcumactive = ColumnCumulative(npixact)
tabcalc Active%]1 totalslide = ColumnAggregateSum(npixact,,1)
tabcalc Active%1 totalarea = ColumnAggregateSum(npix,,1)
tabcalc Active%1 percentage:=100*(Npcumactive / totalslide)
tabcalc Active%1 Percentlandslide:=100-percentage

tabcalc Active%?1 Npixcumul:= cum(NPix)

tabcalc Active%1 reverse = totalarea -npixcumul

tabcalc Active%1 percentmap = 100*(reverse/totalarea)

// after this display a graph with Percentlandslide az y-axis and Percentmap as x-axis

percentrnap ® percentlandslide

1004

(

a0

S percentmap ¥ percentlandslide

70
B0+
504
40+

30 ‘{é

20+

percentlandslide

T T
0 10 20 30 40 a0 60 70 g0 a0 100
percentmap

. AGR R TR A T AT RECR I 288, HE N T A A S R o AR RSB ) )
Ferh, WHRH BN SHIEZ AP Z . ZEMOTEE T U T XA RSB ELE .

. INAZR B AN R A R AT i, PO EATRA & AR KA.

. R G FAR BRI, BB RN 5. BRI E IR ST H . ST X R AT B
AR AL, AT DCR IR 2 JE S0 & I e 3 V- Al T

F HxELRE ILWIS F

o TEHIHZXT, AR —NEA, ZMATT DLHF T — MR AR
i%: Weights of Evidence. WIREEHER, W] LAZAIEITE.
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Case study: GIS for landslide hazard and risk assessment

rem ILWIS Script for Weights of Evidence
//The parameter %1 refers to the name of the factor map. It should be less than 7 characters long.
// Make sure that each map has a domain with the same name

//FIRST WE WILL DELETE EXISTING RESULT FILES
// the crosstable s%1.tbt

//The attribute table %1.tbt

// and we make a new attribute table

del s%1.*
del w%1.*
del %1.tbt
crtbl %1 %1

//NOW WE CROSS THE FACTOR MAP WITH THE ACTIVITY MAP

// The landslide map should be called ACTIVE and should have either 0 or 1 values. 1 values mean
landslides.

// The cross table is called s%1

s%1=TableCross(%1.mpr,active.mpr,IgnoreUndefs)
calc s%1.tbt

//Now we calculate one column in the cross table to indicate only the pixels with landslides.
Tabcalc s%1 npixact=iff(active=1,NPix,0)

//NOW WE USE AGGREGATION FUNCTION, WITH OR WITHOUT A KEY TO CALCULATE:

//NCLASS = number of pixels in the class. We sum the values from columns Npix and group them by %1
//nslclass = number of pixels with landslides in the class.We sum the values from columns Npixact and
group them by %1

//nmap = number of pixels with landslides in the map. We sum the values from columns Npix and don't
group them

//nslide = number of pixels with landslide in the map. We sum the values from columns Npixact and don't
group them

//THE RESULTS ARE NOT STORED IN THE CROSS TABLE S%1 BUT IN THE ATTRIBUTE TABLE %1

Tabcalc s%1 %1.nclass = ColumnJoinSum(s%1.tbt,Npix,%1,1)
Tabcalc s%1 %1.nslclass = ColumnJoinSum(s%1.tbt,Npixact,%1,1)
Tabcalc s%1 %1.nmap = ColumnJoinSum(s%1.tbt,Npix,,1)
Tabcalc s%1 %1.nslide = ColumnJoinSum(s%1.tbt,Npixact,,1)

//NOW WE CALCULATE THE FOUR VALUES NPIX1 - NPIX4 AS INDICATED IN THE EXERCISE BOOK. THIS IS
DONE IN THE ATTRIBUTE TABLE
// We correct for the situation when Npix1 - Npix3 might be 0 pixels, and change it into 1 pixel

Tabcalc %1 npix1 =IFF((nslclass>0),nslclass,1)

Tabcalc %1 npix2 = IFF((nslide-nsliclass)=0,1,nslide-nslclass)
Tabcalc %1 npix3 = IFF((nclass-nsliclass)=0,1,nclass-nslclass)
Tabcalc %1 npix4 = nmap-nslide-nclass+nsiclass

//NOW WE CALCULATE THE WEIGHTS IN THE ATTRIBUTE TABLE
Tabcalc %1 wplus {dom=value.dom; vr=-10:10:0.00001} =
LN((npix1/(npix1+npix2))/(npix3/(npix3+npix4)))

Tabcalc %1 wminus {dom=value.dom; vr=-10:10:0.000001} =
LN((npix2/(npix1+npix2))/(npix4/(npix3+npix4)))

//NOW WE CALCULATE THE CONTRAST FACTOR
Tabcalc %1 Cw = wplus-wminus

//NOW WE CALCULATE THE FINAL WEIGHT

//The final weight is the sum of the positive weight and the negative weights of the other classes
Tabcalc %1 WminSum=aggsum(wminus)

Tabcalc %1 Wmap=wplus+Wminsum-Wminus

//NOW WE MAKE AN ATTRIBUTE MAP OF THE FINAL WEIGHTS
w%1.mpr = MapAttribute(%1,%1.Wmap)
calc w%1.mpr
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Case study: GIS for landslide hazard and risk assessment

23] 4. MRAMERTAHEERKESE

TR - 3 /I
# e ¥k A subdirectory:/exercise04
G155 ARG )W BT R A G BRI SRS P v S, oA AR e M. I 2R

THELREAS IOHS, FEA R R AR BEER . AR RN O T A€ P .

TR

AT AFE RS FET 1 RRUse TR RFEPRES

* i .

/R=cA+Weosfitano

Swessp o

Gh e

cA + Wcos P tan ¢
W osin 3

Hrp:
C = W% Js (Pa= N/m?).
A = KR (m).
W= FHhERE (kg).
B = W IMHA(°).
@ = PUBITRBLAI(°)
Rz A
F < 1 kb T AR EIRE;
F = 1 10340 T HRBR-FATIRAS s
F > 1 i3sb TRae iR,

KBRS CEEBIRORT 1:10,0000 95 730 Mt i fse 2% H RS LI 3 T 8 AT I o 3 R B w] AT AS E 1
RECRE R . RGEMEREOT LB g DERUR ), dHHEAAH . FRT 1 FoRisit TR RE:

F/AT 1308
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Case study: GIS for landslide hazard and risk assessment

BRAIR:

TR e TR IR 2 R, FEk, TRATOOR A & & M T S8 . R SRt o R, X — 4
TR AU A3 REIR I R — JEBRR (K P Tl H T Rl LA LR ok A v Sy, Btk el Ul GIS SEL. 54
Bl b, B BoeA A 2 1. AR AR FEAR AR TS Z R AE AR, R AT AN T B TT A R AR
FEME, MR R A v R Bl B vk R B0t A R (Brunsden and Prior, 1979):

¢+ (y-my,) zcosp tany

F =
vz si3 cof
o
c = 1% ME ) (Pa= N/m?).
y = t{AFEE (N/m3).
m = zn/z (LEHN).
Yw = KINERE (N/m3).
z = WAL (m).
z, = WEIRTH DA LM R KA R (m).
B = Ay (°).
) = ARGUEEA (°).

b = pixel

Slope surface

Water table

i
Zw'w, ‘

‘U= pore pressure

Slide sué;e w ,L/\ P b
T

cos 3

T BRAL AR AT AR SR AR E I, BT ARV S e AR e M. BEATHEAN AT 5
I PAZR R B . AGSIOOHFEARIEN CERD FRFIREE R, A% EHERE,
WA T AHSC R T LLZ% Van Westen (1993)? ? . PR R BT LU AE, Ak
LRES (BOR) BRI

WLEE T ALAL BB A\ B

EW 2 h, (CRAPANZHE: Soildepth(1)Z/5EE) 1 Slope_map (IA¥idipg), ik
YRS, AT

* #]JF Soildepth 7 Slope_map FikEJF H&FEE L. i Display Options
SHEAE ) OK #5112 bl o
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Case study: GIS for landslide hazard and risk assessment

Rk

TEAERG IR N 2 J2 R0 78 XAk 3
A (GEE D
AR S, AR
AR .

M:

Zw/Z =
R KA IR /
TN TR 2

Sine 1 Cosine

16 ILWIS 1A, sine Fil
cosine [ AN K S g LASIURE A
£i7, AL Slope_map F: LLEE
B AL . A, BT ek
Slope_map MEABEECK Hfr, #ik

AGRJIH 0y, BATROCR IR WA A (T

SR IRRGE T

TP RUE TE R AL A2 A I RE P &

e, A LR R A B DR RS E P AR

R L AR 5 B S BT (KR AR R B T E AR ER B4k,
L HERIERE 2, TERIASRUE T AR 2S5 Wi
WA, AT BLA R S A

c'= HHWE S (Pa= N/m?)
Yo= KEIEE (N/m?)

N/m3
_ z = BRIIRNE (m)
o SR smncn ()
, B = Wrfsish (°)
taréibire OnRdp

11000 Pa
10000

= map

= map

BUEME AR NSO M TR AR, AR T RIS Mk A, il m (R
M AEL S 1 3t A R AR TR L 2 TR R G AR

FERTT UMk 5T, 1B % Slope_map K. 52
) =S NI AR
SO B T % AR

HiEmEL
sin(slope) =
cos(slope) = LI 45244

cos2(slope) = cos(slope)*cos(slope) I 4%l K F 7D

76 ILWIS A=, sine Hl cosine 4 AR L
CLEEBICA BRIt . DRy, RO 4R Slope_map MULEEECK 547, 4Kk LUK EE g 504 o

ILWIS Ef5 Degrad A, :

€ LLIIEE y A

Degrad(Slope) Il EEF#H 68 slope*21/360

MmIxA1H Slope_map &

e {£command line (fr&17) FHENTFHFA:

Slrad:=degrad(Slope_map)O
FEZERIN B/ ME, S N EFIAE

o FFFUHES R SIrad, JEXfLHEE Bl S Slope_map EEE. JRH
ILWIS pocket line calculator (fl&i#F command line HEA “?
sin(PI/2)” , #if “17 B4 HEl) 52 Windows HE8%, $#%M _EH T4 A

X T LR ITRE T

BUAEFRATTAT LAAE R A7 B 4 9ICRE AR 3 v SR SRR 52 A o AR 7T LA 33
REEEATUHE, BHETUE DA SEd ~ X 6.1 /58 &EEREKNME.

AR P 3 B T 3K

32



Case study: GIS for landslide hazard and risk assessment

7t command line (fir447) AN FHINAR:
Si:=sin(Slrad)C

(AR, BT DAV a3 3 B M IE 5% 4H)

A E/ME (—1) FEsKME (1), FFHBREE®E N 0.001.

RS E S S, IF o be 3 B e 5K Slirad _E%dE. IR ILWIS
pocket line calculator 5i /& Windows i154%, %M EHTAMAR, HHE—%
FLIOA I IE 3% AE -

7t command line (fg&47) PN FHKA:
Co:=cos(Slrad)C

(HIEARA, EAT LA S s B I AR5 E )

BZBNE/ME (=D FEKE (+1) , JFH¥ERERES 0.001.

FITFH SR IE Co, IFHXS LI S5 18 Sirad ESUE. IR Bk 771,
THE ST AR IZ M, DU RS IT R A .

7t command line (ir&47) AN FHINAR:
Co2=sq(Co)0O

(AR, o L SEHUAYRER RS89 T, function Sq()7E ILWIS i
B L)

BB BRI

R HLE R

BUESS ORI T AT RGE T A ST RS HG BT m s JER R /KA i ¢

£ ILWIS F & — M ERGEREETHER A

Functions (A=)

ILWIS & T N8 B
A4, HPATLLE Sl
AR, B
T, ZUHENR—
FAKXN, HPAE XA
AT AT B4 15 A KR
IR P E o AR
—FEREREX, B
Gy s L (N R /N
3, BRI R (1)
LA

ZH I o

FERE ORI AR >, ROk 2 S N e PRI R GE PRV LA, THSEARNE 0L (00 A4
ANER AT ISR E Y. D TR R X E A AKX, ATLL

dr AT AR AR, TR

* Wil operations list Hf¥] New Function. The Create function XJiGHE #¢4T

Ito

e H#t)X Function Name: Fs
B the expression:

(Cohesion+(Gamma-m*Gammaw)*Z*Co2*Tanphi)/
(Gamma*Z*Si*Co)

# A the Description: Safety factor.
e idi OK, Edit Function XEHERHT I, #idi OK.

FERXAXEHES, A LG AR HATma&isBA .

33




Case study: GIS for landslide hazard and risk assessment

Function fs(Value Cohesion,Value Gamma,Value M,Value Gammaw,Value Z,Value
Co2,Value Tanphi,Value Si,Value Co) : Value

Begin
Return (Cohesion +(Gamma-M*Gammaw)*Z*Co2*Tanphi) /(Gamma*Z*Si*Co)
End;

BATLLE B AN S R 25 (BHTESR—17) -
- Value Cohesion: %A B M

- Value gamma: &K #(H;

- Value m: z,/z G /KA HER/BEIRHNRE )
- Value gammaw: K& {E;

- Value z: BRI R,

- Value co2: i3 R 2 A4~ F 7 :

- Value tanphi: G 2BUB 58 £ 1 1 D)ME;

- Value si: 335 IE %A

- Value co: i3k % 45418

SRT, Rt AR 2 e r), ol DA EATHAT I A AR oL CL0D 5. 1KLL g i AR i «
Value Cohesion (11000 Pa), Value Gammaw (10000 N/m*), Value Z (k%% Soildepth),
Value Co2 (#H% K| Co2), Value Tanphi (0.625), Value Si (raster map Si), and Value Co
(raster map Co).

I A AT AAEAR KRR E i fbiZa s,

Function fs(Value Gamma,Value M) : Value

Begin
Return(11000+((Gamma-m*10000)*Soildepth*C02*0.625))
/(Gamma* Soildepth *Si*Co)

End;

s W, ARPHAPIANEE: Value Gamma (H4AEE) {4 and Value m ( z,/2) .

&

o G, HEMLE EmAAXFER, fd OK.

ANFIHT KA R T T HIAs e R EOHE
PUAERAC L 55H T AR, BRI SRRNER (L0 FHMIRGE R A 65
Sy, DG HEMERO N RINE, BTN DM T PRt R AL AR .
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Case study: GIS for landslide hazard and risk assessment

To/AK T

HETH R AR T oK & FRIRETE R AERXFME T, m 4T 0.
[ st iy SC R4 (55 S 4

¢ = AN ES (Pa= N/m2) = 11000 Pa

= TR (N/m3) = 11000 N/m3
yw = KEEE (N/m3) = 10000 N/m3
z = IR TR (m) = map Soildepth
m = z,/z (L#HN) =0

= msish (%) = map Slope_map
¢ = HRBBTEEM (°) =32°
tan(¢) = AU B A B E DME = 0.625
sin(B) = IR IE %A = map Si
cos (B) = BN ARIEME = map Co
cos2(B) = W A2 A 1 T = map Co2

M U ETF AT ETERAG TS RAE T . A Fs TREHA%E: 11000 (Value
Gamma)#fl 0 (Value m).

e ff command line (@447 TN THKAR:
Fdry:=Fs(11000,0)0C
o IEH/MENO, HAMEN 100, KEH 0.1,

o TSR Fdry, Bz RS SHE EREE. % ICBR AR et R HG T
A, FH ILWIS pocket line calculator & Windows 3%, FaffvtE—Lk
FIGR IR e tE RS, DURAIETH S 45 R Fdry.

FEVFH AR (Fdry) b, f> FOCIBET e EK. ZRIOEIE R “7 7 o RIS TIT
1, TLUREL, BB ST R R T RE R R s BRSO LR R ERIXD . MR T
S XA OL T RRRGEEAR AL, PSS AT EUBCOD RS EA TN “RE” Xk,
IEAEPTARS I —FF, EIRSERTIRIEDL, AATREAR AL, W “RiskCity” Preeff i, A
FHAREIEEN . B Fdry SoRiGR RGeS IELLBRADRE —F, ERXMTREETS, Ao
L DI EOEATE N . N TR HZER, BATH LA Fdry 21500 =30 (classes) :

ARE =fEtERE N T 1
e PR = RUEVEREHE 1~1.5 2 [A]
e = REERLKT 1.5

&=

o FTAMEIUE L Stabil (type class, group), A FEI=ANZS (classes) :

Boundary Name
1 Unstable
1.5 Critical
100 Stable
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Case study: GIS for landslide hazard and risk assessment

o ] “Slicing” #4E, #%MH(hkk Stabil, %K Fdry 347814, 734K Fdryc.

* 5K Fdryc [ histogram (FRRGHED , HfE—ARE, B=AK0 (M, W%
BORSFTE) MIH o, dRAE—F, ¥izdla4 8 Dry. Jaif, RATKIHEILE Ko
T HEAEBIIT AR E o L

ARGE IR I ELG], 45 T RATER I . B, FETRGAF T, ARE B ook 2 AN AT Rk 2B R AR
.

STEEWEMEM
N L, CREPEU AR AL T g A K S R RS E M. BRI R Ol AN SRR, HE
RELATRATERAL, DU FF RN R (RSB N KA WH00T, Wi ERE R
AT AREN, TEMIARE T R AKX m 55T 1, Waue it SRRk E) T 3.
UEAh, AT Ay, AR TR EWARE T, KRR

c'= HNES) (Pa= N/m2) = 11000 Pa
y= TARER (N/m3) = 16000 N/m3
YW = KEIERE (N/m3) = 10000 N/m3
zZ= WK (m) = map Soildepth
m = z,/z (JoiHN) =0
= emiwish (°) = map Slope_map
= HRBBIERE A (°) =32°
tan(¢) = AU S EE A R E VME = 0.625
sin(B) = R I IE 5248 = map Si
cos (B) = W RER AR 5% A8 = map Co
cos2(B) = I (R 452 A8 7 O = map Co2

AR Fs T &R : 16000 (Value Gamma)#l 1 (Value m).

&

e {£command line (fr&47) N FHIAR:
Fsat:=Fs(16000,1)0

o WER/MENO0, BKAMEA 100, KK 0.1. ¥ GeoReference Bi4sh
“Somewhere”.

o T4 K Fsat , %z, K Fdry g B Esdn. el TGR ik iE gtk &
it A, KA ILWIS pocket line calculator 5t/ Windows 145148, FahHit4E
—LER TR R E PE R AL, DURIETHA 45 A Fsat.

o J{ “Slicing” #{E (ff image procession 38 F) , #%KH(ELL Stabil, %Kl Fsat
HATRIZr, 754 Kl Fsatc,

* 15714 Fsatc [ histogram CHERZEHED , B =40 (ARGE, RS AERE)
ME S, WskAE 41, Bixsldrsh Sat. X Luixs|h M4 S5 iR 441 1Y Dry
FH R H e

BAE, BATCEUHE T AR LI, LR e R NRM T, BT .
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Case study: GIS for landslide hazard and risk assessment

&
o MNEUEL Stabil @ — /NS . Create a table from the domain Stabil.
o EFEHAH) Columns, Join Jfik#E Table histogram of Fdryc; #%# the
column (%)) Npixpct. ¥ output column Ci@ihi3l) @4k Dry . B32ERIAE,
i OK.
e MFEIFERI YL, B Join Table histogram of Fsatc, # output column (it
B fnsh Sat.
b
o AR E A Graph & , Bk X axis Aiita-5hsid, EF Dry /E4 Y
axis , ¥ OK. KA FR], ETEREAMET, =FARREMER, A M E o
LLITAE IR GE vt 1
e 7f Graph % 0+, FTJF Edit menu, Add Graph #i£# from columns. %£#: Y axis
Sat.
o S HHN TR AR IZ X I A AR R e R L g
BB &4t
&
o UELEWLLASEI T, A 0~1 ZaiHE M{E, FH28 M xR e R
l:l;ur]
o ASH ST HL TR ORI S AR P (1) 45
MTFEZLE%K ILWIS A :
F NTHLREK ILWIS F/:
KA R A ZR AN R A RE

. *EJE/NTE’H‘):%’S’W%M.M\%&, KA ARSI ARERE, o T
PR R . AT Blidid /e Lithology il A%l Cohesion,
FrictionAngle 7l Gamma, K SE AL

F NFHLRKM ILWIS F/:
R F R R B T o
o FERTIHIOZSICH, AU —ABIRTEREE, B2 LER R . XN S
S AT AN M o - ELRR R TR A FE 43 500« mm3m,5mm1mnﬁmmw
Fase k.

F NFHLRKM ILWIS f/:
WHEIER m &
o BRI m T, MR AR LR, ARBEEL T, fik
At F=1 I m .
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Case study: GIS for landslide hazard and risk assessment

23] 5. EEImKITE

TSI - 3 /it
o 4 ¥4k ok 1 subdirectory:/exercise05
GRS ARG 3K A P U AR DA R e RO R MV T, el

AN FRTESBBURE AN 2 40 PE S AR FE R RSB B AT SE P VEAl s 5y —RhTTvE 2 — Rl
PRERMTTE, SITEN SO E AR, SO R R, U
BIFAL R ICE IR, AR5 456 PTRESZ B B AT G R, S 2845 HH KU

MNERE

ERAGR S T, AT B SR K (Susceptibility), iZE R A1) 3, it
Gl IR AR . R TSR B B R, BRI B R
“mapping_units” &MAEHFTXEE; “building_map” &KBLT BAREFEE o It
bh, GEETEYOR A TR (TRt 58K Landslide_ID , ] DU RS #6745
K

Raster Building blocks of the city
table Table containing general statistical information on the
number of buildings and people per building block
Raster Map showing individual buildings.
Segment The boundary lines of the buildings

Points within each of the interpreted landslides with
associated attribute table

Table Attribute table with information on the landslides in the area.
Landslide susceptibility map made using a statistical method.

Raster High resolution image of the study area.

F 184 BRRERETGEELSZ: EEZ

A S 6 TC VAR I 5 10 ¥ 8 o 2k
High Modersts 05 L, AT MR A MR
PR S AT A%
KEE CGEM) 55 HiEE
CRVE HIZE & (0 )7 T T
fio SEVERON I B 5 |
L Y R R L Y 5 9
e T L W kW X 4 1 8
BOCEASHIF, LEREN
b e IN=E ¢ O

Moderate

Low

o Moderate  Hiah S 7 2 A ¢
> 5 B P 4 BT £
Vulnerability EET R
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Case study: GIS for landslide hazard and risk assessment

T S AEURE M Vel P AT TRE 3% 3 1A SRR N R BB P DX 3, e S 3 R N v S5 SRR DX
TSR YE 447 “Susceptibility” o FATIEK FH 2IHHS L E Mapping_units
AL 22 R B RA% Xt Sy et AT o

HI1E Z 45 1

=
o MBS K4 H Somewhere, ik & mapping_units.

o ITITEHKE Mapping_units Jf HE2E L& A K71 .

« {77t Susceptibility, H&EXEIMHNE, [FREEHCHEEES (overlay) fEixK L.

X B AR RS 5
UNEPMPNIN
fajfb. Wiff
SERE PR TH]
PATTHE AT LAY,
i Spatial Multi
Criteria
Evaluation/s
%, XKHZM
PEHbRAE, X
AT RS
LR = A

W RS, SRS RN TR RO R D . R R oA
NHE, W LR S iR e o =K. BATRAR S I o, W S Bl F kil 23 7 ik, 0 2
BAEREAT RISy, QN R PR (T DR X9 Jrik, AT -

A HICINE Y EE REASBITIRE N T 0E
Rtk <5 <3
RS i 6 - 25 4 -20
= 2k > 25 > 20

FATTH DU A S I BRSNS 40 PR P Rt m] DASE T N I B S 4 MR A T Xl
TR, PSR AR

p—

o AN REMEIR Vulnerability, 45— (Low_v, Moderate_v, High_v).

«  {EXK Mapping_units ¢ 7—%] Vuln_buildings, %%/ &b g
WHEERIVEM bR AE, MW A, A

Vuln_buildings:=iff(nr_buildings<5,”Low_v",iff(nr_buildings< 25,
“Moderate_v”, "High_v"))

-« MA—AAR, %K Mapping_units v, M LD T, HT 7
Vuln_population. A&z,

o HESWREME S HiIME (vuln_buildings 71 vuln_population) , Jf HifiE
AXP R B ER . 1en: EENAT, NA OR &I, fEEMFER R
MAR . Bd Ay dr4 . vulnerability (N ] %4 B i 2 37 i % 5
Vulnerability)

Huar, Bog@ 17 o —2, 5 Har L@ B Mapping_units # 3r
Vulnerability fFF1ER .

&
o NHMHE K Mapping_units FiEEHH ) Vulnerability 41, @ S2AF R .
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Case study: GIS for landslide hazard and risk assessment

e faEN It

B, BATR S G S BIEMBURTE R, A I I AT AR (K iR S
PSS 17, I RAE IR SO R

&

« ¥ File, Create, 2 Dimensional Table. #i A\ F41Z%;.

Table name: Qualitative_risk

Primary Domain: Susceptibility

Secondary Domain: Vulnerability

Contents Domain: & . — A ¥ i 2> K40 {E 8 Risk, JF i o 26 -

High_risk, Moderate_risk, 1 Low_risk.
TEAT2ATHIEAT T 22X

Qualitative_risk = Qualitative_risk [Susceptibility,Vulnerability]

A5G TR IR R XU P

&

o AR TR AR XU X TR 1 23

A E 40 b

[ N
IR IX
KT R

For experienced ILWIS users
T MTFHLRE ILWIS f:

Pt 5 12 1k

A DA 55— Flons Sy i et R 2 Tk, 025 Rk N R A A
SPEI RIS bR . WSS RE, IS RAT s .

F W FHLRE ILWIS ff:

DA S AR
o SR T DUE DR fE SR 0 DRl CBR TR I =Fhm . HAERMIRZ b,
B —Abe AR, ZEREE R EFINEEO R BEUR L
Bl JHEERERE, AEIEE 4 NEEREE N S8

F W FHLRE ILWIS A/
BRIERRSE

o R, BAVKAHIEHER ARG SO0 8 H R GEH) S 40 A X 2EAT PF
fiti, FFMEER
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Case study: GIS for landslide hazard and risk assessment

E 2845

Risk formula:
Risk =H*V*A

H= Hazard

V= Vulnerability
A= Amount of
Elements at risk

FEERER R E

55 TR SR RS VA U R e E TV . 1RO R T UK X 1] (Susceptibility) Al
Mk Map_units 45, WFEAL TR, PAERVRBUR D by BN D B0 . X452 —Fle
ERITTR, BSOS T KEG AKX CZEREfrs) i) “Amount” o RATHLEIL AN GE
TSRS, DR A A TAN S e 0 Py I T R (o) A Ol ek o

Susceptibility map

Number of buildings per
mappmg umt m  high

Mapping units
f ‘ hazard zone

Number of buildings

Elements

at rigk

High
Moderate
Low

Figure: i/ 524t 7755k 15 HITARIERIX 1Y 2RI AT B A9 2

;‘dzﬂ‘]fﬂ?j?ﬁﬁﬁﬁﬂﬁ%*ﬂﬂ%f@ mapping_units I susceptibility S 1777, 20832 @b 5t
LN

e & Operations / Raster Operations / Cross. ¥ Mapping_units Fi
Susceptibility #17CX . #—MA XK Mapping_units_LSS, fl—5 X
K, SR AH R )44 7

e TERXXFKK Mapping_units_LSS ', EIEUESANHE R ITH AR, K
Columns / Aggregate. it # %| Area, Function: Sum, group by
Mapping_units, #j4i%]: area_unit

o IAEFRATNT LAUT B AR T v s X 0 b P T I T AR B 4. ) RUIRLIE R A 2R TR A%
T

LSS_high:=iff(Susceptibility ="high ", area/area_unit,0)
RAIKEEE N 0.001
o MAEACHMAX, FEUHEAL T SRR HURE DX BT B TC R TAR 226
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Case study: GIS for landslide hazard and risk assessment

MAERM OV A TR EBURIESES, P b M B R ICr A o . AT RE RS TH K,
FEA MR IT, A TR RS R R . (Rt FRAVBCA R S A A M L R T
(0 o3 A e ) — 1, IX A Be A SE bR W 00 A DT AR . 0% T il N B R I AE R B DR A AR R
Mapping_units .

&
* T JF % mapping_units Jf % 5 %] nr_buildings 1 N % . A )5 I K
Mapping_units_LSS.
« Join ¥ Mapping_units , AL T nr_buildings %1,
o ARJE BT AT LA A AS [ M B e AU MR AR R, BRSO s R R . Biln, R
TR DX 3k FH s 2 B A
LS_Risk_high = LSS_high * nr_buildings
o UME AT R BURE X s B S, RIS ILNSRTE R AR SR AR
AL T S RVICBURR IR 8 5 |2 S A, IR s 2 S B 2 T 1A
s R A [ERane
rh SRR
AU

T TS TR VRS VR, FRATT AT DU AL TE s AR RS X s R R, il AR
Mapping_units .

&=

« $IJFEHM Mapping_units, JfifiA (Join) X% Mapping_units_LSS
) LS_Risk_high %] (Nl maximum aggregation, X xf T [RIFEH
W FIe, HEfESEHR (PSR 2B E R ERTEN 00 « ¥
Wiyl 4 A Nr_B_High .

e XHREMHEMAFZZEITHPEMMKAEFSXMZEMFE RN E:
Nr_B_moderate i Nr_B_low.

ELA (BECAT28 S5 At S ST U S R A7 2 N S R Ul L =3y P Gl 7T U N R 8 1 9
R DI, DL AR T 2 X s o B

&

« JH#EH Mapping_units 1) Nr_B_High %, 4 MK, Ik
Hi 440 NR_B_high GXZEIZoR T 4b T sk i b D i R34 Hh )
PICHIRAEE)

o HIEFEMI T, AR SRR BUR X S R iE L . Nr_B_Moderate
M Nr_B_Low . M % 1F NR_B_high . Nr_B_Moderate i
Nr_B_Low, MEEMT HH—S e A8 (Al o0 A i) 45 e s 2
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Case study: GIS for landslide hazard and risk assessment

NAHBEAEFY (Using the individual building)

RV R T RE A @ R, BN TR SEITTR 045 k 2 DUREA B SO BT, A
AT E R X RN R B . RS building footprint HuKEl, WAL H
Building_map ., %LU &K Susceptibility S5i# & Building_map, HI%2
X, Kb AREAS SR AL R R

Note X B Fh %1t
IR
M, 1EH
Mapping_units& %
= MINRE STtk gy
i, EAREE
building footprint
msp.

&=
« i%k$ Operations / Raster Operations / Cross. % X Hi#it% Building_map
I Susceptibility. &A% XEH building_nr_LSS. %&£ 4t €4
building_nr_LSS.
o  HUEARZXEK Building_nr_LSS ', BT mEfER X @5, i R
AT DLSEEZ T
LR_high: =iff((Susceptibility ="high"),1,0)
o FHIFEFE R 7 vt S5 v S FOAIG fe B DX 1R )
o B EL B EURHIS HE building_nr_LSS K@Y (ANERICIERIERE T, Kk
BRI i)
o ENERPHANESE I E.
sk e ERase
S UK E
GO
&

o HEERSEAVESR, GRS ALiR?

BUAEBATRE T S UG VAL 22 30 19 Amount i 75«
Risk = Probability * Vulnerability * Amount.

WERBA MR B BB, 52y T faled) Mt (b RS Hoe e, e
%W F, S # ¥ (Vulnerability ) 24 “17 . “Amount” i 7> 5 br | 2%
Vulnerability*Amount=Consequences.

X THLRK ILWIS H

T xFHELREK ILWIS ot
Bt EAYBER T E Tk
o RN SR ITI ST ECR AL B AR A S K] Building_map
GBS T A A BE oL T e . Bk A Building_map
RS PR A A ) T, GRS B s A R R R T
fas ] LUl i A8 S
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Case study: GIS for landslide hazard and risk assessment

% 3 &B4:

F XMFHEZRM ILWIS /A
BOEAR R R~ B A SR IV 5
o ZJTVE AT DA FHAE VAR A v R A A XU X RN TR R SE L A [R) ki s Y
RIS R . AR, IR S Rl R ERE T,

F XTFHZRE ILWIS i/~
3o S (vulnerability) i+
e MTWEAFEHDMWRSTMEZEZHENER, NEIFEMS LB
“Vulnerability”th nf LU /NF 1 1. o] DUBCSOBR R 2230, 52 i3
B FR BN, WREAS e BBl —Mork e ?

T xtFHELRE ILWIS F/:
F Cost LI Amount B# XK M AR K Amount
o EREEIEE AR T, ATLLHYAmount”FeLl Cost (EFIMIMIME) KFHh
“Amount”. AN[FEESIN Cost M4 H T H 2R A 45 S AR ) o

EEUESFHRK, FEBFH KK fhZk

TSRS VRS R = MO iR 2 — FoE R k. MRAE B PR 2 30, 207 B s B 1 RERS
KA AR . IR S it il G TR R R .

Risk = Hazard * Vulnerability * Amount.

B hazard (=probability) 71 vulnerability. HL7ERATME— & H kI
My b T m PR M AR X A S 3R (Amount) o FRATTEZ 4 T i —

ue i)

1. B2 DI RS S IR, TR BB B 2
. G R 10 A >

3, TR 1 S >
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Case study: GIS for landslide hazard and risk assessment

M susceptibility #| hazard
H TR hazard CREMER) MK, Tl 175 BB LURPIEES):

W AIME# (Temporal probability) : 25— K KIZ WY, 3] 68 & A i R A
R, XH, BRAEELENZ W EIN S ERERE -, B0 T ML
AN 50, 100, 200, 300 fi1400 H£—i#.

2 A% (Spatial probability): J:—4¢E Xk, ZH—ME (EIYD WY
M ) 2 (AR o 22 DM e ] LI ok o AN ) S S 55 4k, W 3 i 28 B QU S m AR T oy
MIETrEL) G,

Hazard = temporal probability * spatial probability

WA s PEERMCBUR X (FEF DX 1€ SO EMT), AN R S R X = AN b i)
AR o XAl A A A n] LU F I R % (temporal probability =1/return
period for annual probability, 1/FEILH, HIAEAE MM EF) el =S AR (spatial
probability= what is the chance that 1 pixel is affected, &N FICHK 3215 355 0 1 HE
)

&

o  EEM Landslide_ID (/) ReturnPeriod %), A4S ari&l, Hdv4
#: Landslide_RP.

. ZEHIE Landslide_RP fil Susceptibility /)4 %

o K HH#% M K Susceptibility 71 Landslide_RP #4174 X, (Raster
Operations, Cross, do not ignore undefined values). ¥ % & ¥y 4
J: Hazard_RP.

- MH aggregation Jjfg, iFES—MEFEEHR Ga. PEAML KR, IF%
MR R Z5 1, KIH 57 EXCEL 30

o IFHEEIWWHmAR (WFER , HE®s&MN: assumption is that
events with a larger return period will also trigger those
landslides that would be triggered by events from smaller
return periods (I KIS, Sk LI TN ae
BRI -

o U{Efe EXCEL SCffrbil A i, fMiEsasEg ™ mmsesas, JEa
BERBGHETED,

BB BB AN RS F T, WSO R RENE . Hrihil, e R —HEn
FIYIN, KB RAAE T I S SRR A R
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Case study: GIS for landslide hazard and risk assessment

Landslide
area 46578 375898 231863 190954 107777
Cumulative
landslide
area 46587 422476 654339 845293 953070
Class area 2566780 | 2566780 | 2566780 | 2566780 | 2566780
Spatial
probability
(=density) 0.01815 0.1464 0.0903 0.0744 0.0420
Temporal
Probability 0.02 0.01 0.005 0.0033 0.0025
Hazard 0.000362
Landslide
area

Cumulative
landslide
area

Class area
Density

Temporal
Probability

Hazard

Landslide
area
Cumulative
landslide
area

Class area
Density

Temporal
Probability

Hazard

BRI R B, BATHEROR AR, BTV 1 BREVEIL, At Le 2
FEE I SOR R

&

«  BlfEfE EXCEL SUfFf, WHERMETHSE. SMEINRER, KA
AR, IR S RICRAEZRIE T

WIET TR, Hazard (CREMEE) 2T temporal probability (a2 Ll spatial
probability (ZFMEH) THEAHK. FrLlE RERE B e ESY R, R g
RESZ T SR M R AE AR
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Case study: GIS for landslide hazard and risk assessment

o OUEAE EXCEL A HAERE T 54, AE4 MUY N i o a iR, JFA
R R g .

OHTE R S R R (Hazard) L aT LA IRLes i 2
WHER

FERTTHIN SR, BATCEHEAH 7T, PSR FX @AY EGE. X i
F4-%* Mapping_units 71 %]: Nr_B__high, Nr_B_moderate 7! Nr_B_Low
.

SIEALE

ST SO B G AR 2 SR . TR SR SR T L T BT R A A A R
APTT . MHXEEHR R AR . B, EVF2 e flh, @3 o i W e h
“17, MM B % IET KBRS %) 58 e sIR . R, ERATSBIT, X F
BB ot S ST RS A ASOR  DRIt, JRATT TR g B (s mT UG FLE AT -
3 FH 3 EU LAY H e, SETHBRENTH b7 2 19 25 IR BB, 129 KH) @S 875
BT RHERN P BEMERE A

MR, TP IRt ERE, SR AR AL, (Rl ik nT DL R TSR By i (1 5
Wi Ces T Fa X, T AR PRI S i) o Ak, JRATTH AT LU AT S B v A D
Jrik, ARV R RR bR HE, ORI+ 5 0% Bk, BAIRT B
i BB, KT ST SRR NS B 00 B B PR BEAT A 5

« {E¥HE Mapping_units 1217 AKX, LA vulnerability 41):
Vuln:=iff(PerVacant=1,0,1-(Perc3floor+Percover3fioor))
o B R EOR S H K Mapping_units () /MEFMEE . vulnerability {H
ARSI 2 2 /02 g al o sng ?

BRAGH

MARMN A HAH T, Fra iR L s Z2 4l , o TR AR T %1
HTLIER K Mapping_units 1 #5¢)k. 6, BATKA 1/50 £EIH (50 £
[UREe €T
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Case study: GIS for landslide hazard and risk assessment

o {EEH% Mapping_units ', TR FESY, SMEIUE R EMEEEUE. K
JAR IR TS EE R (BRI 55 B AR s AE IR RS .
Loss050_high:= 0.0181 * vuln * Nr_B__high
Loss100_high:= 0.1672 * vuln * Nr_B__ high

Par:
5

WA S, ARG CRNEEID R AT V8. BRI HEAN DX I 2 % B 5
i, WA PR T . FEPRZAMZE (spatial probability) , ZERTH O 4T Ik
T, Rl SR AERTH RS

Risk050_High 0.0181 | Vuln Nr_B__high
Risk050_Moderate | 0.1672 | Vuln Nr_B__mod
Risk050_Low Vuln Nr_B__ low
Risk100_High Vuln Nr_B__high
Risk100_Moderate Vuln Nr_B_ _mod
Risk100_Low Vuln Nr_B__ low
Risk200_High Vuln Nr_B__high
Risk200_Moderate Vuln Nr_B__ _mod
Risk200_Low Vuln Nr_B__ low
Risk300_High Vuln Nr_B__high
Risk300_Moderate Vuln Nr_B__ _mod
Risk300_Low Vuln Nr_B__ low
Risk400_High Vuln Nr_B__high
Risk400_Moderate Vuln Nr_B__ _mod
Risk400_Low Vuln Nr_B__ low
A R 2%

BV AR LI (A AFE R B NS A5, DR AT DL SR
AETE RS, Jfm RS 2. HLIE TR

0.02
0.01
0.005
0.00333
0.0025
Total risk (buildings)

BUAEm—A> 2, DURERN o0 CREAVRELND M8 X—axis, ISR ERSEME N Y-
Axis o BRI T TR, KT
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Case study: GIS for landslide hazard and risk assessment

Fisk Curve
0.025 1
002 -
£
= 0015
=
=
=
=
Enm-
<
0,005
I:I T T T T
34.999 312511 534,355 956.195 1408 425
Lossesper scenario
&
o BRVEMIX—REE? g ? HIALKERTA R, g R X g ?
X FHLKK ILWIS A/
F FELREK ILWIS Ff:
ek RS T v

o CEIVFE ML TR mAEE R KR . ST DUE I AR A R AR, R JE
BATRGy, VRS N RS AR SRR BUE LTS TR, R T 0 X
Xl 93 A = SRR I 7 iR 5

o SRR E A B S PP T i, T IR KU TS

o HTIRIBER A E R, R .

49




