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1. INTTRODUCTION

Damage caused by meteorologicaland hydrological extreme events depends on many
factors,not only on hazard but alsoon exposureandvulnerability

Point pattern analysis will help us understand damage spatial distribution. As a first
approach,severalstepsof point pattern analysiswere appliedto the damagetime seriesof
the Swisdlood andlandslidedatabasgperiod19722009).

With this analysis wwvill contribute knowledgeo answer some questions such as:
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2. DATABASE

TheWSLSwissflood and landslidedamagedatabase(period 19722009 hasbeenused(Hilker

2009. Information available date, canton, municipality, estimated damage costs (in Swiss

Francs)coordinates,processtype (flood/debrisflow, landslide,rock fall since2002), triggering
weatherconditionsandother complementaryinformation.

Data selection

U Themost severedamagepoints. severe(S),very severe(VS)and catastrophic(K)*
(Inflation calculatedto 2016) in orderto ensureonly remarkableeventsare selected

3. HYROFHESAND @OBIECTHVE

U Hypothesis the observedpattern of damagedeviatesfrom a random pattern.

To reach a better understandingof damagedistribution, its spatial pattern and
underlyingprocessesthe spatialdependencybetween damagelocationscan be
Investigatedby point pattern analysis

If our data consistsof point data, it canfollow thesepatterns(Pueyq 2016): .

w (Spatstatlibrary has been used
w A LIEKSest Q BPueyq 2019

Clusteredrandomor regularpattern?

N = Number of point:
A = studied area
r =distance

Numberof neighbourpointsat a distancer: clustered>random>regular
Point densityl =N/A wA LX SeéQa Y 3JdzyOGA2YyYY YO N
In a random pattern: N(n# A 4 K(r)=or?; Clustered: K(r)or?; Regular: K(r)st?

U Onlyflood/debrisflow andlandslideprocessegnot rockfall, asit hasnot the whole
period)

IEv(r): aaku

Average number of neighboynoints Iil
i=1 ji

U Does the location of the damage presentlastered aregularor arandom pattern?

U Is there adifferent spatial distributiondepending on thdype of processseasonor U Damageaeferredto awhole cantonhasnot beenselected K()=N(/ | _ AN ) |
triggering weather condition8 . - S — “Reguiar : “Rar; do;n PP e—— IE(r) = I\I2a a kij u If t_he a}ver_agenumberof nelg_hbo_ur
U Is there arelation between the damage points and one or more covariatesich as the Classification P P | =N/A i=1 j,i points is higherthan random, it will

pattern pattern

- SevergS) 2-20 million CHF
- VerySevergVS) 20-100million CHF
- CatastrophidK) >100million CHF

611 selected points iIndicatea clusteredpattern

elevation, land use, etc.? _
Patterns reflecunderlying processes ) : e . : . :
U L-test is a modification of Ktest in { Ftest estimatesthe empty space

whichthe theoreticalrandomcurveis function betweenthe points.
transformedinto a straightline.

5.3. TRIGGERINGEWEATHERICONDITIONS

Triggering weather conditions of damage points Triggering weather conditions of damage points
in Spring (1972009) in Summer (1972009)

However statistical results must always be interpreted with geographical knowledge of the
territory.

5. RESUIST S
5.1. UNIVARIATECROINT PATTERN ANALY SES

U Objective we will analysedamagespatial pattern.

9.2.3. PFROCESSFTYREBYSEASON

Are both processype points aggregated between them in all seasons?

5.2. BIWARIAT ECROINATPATT ERNUANALY SIS Analysis of two different types of points

Bivariate L function

E

Are damagessegregatedlepending on procesype? flood/debris flow vslandslide)

Flood/debris flow vsLandslide Flood/debris flow damage points (1972009) Landslide damage points (1972009)

If the observed data (black line) is above the theoretical random (red line) and

All selected pointanalysed (611) r?;sr?azgi elljr?;rl];[/slegc? ttern 82 the confidence banodf 99 randon*simulati(.)n.s, it.wi.II suggest Fhat the point§
FloodiDebris flow and Landslide damage points (1972:2009) £ Il e @ of both process types are clustered. If it is within the confidence band, it
- ' suggests that the distribution of the points of both processes are not linked
2 regglar?’) % : (random distribution).
random” "

Flood/debris flow vs. Landslide (Spring) Flood/debris flow vs. Landslide (Summer)

— Observed data (black line) is clearly ab
™ the theoretical model (red line), with a ocess_t
IO confidence band of 99 random simulatic River courses in all regions Influence of lithology: Swiss molasses and till
CLUSTERED i o
Suggests aaggregation between
landslide andfluvial processes

At first glance, iseemsto
follow a clusteredpattern

&

Toprovethis, point
pattern tests have been
carriedout

Process_type
@ Flood/debris flow

Process_type
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Triggering weather conditions of damage points Triggering weather conditions of damage points
in Autumn (19722009) In Winter (19722009)

wige (F)f T =1
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The spatial distribution of damages depends on seasons?

‘.'I K Flood...Detris.flow | La,
0.10

‘.'I K Flood...Detris.flow , Land
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Spring damage points (1972009) Summer damage points (1972009)

wA LIKSe8tQ & Comparison of each season vs. th

others, the most remarkable result:
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The observed data
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is above the R g %
] ) theoretical model = Springvs. Autumn e . 2 4 = RANDOM CLUSTERED
S O Observed value Q ) 3.° Suggests thaflood/debris flow and Suggests thaflood/debris flow and
s | K with a confidence (A y o SRR 99 oW an gge _
- » ° landslideare not connected in spring landslideare connected in summer
] — Theoretical mode SEE) @F £ rEneem 0
g | ——= l | | | | simulations % SPR SuM Flood/debris flow vs. Landslide (Autumn)  Flood/debris flow vs. Landslide (Winter) A Longlasting rainfall and thunderstorm prevail in summerand autumn, which could
o a 2 . . a O : ¥ e Piadiostiatin s i [ ] be linked to the fact that in these seasonsflood/debris flow and landslidedamage
v CLUSTERED 2 Damages at Swiss Plateau and lowlands ™" Damages in all regions o Landeice i P c pointsare clustered(5.2.3).
L-test PATTERN Mo} Autumn damage points (1972009) Winter damage points (197-2009) § - I A Thunderstorm has a strong relevance in summer, as expected from convective

00

rainfall.

In autumn, long-lasting rainfall prevails,when advective Mediterraneaninfluenced
eventstake place

In spring and winter there is a wider variety of triggering weather conditions In
springsnowmeltand rainfall provide important dischargego the largelakessuchas
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Damages ircentral Alps and southern slopes

5.4 COVARIATEVANALY SISYELEVATION

Extraction of the elevation value for eaphint: is the elevation different depending on process type and season?

: ) Western slope of Swiss Alps
simulations (grey)

6. CONCLUSIONS

A Forthe Swissflood and landslidedamagedatabasefirst steps A
of point pattern analysishavebeencarriedout usingw Chldrary

Additional test: Ftest
. F values below the

_thg_orettictil rtnodelt Eyolorat - et o T o Mo byt e Tl Landslide damage points occur general at spatstat
Theoretical modet—" —=====| indicate that em xploratory analysigrequency distribution of elevatiorfor flood / debrisflow andlandslidein each season - - - , L L |
RSt PYY i Y GEEREREE higher altitude thanflood/debris flow A Theunivariateanalysisconfirmsthat damagepoints presenta

A T T Fa(r)
. . spaces between )
;,f'___f,;.,--}';’ - p Kernel density of elevation in Spring Kernel density of elevation in Summer Kernel density of elevation in Autumn Kernel density of elevation in Winter Clustered pa‘ttern Wthh Could be Ilnked to prevalence Of A

" Observed points are smaller !

Triggering weather conditions point to a prevalence of
thunderstorms in summer, and also long-lasting rainfall in
summerand autumn In winter and spring,triggeringweather
conditionsare more diverse

Elevationanalysisconfirm that in general,flood damagesake

F(r)

(blue: Flood / Debris flow; red: Landslide) (blue: Flood / Debris flow; red: Landslide) (blue: Flood / Debris flow; red: Landslide) (blue: Flood / Debris flow; red: Landslide)

_ otes | :i()r) than in a random g ] ; damages near watercourses, rainfall distribution, terrain, placeat lower altitude thanlandslide
S 1. | | | | . . process - E lithology, and damage potential (settlements and A In spring flood damagesoccur mostly around 400 m.a.s.l.,
000 002 004 006 008 010 012 . ; $ : Infrastructure),amongstothers. while in summerare around500m.a.s.l.
0 ltalsosuggestsa = £ i s i A Bivariate analysis suggests an aggregation between A Inspringflood andlandslideR 2 y&€kinrelatedat all.
SLOSIISNED flood/debris flow and landslidein summerand autumn, but A Most of landslidedamageoccursaround1000m.a.s.l.
A VIERIN 2 not in spring and winter, when the distribution of both A Futurework will be aimedat wideningthis first approachuntil

- .

POSSIbIe Causes for the C|UStered pattern: 500 1000 1500 [ll 5[|JO 10|OO 15|00 20|OO 25|00 [ll 5[|JO 10|OO 15|OO 20|OO [; 5[|JO 10|OO 15|00 20|OO A
- Prevalenceof damages near watercourses m.a.s.l. m.a.s.l. m.a.s.l. m.a.s.l.
Rainfall distribution

presentday,andalsoat addingmore covariatedo the analysis

0.000

processesre not linked
Seasonamapsshowcontrasteddistributions,with remarkably
segregateatternsin springvs. autumn.
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In autumn flood damage occurs at a
wider range of elevations and shows
two peaks(at ~300m a.s.l. and ~ 1500
m a.s.l.). Landslidedamageoccursalso
at lower altitudes, but with a maximum
~1000m a.s.l.

In winter flood damageR 2 S ko &
remarkable peak It occurs at a wide
range of elevations,with a maximumat
~ 600 m a.sl. Landslidedamagepoints
occur at a lower elevation (~ 800 m
a.s.l.) thanduringautumn.

In spring there is a very remarkable

Terrain - | | peakof flood damagesat ~ 400 m a.s..
Damage potential in certain locations Despite the high number, landslides
Database causes (if the exact location is unknown, the coordinates g 2 y engw any peak and are not

are assigned to the center of municipality) relatedto flood points.

In summerthere is aremarkablepeakof
flood damagesat ~ 500 m a.sl. and a
small peak at ~ 1400 m. Landslides
dominateat ~ 900 m a.s.l. Thereseems
to be alink betweenboth processes



