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Natural Hazards (extreme geophysical and hiological events)

" Geologic Earthquakes, volcanic eruptions, landslides, avalanches

Atmospheric Cyclones, tornadoes, hail, ice and snow
Hydrologic River floods, coastal floods, drought
Biologic Epidemic diseases, wildfires

Technological Hazards (major accidents)
Transport accidents Air crashes, train crashes, ship wrecks
Industrial failures Explosions and fires, release of toxic or radioactive materials
Unsafe public buildings and Structural collapse, fire
facilities
Hazardous materials Storage, transport, miss-use

Context hazards (global change)
Climate change Sea-level rise, frequency change of extreme events
Environmental degradation Deforestation, desertification, loss of natural resources
Land pressure Intensive urbanization, concentration of essential facilities
Super hazards Catastrophic Earth changes, impact of near-Earth objects
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Continents Events Killed Injured Homeless Affected : Af-l;:g:: d uga('(‘)‘gg; )
Africa 23 745 56 7,936 13,748 21,740 No data
Americas 145 20,684 4,809 186,752 4,485,037 4,676,598 1,226,927

Asia 255 18,299 3,776 3,825,311 1,647,683 5,476,770 1,534,893
Europe 72 16,758 523 8,625 39,376 48,524 2,487,389

Oceania 16 542 52 18,000 2,963 21,015 2,466
Total 511 57,028 9,216 4,046,624 6,188,807 10,244,647 5,251,675
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Figure 3.L.2: The figure shows the “typical” textbook

landslide with a clear backscarp, rotated s
blocks in the zone of depletion, 3
separated by minor scarps. Clear side
scarps, and a rotational failure surface|
Displaced material with transverse
cracks in the zone of
accumulation. In reality
there are many
different types
and many will not
look like this.
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Scales of

Group Data layer and Relevance for landslide susceptibility and hazard analysis

types assessment RImMmILID

Digital Slope gradient Most important factor in gravitational movements R H | HIH
Elevation Slope direction Might reflect differences in soil moisture and vegetation H|H | HEIH
Models Slope length/shape | Indicator for slope hydrology M|HI|[H|H
Flow direction Used in slope hydrological modeling B M | HI|H

Flow accumulation | Used in slope hydrological modeling L|M|H|H

Internal relief In small scale assessment as indicator for type of terrain. | H | M | L | L

Drainage density In small scale assessment as indicator for type of terrain. | H [ M | L [ L

Geology Rock types Based on engineering properties on rock types BN BRI EH
Weathering Depth of profile is an important factor N M HIH
Discontinuities Discontinuity sets and characteristics B M [ H|H

Structural aspects | Geological structure in relation with slope angle/direction | H | H [ H |H

Faults Distance from active faults or width of fault zones H|HI|HI|H

Soils Soil types Engineering soils with genetic or geotechnical properties M| HI|HI|H
Soil depth Soil depth based on boreholes, geophysics and outcrops I3 M 1 HIH

Geotechnical prop. | Grainsize, cohesion, friction angle, bulk density i M | HIH

L Hydrological prop. | Pore volume, saturated conductivity, PF curve L| M|H|H

Hydrology | Water table Spatially and temporal depth to ground water tahle PR M [ H
Soil moisture Spatially and temporal soil moisture content I M. | H
Hydrologic Interception, Evapotranspiration, throughfall, overland Ml HIHIH
components flow, infiltration, percolation etc.

L Stream network Buffer zones around streams H| H [H[EE
Geomorpho | Physiographic units | First subdivision of the terrain in zones H | M |[Ee
-logy Terrain Mapping Homogeneous units of lithology, morphography and gl m R

Units processes
Geomorpholy Genetic classification of main landform building processes | H [ H | M [ L
L Slope facets Geomorphological subdivision of terrain in slope facets H| R | H}E
Landuse Land use map Type of land use/ land cover HolH | EIH
Land use changes | Temporal varying land use/ land cover M| H|H|H
Vegetation Type, canopy cover, rooting depth, root cohesion, weight | L | M |H |H
Roads Buffers around roads in sloping areas with road cuts M| HI|[HI|H
Buildings Slope cuts made for building construction M| HI|[HI|H
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| Area(S1) |
A Densclas J: j: Area(Nl).
Densmap D Area(Si)
> Area(Ni)

Wi = §bo m3gwoi 803390490 9g3b Lbgosalibgs
3965993 9935 (359 POMNMEMYA0S, BIMHMOJOOL
IHOHO M)

Densclas = 390g®ob LodFoMmMmzgg 356539 ©35D9.
Densmap = dgfhgyemols bodFoMmgg A0S MM 35%9.
Area(Si) = 39moGm®mos, O™Ageois dmoiogl 39fHygdu,
396539 Mo ©9)30L 9MM-9Mm J3eobHY.

Area(Ni) = 96H0-9mH0 356053930 630l LoghHM
OOMMOO.
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Bivariate statistical analysis

Landslide occurrence map Parameter maps ‘Weight maps

For tother types the process is repeated Selection of relevant factors for the Resulting from step3
Only 1landslide type is analyzed at the time  predictionof landslides should be
made first. Only same aw shown.

[Fivals with Iandides: 253 Slope length | [ Weignt: Slope lengtn
[Total p:ls inmap: 1853 = Slope convexity | ‘Weight: Slope convexity
- 1 Y Slope direction l ‘Weight: Slope direction
1 % ® Y Distance to roads ‘Weight: Distance to roads
) Distance to streams Weight: Distance to streams
Landslide density: 0.1365 Lithology Weight: Lithology

Slope classes ‘Weight: Slope classes

‘Weight: Geomorphology
‘Weight: Distance to faults
Weight: Landuse [[}+0.381

Geomorphology
Distance to faults
Landuse

2 b Overlay of the first factor

-~ map and the landslide map. =]
Calculation of landslide
densities for each ¢lass and
the overall landslide density
in the entire map.«  , «

L anchise[S1idd Npix|Densclas

Bare |Yes[200 |0.2000
Bare [No (300 [0.2000
Grass [Yes| 3 |0.0099
Grass [No [300 |0.0099
Shrubs(Yes|50 |0.0909
ShrubsNo (500 [0.0909

v

2. Caleulate a weight value
for each class in the first
factor map using :
- -information values, ors
-aweights of evidence, or /
- certainty factors
. The landslide density in a 5
" - class is related to the overall ~
lgndslide density ix} the map

Distance to faults- [

3. Rec assify the factor map
with the weight values stored
* in the table.
Repeat the procedure 110 3, *
“ for all factor maps .~ -~ =}

L Landuse
Class  Weight

Bare - | 10381
Grass | -2.620
Shrubs | -0.406

Y

4. Combine all weight maps
. into a single map using certain
combination rules.

Parameter tables T

i,

Hazard scores
+6.437 ¢

5..Rcclassify the hazard
scores into 3 classes: high,
moderate and low hazard ~ * .

.High
A .Moderatr:
[ i

- ; 6. Overlay hazard map with
100 % landslide map & calculate
landslide density for the three
classes. Adjust boyndaries *
until the result is correct.

-9.531

50 %- 4 !

Sampling units

Fither pixels, dope units, or
e comdsern py e

Multivariate statistical analysis

Landslide occurrence map Parameter maps
Selactaors of relavamit factors for the
predchon of Jaddides shoudd be
nade firt. Orly sme we shown

For tther Lypes the process s
repested Only | lenddide type is
anlyzed 81 &2 time

In GIS the lmdslide map and the factor
maps ae crossed with the sampling um!ts,
50 that for each unit the presence/absence is
1ndicated Kesult 12 stored 1n a matny

Martrix
Realtingfrom mop overlayinGIS
0 Vunbks
Swmple lm"v Dutancs o wadLangeie sy %‘_ 3! By
-t 2% (> 20 mire b oot e B« 8 65> Sdog]
1 1 1 o | oL {a fo]a 1
2 o [ 1. jojo |1 o |1]|o 0
3 1 1 o (81 |0 ¢ o 0 0
1 1 ] 1 I 10 1 1 1 n )
5 0 1 o (rje o]l 17l 0
6 1 1 o 0 0 |0 0 0 0 1
: g ] 1 ‘l’ 0o 0 |10 1
1 n 1 in o 1
9 U] 0 1 (1 |0 8 (] ? 3 1
10 0 0 [ 0 o 6 T 1 {1le 1
¥

The matrix 15 exported to a statisnical package for
multivanate analyns ( multiple regresnca . disen-

mmant analyns)

Display of hazard score for each smnphng vat

Hazard scores ¢

High

Low ‘L

Clasafication
ke umidl
»
|
£
0 1

Oyerdanng hazard map with
landshde map to calcalate
landshids densities in clacses
Adpustment of bouadanes
untill correct




dg¥go9mo 1Lsdodmmgdol G
by gohog@ols dgb

LS WV BT € an Associated Institution of the

N
Oné Hepe Sar /l | UNITED NATIONS
7S UNIVERSITY

ITC



53382930 OIN0OMM0S

Kabardino-Balkaria

North Ossetia-Alania
! oU=s Dage

Chechnya

o Kutaisi

Georgia

Tiflis
iKhelvachauri . 7 ! L,
. Rustavi 5 Rustavi Q\

Batumi C

Ardahan

R

"l godmmdo: 97.5 3F

ngdo: 5

| bevggeoo: 30

dobsbangmods:

BT € an Associated Institution of the

Ty PI | UNITED NATIONS
7S UNIVERSITY



Engineering-
geological Geomorphology
map

Landslide
inventory

Topogra-
phic map

DEM
(Slope/Aspect)

|
Lithology Soil depth

Landslide assessment
(Statistical Method)

v

Landslide susceptabiliy
map

|

v

Physical Vulnerability
Assessment

Building
numbers
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: Area(S1) \
W, = Densclas i Area(Nl).
Densmap > Area(Si)
é > Area(Ni) J
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Topographi

Contour

Creating Susceptibility and Vulnerability

* Slope Table

Active Table Map

cal map interpolation
v v
Digitizing DTM/DEM
(ArcGIS)
Contour Filter
Line (DX, '_:)Y
operation)
v
Create Segment SLOPEDE
map (ILWIS) G
v
Contour
with Z
value
ITC

;

Crossing parameter

)

1.Calculate active slope class area
2.Calculate total area in each slope area
--------------------- 3.Calculate area with active landslide
4.Calculate total area

5.Calcuate total area with landslide

. Actslope Table

|

Calculating landslide

1.Calculate total area
2.Calculate area with active landslide
3.Calculate landslide density

. density
. v . . .
. ————»{ Calculating Weight Ma
. Landslide . HIEITE s
: density Table . i
. i Slope weight
. : - Weight Map Aspect weight
: Calculating Weight | . : Lithology weight
: value i Soil depth weight
: i Geomorphology weight
Combine Weight Map ¢ « « + + « « Landuse weight
: Slope_cl l
. Susceptibility Number of

Map Buildings

.

| |
v

Crossing parameter

* Repeating the procedure to aspect,
lithology, soil depth, geomorphology, and
landuse data

Vulnerability
(High, Moderate,
Low Hazard)
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LANDSLIDE SUSCEPTIBILITY MAP
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4602485
7148h3

do@agno:

1.1 ~ 22

Lbodygogom: -4 ~ 1.1

T ] I 7 182416302485
Scale bar
0 5000

HAZARD Area(sq. km) %
lowy hazard 180 1584
moderate hazard 518 372
high hazard 270 284
Total area 7.5 100
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