Exercise. Landslide susceptibility
assessment using statistical method

Input data

Activel:=iff(((Activity="a")or(Activity="r"))and(Pa rt="s"),1,0) ——» 109
landslides fulfill this criteria

Raster map Activel (with value 1,0,?) . Rastap “Active (with value 1,0).

Step 3: Calculating weight values

In the table below you are able to see that thesalath more relations with landslides is “60-90”.

B Table "Slope_cI" - ILWIS — o] x|
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: Areaslopetot Areaslopeact |Areaslopeact aggregate| Densclass Dzlas WMeight :I
o- 5 4173424 3986 3986 0.0o010 0.0010 -2.7213
5 - 10 2723958 5521 5521 o.ao0z0 0.00z0 -2.0281
10 - 15 1952714 10554 10554 0.0058 0.0058 -0,9985
15 - Z0 1502075 13786 137586 0,009z 0.0092 -0,50:21
Z0 - 25 1086549 24235 Z4Z35 0.0223 0.0223 0.3833
25 - 30 554335 28254 28254 0.0331 0.0331 0,778z
30 - 40 1073296 E5408 E5408 0.0516 0.0516 1.2222
40 - 50 450340 43058 43058 o,a957 0.0957 1.8399
50 - B0 147443 223486 22346 0.1516 0.1516 2.3000
60 - 90 355866 5938 5938 0.1656 0.1656 (2.3883>LI
Kl i
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Step 4: Creating the weight maps

Here is described how evaluate the weight of ttheliogy. The procedure is the same used for the
slope.

¢ Select from the main ILWIS menu the options: Operations, Raster operations,
Cross.

e Select the map lithology as the first map, the map Active as the second
map, and call the output table Actlithology. (Ignore the undefined values
has no effects, as both maps don’t have undefined values). Now the crossing
of the two maps takes place.

¢ Type the following formulas:
AreaAct=iff(Active=1,area,0)

e Select from the table menu: Columns, Aggregation.
Select the column: Area. Select the function Sum. Select group by column
lithology. Deselect the box Output Table, and enter the output column
Arealithtot. Press OK. Select a precision of 1.0.

e Again select from the table menu: Column, Aggregation.
Select the column: AreaAct, Select the function Sum, select Group by
column lithology. Deselect the box Output Table, and enter the output
column: Arealithact. Press OK. Select a precision of 1.0.

e Again select from the table menu: Columns, Aggregation.
Select the column: Area. Select the function Sum. Deselect the box group
by. Deselect the box Output table, and enter the output column:
Areamaptot. Press OK. Select a precision of 1.0.

¢ Now the same for the total active area in the map. Go to Columns,
aggregations, and select the column AreaAct. Use the sum function and
deselect the box “group by”. Call the new column Areamapact.




Now we have to evaluate the weight for each class.

e Create a table litho_cl for the domain lithology. (In the main window of ILWIS
go to File, create, table. See the image on the left).

. Select Columns, Join. Select table Actlithology. Select column: Area. Select
function Sum. Select group by column: lithology. Select output column
Arealithtot. Press OK.

e Step 2: Calculate the area with active landslides in each slope class.
Select Columns, Join. Select table: Actlithology. Select column AreaAct.
Select function Sum. Select output column Arealithoact. Press OK.

e Step 3: With both columns, you can calculate the landslide density in each class
with the formula:

Densclas:=Arealithoact/Arealithotot
Select a precision of 0.0001.

* There are some classes with a density of 0. To adjust type the following
formula:

Dclas:=iff(Densclas=0,0.0001,Densclas)
e The final weight can now be calculated with the formula:
Weight:=In(Dclas/0.0152)

e Check the resulting weights in the table. Which lithology classes have the most
important relation with landslides?

Now you can create the attribute map from the weight of the lithology and then
combined with the Weight map of the slope.

@i Attribute Map of Raster Map &

asertten S ks = « Select from the main ILWIS menu: Operations, Raster
- o LR = operations, Attribute map. Select raster map lithology,
o = table litho_cl. Select attribute Weight. Select output
Dulput Rester Map [wiihogs ‘ raster map WIlithology. Press OK. (See the image on the
Domain lﬁﬂ Ieft).

e Fansz * The weights for the two maps can be added with the

Precisiof

Description:

formula:
| Weightl1=Wslope_cl+WLithology

e Display the map Weightl and use the pixel information
i Defne | Concel | Hep window in order to read the information from the maps
Slope_cl, Wslopecl, Lithology, WLithology and
Weightl. (See below).
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Step 6: Combining the weights in a final susceptibility
map

F1 Histogram "total_weight” - TableHistogram{total_weight.mpr) - ILWIS =IO x|
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@ value npix APIRPET POCAOTURD| NpiXCUl  |Apoumpot Area B
1 -24.0160 34510)  0.25 0.25 34510 0.25 3a510/—
B -23.3228 6 0.0 0.00 34816 0.25 6
160000+ 3 -23.2634 2058 0.01 0.01 36874 0.26 2058
4 -23.2482 15520/  0.11 0.11 52354 0.37 15520
5 -23.1497 15107 0.11 0.11 67501 0.48 15107
140000+ 3 -22.5550 3 o.o0 0.00 67504 0.45 El
7 -22.4956 5798|  0.04 0.04 73302 0.52 5798
4200004 & -22.4565 z  o0.o0 0.00 73304 0.5z H
a -22.4515 43918 0.31 0.31 117222 0.8% 43918
o io -22.4485 123683 0.38 0.83 240575 1.72 123653
% 1000004 11 -22.3971 5293 0.04 0.04 246168 1.76 5293
f iz -22.3408 101386 0.72 0.72 347554 z.45 101386
- 13 -22.2547 s41|  0.00 0.00 348095 2.49 541
% 80000+ 1% -22.1166 69874 0.50 0.50 417969 2.99 69874
5 is -21.8709 112074|  0.80 0.80 530043 3.79 112074
= 3 -21.7583 18| 0.00 0.00 530061 3.79 18
60000+ 17 -21.7553 z 0.00 0.00 530063 3.79 2
18 -21.7531 864 0.01 0.01 530927 3.79 864
e} -21.6989 10245  0.07 0.07 541172 3.87 10245
40000- 20 -21.6959 17982 0.13 0.13 559154 3.99 17982
21 -21.6476 6 o0.o0 0.00 559160 EREE] [
o000 22 -21.5882 15485  0.11 0.11 574645 4.10 15485 »|
Hin -24.0160 i o.o0 0.00 34810 0.25 1=
5 Hax 5.8142 171552 1.23 1.23| 13999987 100.00 171552
Avg -4.5366 1678  0.01 0.01] 7548267  53.92 1679
A w8 \;;IDue 5 g § SED 5.4889 6096 0.04 0.04 3514610 25.10 sngs}
Hum | -37830.4203 13985887| 96.40 26.40 13999961F|
< »
Mean=-5.83 Std.Dev=6.95 -
Median=-4.4z64 Pred=-1.8136 (171552)
[Undef count=13 (0.00%)
0.0% int= -24.0160: 5.8142 0.5% int= -22.5550: 4.4553
1.0% int= -22.4515: 4.2241 2.0% inc= -22.3971: 3.7706
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For experienced ILWIS users:

We are going to
assume that for the
areas classified as
“low_hazard”, but
affected by landslides
in the past, the hazard
could be moderate.

Try to include the old landslide in the hazard map.
&

e Create an attribute map of the Old scarp of the landslide. In the table
landslide_id type the following formula:
old:=iff((Activity="Stable")and(Part="Scarp"),1,0)

* Now create an attribute map of Old. Go to operations, raster
operations, attribute map, and select in the raster map landslide_id,
in the attribute table landslide_id, and the column Old. See the
image on the left.

* Now we want to assign the value “0” for the area undefined.

In the command line of ILWIS type the following formula:
Old: =iff(isundef(Old_scarp),0,0ld_scarp)

e The last step is combining the information of the old scarp with the

hazard map. Type the formula:
Final:=iff((Old=1)and(Hazard="low_hazard"),"moderate_hazard",
Hazard)

Another method more rigorous is to consider from the beginning also the old
landslide (when you evaluate the density of landslide per class and in the total
area). You can do that directly in the script.




Step 7: Calculating success rate.

The graph of success rate should have this aspect.

More explanation is needed how the script works

c [ D [ F | [ o [ w [ v | wm [ n ]
|1
12 |
EX [Percertmap]Percertlandslide |
4 99.75 100
5 | 99 75 100 percent map ¥ percent landslide
|6 | 99.74 100
|7 | 99.63 100 100
|8 | 99.52 100 90
19 | 99.52 100 a0
110 | 99.48 100
111 59.45 oo | & 70
112 | 99.16 100 2 60
14 98.24 100 = landslide
e | 2 40
115 | 97.52 100 =4
|16 | 97 51 100 2 304
117 | 97.01 100 20
|18 | 96.21 100 10
119 | 96.21 100
20 56,21 100 v
121 | 05.21 100 1} 20 40 60 a0 100
|22 | 96.13 100 percent map
123 | 96.01 100
124 | 96.01 100
125 | 959 100
|26 | 95.67 100
127 | 95.66 100




