Modelling Exposure Through Earth Observation Routines
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Funded by UK Space Agency

Aims to develop innovative application of Earth
Observation (EO) technologies to improve understanding
of exposure

Specific focus on pilot countries Nepal and Tanzania
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Modelling tool

ArcGIS v.10.3 € ArcMap ¢ ModelBuilder @gcselg

. o .. |*Clip tostud d add field =
ModelBuilder ¢ application used to create, €dit, [ e e o wir o e

and manage models ST NS R AR R R AR R R AR

+ easy-to-use for creating and running workflows
containing a sequence of tools

+ can be used to create new tools

+ tools created with ModelBuilder can be used in
Python scripting and other models

+ integration of ArcGIS with other applications

using ModelBuilder and scripting el - 103|-||’;|-
rcMap10.3 Help
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ModelBuilder input data workflow

Frequency A. Function for continuous-scaled variables:

Predisposing : . 2
factors F\}vaetilgthE fv(eij,v) = exp ’— (lel]'v e::)l - 0'8326) ]

w = parameter that controls the shape of the curve;
W = €521~ @ls05
Definition of Function

rule sets parameters

B. Function for categorical variables:
Wiy lfeijiv =0y
f (e__ ) _ ) Way feij,v =Gy
V) T .

Fuzzy
mcfa__mbe_rship Wiy feij,v = Oy
unction
Zhu et al., 2008, 2014
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Example A: Fuzzy membership function for
slope gradient

Rule set definition:

Susceptibility is at maximum for
slopes btw 15° and 35°; as the
slope decreases below 15° and
increases above 35°, respectively,
susceptibility decreases at
different rates

Bell Shaped

Function type: 10
Bell-shaped

Degrees
e 79.9142

_0

Slope (°)
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15-20
20=35
35-45
>45

Bell (optimal 15-35)
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Example A: Fuzzy membership function for slope gradient

Function parameters Function (split in two)
. Right.side: w =25-45 L g =25
e Left side:w=25-15 fSqr Y ti= % 1% - 251 x 0.8326 2
exp 4 m ~50 2]
* S=1when Sg=15°-35°
* S =0.5when Sg 2 45° (for right L=
side of curve) fge W A= op o A% - ngx 08326
* S =0.5when Sg < 15° (for left
side of curve)
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Example A: Model diagram and elements

Model processes n = 14
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Example A: Model Tool Dialog and Fuzzy slope map

;W SlopeR - O s

utm4snslope_c ~

I utmd5nslope_c LI

%, Raster Calculator (14) bl

Map Algebra expression ~

Layers and variables - Conditional —  »

&% slope_15_35>
“ utm45nslope_c
& slope_15_35¢
ﬂ slope_35

&5 function_1a

ﬁ function_le v
< >

Con
Pick
Sethull
Math
Abs
Exp

Samin

“ehslope_15_35g%" + "%%function_1g%" + “%function_2g%" ‘

Qutput raster
| C:\Users\agh\Documents\METEOR \FuzzyOutput. gdb\fuzzy_SlopeR |

<WALUE>
0 - 0.109803922
[0.109803922 - 0.333333333
[10.333333333 - 0.592156863
[10.592156863 - 0.839215686
[10.839215686 - 1

ok || concel || apply || ShowHep s>

Oxford Policy
m Management

/ﬁ??\ British “- k@/.u
https://meteor-project.oRfos) Sirvey el GEM ImageCat




Example B: Fuzzy membership function for
lithology

Rule set definition:

The competent fractured/tectonised
rocks and mixed lithologies typically
foliated, bedded and prone to
weathering are most susceptible;
Mid-Miocene Pleistocene Siwalik
group is moderately susceptible; the
Himal Group — Gneiss and
Quaternary are least susceptible

Function type: n/a (categorical
variable)
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[ Mid-Miocene Pleistocene Siwaliks
Limestones, quartzites, granite gneiss
Shales, slates, limestone and quartzites, phylites, schists

[ Cretaceous-Eocence shales and sandstones

[0 Himal Group- Gneiss

Quaternary
Factor BGS Weight
Classesv2 | (rainfall)
1 0.4
2 1
0.9
ICIMOD
Geology 4 0.8
5 0.1
6 0.2
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Example B: Fuzzy membership function for lithology

Function parameters

* S=1,when Gclass =2

S=0.9, whenGclass =3
S =0.8, when G class =4
S =0.4, when Gclass = 1
S =0.2, when G class =6
S=0.1,when Gclass =5
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Example B:

Model diagram and elements  Fuzzy lithology map

“
Raster
Calculator (6)

“

Raster
Calculator

= “

Raster Raster
Calculator (5) Calculator (2)

“
Raster

[ 0.100000002
Calculator (3)

[ 0.100000002 - 0.198823531
[10.198823531 - 0.400000001
[10.400000001 - 0.79882353
[ 0.79882353 - 0897647059
[ 0.897647059 - 1

=

Raster
Calculator (4)
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Model diagram and resulting susceptibility map

Rt Carcumaion ~

Map Algebra expression

Layers and varizbles ~ Conditional — A
€ fuzzy_SlapeR. Con
& fuzzy_AspeciR Pick
&5 fuzzy _LithologyR Sethull

Y
€9 fuzzy DFR Math f R .
&5 furzy_DOR abs Landslide Susceptibility (Rainfall)
”

v
& fuzzy LC Exp CLASS
3 2 Cumitn e
- Very low

("%fuzzy_SlopeR %" = 0.32) + ("%bfuzzy_AspectRt%" ¥ 0.08) + ("Yfuzzy_LithologyR %" *0.32) +
("%fuzzy_DFR%" *0.08) + ("%fuzzy_DDR%" *0.1) + ("%fuzay_LC%" *0.02) +("%fuzzy_AMR%" *0.08) :l Low

l:l Medium

fcu:uwmi:’w ETEOR FuzzyOutput.gob suek | &l [ High - — m— Kilometers
B e ioh 0 25 50 100 150 200
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Model diagram and resulting hazard map

=3

Raster
Calculator

#, Raster Calculator x

Map Algebra expression

Layers and variables ~ Conditional — A

@5 hazardmaprc Con
€ hazardeQ Pick
Bsusk setull
£ extremeRain Math . .
BsusEq abs Landslide hazard (Rainfall)
> hazardEQ2 v B CLASS
< > Eunin &2

:l Very low
“ShsusR %" * FeextremeRain%" | :l

Low

I:l Medium
Output raster j
[ e:\sers\aghiPocuments WETEOR FuzzyOutput.gdb hazardr | @ - High

B very high
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