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5. RESULTS 

1. INTRODUCTION 

Damage caused by meteorological and hydrological extreme events depends on many 
factors, not only on hazard, but also on exposure and vulnerability.  
 
Point pattern analysis will help us understand damage spatial distribution. As a first 
approach, several steps of point pattern analysis were applied to the damage time series of 
the Swiss flood and landslide database (period 1972-2009). 
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2. DATABASE 
The WSL Swiss flood and landslide damage database (period 1972-2009) has been used (Hilker, 
2009). Information available: date, canton, municipality, estimated damage costs (in Swiss 
Francs), coordinates, process type (flood/debris flow,  landslide, rock fall since 2002), triggering 
weather conditions and other complementary information.  
 
 

3. HYPOTHESIS AND OBJECTIVE  

If our data consists of point data, it can follow these patterns (Pueyo, 2016): . 

  

Patterns reflect underlying processes 

Clustered Regular Random Univariate point  
pattern 

Bivariate point 
pattern 

With this analysis we will contribute knowledge to answer some questions such as: 
 
ü  Does the location of the damage present a clustered, a regular or a random pattern? 
ü Is there a different spatial distribution depending on the type of process, season or 

triggering weather conditions? 
ü Is there a relation between the damage points and one or more covariates, such as the 

elevation, land use, etc.? 
 

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

*Classification: 
- Severe (S): 2-20  million CHF 
- Very Severe (VS): 20-100 million CHF 
- Catastrophic (K): >100 million CHF 

5.1. UNIVARIATE POINT PATTERN ANALYSIS 

5.2. BIVARIATE POINT PATTERN ANALYSIS 

wƛǇƭŜȅΩǎ K-test 

CLUSTERED 
PATTERN 

Possible causes for the clustered pattern: 
- Prevalence of damages near watercourses 
- Rainfall distribution 
- Terrain 
- Damage potential in certain locations 
- Database causes (if the exact location is unknown, the coordinates 

are assigned to the center of municipality) 

All selected points analysed (611) 
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To prove this, point 
pattern tests have been 

carried out  

ü The most severe damage points: severe (S), very severe (VS) and catastrophic (K)* 
(Inflation calculated to 2016) in order to ensure only remarkable events are selected 

üOnly flood/debris flow and landslide processes (not rock fall, as it has not the whole 
period) 

ü Damage referred to a whole canton has not been selected 
 

At first glance, it seems to 
follow a clustered pattern 

Are damages segregated depending on process type? (flood/debris flow vs. landslide) 

The spatial distribution of damages depends on seasons? 

Are both process type points aggregated between them in all seasons?  

5.4 COVARIATE ANALYSIS: ELEVATION 
Extraction of the elevation value for each point: is the elevation different depending on process type and season?  

Exploratory analysis: frequency distribution of elevation for flood / debris flow and landslide in each season   

wΩǎ spatstat library has been used 

5.2.3. PROCESS TYPE BY SEASON 

Additional test: F-test 

611 selected points 

Western slope of Swiss Alps 

ü L-test is a modification of K-test in 
which the theoretical random curve is 
transformed into a straight line.   

Clustered, random or regular pattern? 

Number of neighbour points at a distance r: clustered>random>regular      

wƛǇƭŜȅΩǎ K-test 
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(Pueyo, 2016) 

ü If the average number of neighbour 
points is higher than random, it will 
indicate a clustered pattern   

ü Hypothesis: the observed pattern of damage deviates from a random pattern. 

It also suggests a 

CLUSTERED 
PATTERN 

F values below the 
theoretical model 
indicate that empty 
spaces between 
points are smaller 
than in a random 
process 

5.3. TRIGGERING WEATHER CONDITIONS 

Landslide damage points occur in general at 
higher altitude than flood/debris flow 

6. CONCLUSIONS 

Suggests an aggregation between 
landslide and fluvial processes  

Completely different damage point 
distribution in spring vs. autumn 

Bivariate L function 

Observed data (black line) is clearly above 
the theoretical model (red line), with a 

confidence band of 99 random simulations 

CLUSTERED 

Observed data (black line) is clearly below 
the theoretical model (red line), with a 

confidence band of 99 random simulations 

SEGREGATED 

Comparison of each season vs. the 
others, the most remarkable result: 

RANDOM 
Suggests that flood/debris flow and 
landslide are not connected in spring 

CLUSTERED 
Suggests that flood/debris flow and 
landslide are connected in summer 

CLUSTERED 
Suggests that flood/debris flow and 
landslide are connected in autumn 

If the observed data (black line) is above the theoretical random (red line) and 
the confidence band of 99 random simulations, it will suggest that the points 

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 

(random distribution). 

RANDOM 
Suggests that flood/debris flow and 

landslide are not connected in winter 
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4. METHODOLOGY 

Point density: l = N/A wƛǇƭŜȅΩǎ Y ŦǳƴŎǘƛƻƴΥ YόǊύҐbόǊ)/l 

In a random pattern: N(r)= l A Ą K(r)=pr2; Clustered: K(r)>pr2; Regular: K(r)<pr2 

N = Number of points 
A = studied area 

Data selection 

 The observed data 
is above the 
theoretical model 
with a confidence 
band  of 99 random 
simulations 

L-test 

Damage point pattern 
has been analysed:  
Á clustered? 
Á regular? 
Á random?  

 The observed data 
is also above the 
theoretical random 
model with a 
confidence band  of 
99 random 
simulations (grey) 

Analysis of two different types of points 

Á Long-lasting rainfall and thunderstorm prevail in summer and autumn, which could 
be linked to the fact that in these seasons flood/debris flow and landslide damage 
points are clustered (5.2.3).  

Á Thunderstorm has a strong relevance in summer, as expected from convective 
rainfall.  

Á In autumn, long-lasting rainfall prevails, when advective Mediterranean influenced 
events take place.    

Á In spring and winter there is a wider variety of triggering weather conditions. In 
spring snowmelt and rainfall provide important discharges to the large lakes such as 
Lake Constance, Thun and Vierwaldstättersee. The retention of inflows during longer 
episodes generates high lake levels and produce higher discharges in the outflows 
and larger river systems such as the Rhine, Aare and Reuss. 

In spring there is a very remarkable 
peak of flood damages at ~ 400 m a.s.l. 
Despite the high number, landslides 
ŘƻƴΩǘ show any peak and are not 
related to flood points. 

 

In summer there is a remarkable peak of 
flood damages at ~ 500 m a.s.l. and a 
small peak at ~ 1400 m. Landslides 
dominate at ~ 900 m a.s.l. There seems 
to be a link between both processes. 

In autumn flood damage occurs at a 
wider range of elevations and shows 
two peaks (at ~ 300 m a.s.l. and ~ 1500 
m a.s.l.). Landslide damage occurs also 
at lower altitudes, but with a maximum         
~ 1000 m a.s.l.   

In winter flood damage ŘƻŜǎƴΩǘ show a 
remarkable peak. It occurs at a wide 
range of elevations, with a maximum at 
~ 600 m a.s.l. Landslide damage points 
occur at a lower elevation (~ 800 m 
a.s.l.) than during autumn. 

Á For the Swiss flood and landslide damage database first steps 
of point pattern analysis have been carried out using wΩǎ library 
spatstat. 

Á The univariate analysis confirms that damage points present a 
clustered pattern, which could be linked to prevalence of 
damages near watercourses, rainfall distribution, terrain, 
lithology, and damage potential (settlements and 
infrastructure), amongst others. 

Á Bivariate analysis suggests an aggregation between 
flood/debris flow and landslide in summer and autumn, but 
not in spring and winter, when the distribution of both 
processes are not linked.  

Á Seasonal maps show contrasted distributions, with remarkably 
segregated patterns in spring vs. autumn.  

Á Triggering weather conditions point to a prevalence of 
thunderstorms in summer, and also long-lasting rainfall in 
summer and autumn. In winter and spring, triggering weather 
conditions are more diverse. 

Á Elevation analysis confirm that in general, flood damages take 
place at lower altitude than landslide. 

Á In spring flood damages occur mostly around 400 m.a.s.l., 
while in summer are around 500 m.a.s.l. 

Á In spring flood and landslide ŘƻƴΩǘ seem related at all. 
ÁMost of landslide damage occurs around 1000 m.a.s.l. 
Á  Future work will be aimed at widening this first approach until 

present day, and also at adding more covariates to the analysis. 
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Flood/debris flow damage points (1972-2009) 

River courses in all regions  

Landslide damage points (1972-2009) 

Influence of lithology: Swiss molasses and till 

ü Objective: we will  analyse damage spatial pattern. 

To reach a better understanding of damage distribution, its spatial pattern and 
underlying processes, the spatial dependency between damage locations can be 
investigated by point pattern analysis. 
 

r = distance 

ü F-test estimates the empty space 
function between the points. 
 

Observed values 

Theoretical model 
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Flood/debris flow vs. Landslide (Spring) 

 r (º) 

Flood/debris flow vs. Landslide (Summer) 

 r (º) 

Flood/debris flow vs. Landslide (Autumn) 

 r (º) 

Flood/debris flow vs. Landslide (Winter) 

Damages at Swiss Plateau and lowlands 

Spring damage points (1972-2009) 

Damages in all regions 

Summer damage points (1972-2009) 

Damages in central Alps and southern slopes 

Autumn damage points (1972-2009) Winter damage points (1972-2009) 

Triggering weather conditions of damage points 
in Spring (1972-2009) 

Triggering weather conditions of damage points 
in Autumn (1972-2009) 

Triggering weather conditions of damage points 
in Summer (1972-2009) 

Triggering weather conditions of damage points 
in Winter (1972-2009) 

 r (º) 

Flood/debris flow vs. Landslide 

 r (º) 

Spring vs. Autumn 


