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Abstract. In Switzerland, floods, debris flows, landslides
and rockfalls cause damage every year affecting property
values, infrastructure, forestry and agriculture. As popula-
tion and settled areas have increased, the damage potential
has also become greater. Information about natural hazard
events that caused any damage is needed for hazard map-
ping and further decision making. This is why the Swiss
Federal Research Institute WSL has been systematically col-
lecting information on flood and mass movement damage in
a database since 1972. The estimated direct financial dam-
age as well as fatalities and injured people have been docu-
mented using press articles as the main source of informa-
tion. The database can provide answers to questions related
to the temporal and spatial distribution of damage, natural
hazard processes and the corresponding weather conditions.
This study describes the data collection methods used and
the key analyses of data from 1972 to 2007. Furthermore,
the benefits and drawbacks of the database are discussed. In
Switzerland, naturally triggered floods, debris flows, land-
slides and rockfalls have caused financial damage amounting
to nearly 8000 million Euros in total within the last 36 years
(taking inflation into account). These processes have mainly
affected pre– and central alpine regions and their total costs
of damage are dominated by a few major events. Nearly one
quarter of the costs result from August 2005 when large parts
of Northern Switzerland were affected by flooding. We must
assume that major events like this are not unique and that
similar events will occur again in future.

1 Introduction

Each year, natural hazard events such as floods and landslides
cause considerable financial damage to society. In Europe
there have been several major events in the last few years.
Floods in the catchment areas of the Elbe and the Danube
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in August 2002 resulted in 38 fatalities and financial dam-
age amounting to more than 18 000 million Euros (estimate
up to the end of 2002). For Germany, this event represented
the most costly natural catastrophe in history (approximately
11 600 million Euros in total or 140 Euros per capita). Ma-
jor damage was also registered in Austria, the Czech Repub-
lic and Slovakia (Destatis, 2008; Munich Re Group, 2003;
Petrow et al., 2006; Thieken et al., 2006). In August 2005,
large parts of Switzerland were flooded or affected by land-
slides and debris flows. Besides six casualties, an estimated
financial loss of 1870 million Euros (or 250 Euros per capita)
was recorded. The event was identified as the most costly for
the country in at least the past 100 years (FSO and FOEN,
2008; Hilker et al., 2007). In summer 2007, parts of Great
Britain were affected by extreme rainfall causing unprece-
dented hydrological conditions in the country’s recent his-
tory at this time of year. Fourteen fatalities were due to three
flood events, which occurred in June and July and the finan-
cial damage amounted to about 8000 million US $ (corre-
sponding to more than 5400 million Euros or 90 Euros per
capita with the exchange rate on 31 December 2007) (Marsh
and Hannaford, 2007; Munich Re Group, 2008; UK Statis-
tics Authority, 2008).

Such severe events in recent years are clear evidence of
the kind of impact natural hazards can have on society. As in
many other countries, the population and extent of settled ar-
eas have increased in Switzerland over the last few decades
(FSO and FOEN, 2008). Hence, the potential for damage
has also become greater. On the other hand, numerous pro-
tection measures prevent at least smaller events from having
too large an impact.

It is not only insurance companies that have an interest
in records of natural hazard events. Local authorities in
Switzerland also need such information to complete the map-
ping of natural hazards. This has involved a great deal of
work at the request of the federal administration and is still
in progress in some regions and already completed in oth-
ers. To evaluate protection requirements and to plan for land
use, it is necessary to know as much as possible about natu-
ral hazard processes and their impact (FOWG, 2001). Here
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the documentation of historical events can provide an impor-
tant basis for understanding these processes, which is why
the Swiss Federal Research Institute WSL has been system-
atically collecting and maintaining information on flood, de-
bris flow, landslide and (since 2002) rockfall damage in a
database since 1972 (Hegg et al., 2000). In this project, the
estimated direct financial damage as well as casualties orig-
inating from naturally triggered events have been recorded.
The data are provided as a broad basis of information to of-
ficial institutions responsible for land-use planning and for
providing protection against natural hazards. Moreover, an
analysis of data is published annually in the journal “Wasser
Energie Luft” of the Swiss Water Management Association
(e.g. Hilker et al., 2008). The data are also regularly inte-
grated in the cadastre “StorMe” (Burren and Eyer, 2000), a
superordinated database which the Federal Office for the En-
vironment FOEN makes available to the Swiss cantons as
computing support for documenting natural processes.

The literature about the damage caused by natural hazards
(e.g. floods and landslides) often deals with the methodol-
ogy of tangible loss estimation (Blong, 2004; Merz, 2006;
National Research Council, 1999; Smith and Ward, 1998),
and the accuracy or limitations of such approximations
(Changnon, 2003; Downton and Pielke, 2005; Merz et al.,
2004). There have also been several investigations into fa-
talities due to floods (Jonkman, 2005; Mitchell, 2003) and
landslides (Guzzetti et al., 2005; Tropeano and Turconi,
2004). Tschoegl et al. (2006) provide an overview of sev-
eral databases for natural disasters on global, regional or na-
tional levels. Global databases that include estimations of
flood or landslide damage are also mentioned in Guha-Sapir
and Below (2002), Munich Re Group (2003) and Petley et
al. (2005). There are several national databases comparable
to the Swiss one (Australia: Blong, 2004; Ireland: Creighton,
2006; Italy: Guzzetti and Tonelli, 2004; Nicaragua: Devoli
et al., 2007; Slovenia: Komac et al., 2007) as well as re-
gional databases (Azores/Portugal: Gaspar et al., 2004; Cat-
alonia/Spain: Barnolas and Llasat, 2007; Hong Kong/China:
Chau et al., 2003, 2004).

A comparison with foreign damage databases on a re-
gional or national level might be valuable to improve our
own data collection. Most data collections are based on
press articles, scientific reports, government papers or exist-
ing databases. Due to the large variability of existing inven-
tories, we only mention and briefly describe four examples
of databases similar to our database.

The research centre Risk Frontiers maintains a database on
natural hazards and their impacts in Australia (Blong, 2004).
For insurance interest, it focuses on building damage and has
compiled a building damage index allowing easy compari-
son between events. However, damage to other objects is
not recorded. The Italian National Research Council collects
historical information on landslides and floods in Italy in the
AVI (Damaged Urban Areas) archive (Guzzetti and Tonelli,
2004). This database is comprehensive and is used for sci-

entific and technical applications. The Latin American Net-
work for Social Studies on Disaster Prevention (LA Red) de-
veloped the DesInventar concept and methodology (Tschoegl
et al., 2006). DesInventar maintains several natural and tech-
nological disaster databases mainly in Latin American coun-
tries or regions, and facilitates the analysis and description
of disastrous events on a local scale (DesInventar, 2008).
HOWAS, held at the Bavarian Water Management Agency, is
the most comprehensive flood damage database in Germany,
and is focused on the financial damage on buildings (Merz et
al., 2004).

First steps towards a standard for the documentation of
natural mountain hazards data have been taken by the project
DOMODIS (Documentation of Mountain Disasters) (Hübl et
al., 2002). However, no widely perceived international norm
for the management of a damage database has been proposed
in the literature. The flood and landslide database presented
in this paper provides a possible method for such an inven-
tory on a national or regional scale. This article is intended
to foster an exchange of experience with other institutions
maintaining similar databases.

Furthermore, few long-term series of damage data exist to
analyse trends. With 36 years of data collection, it is still
difficult to draw general conclusions in a reliable way. How-
ever, it is possible to identify some of the different damage-
causing processes, the triggering meteorological factors and
the temporal and spatial distribution of damage during the
period 1972–2007 and these are summarised in this paper.
In addition, we briefly describe the six major natural hazard
events since 1972 and discuss the advantages and disadvan-
tages of the presented database methodology.

2 Materials and methods

2.1 Sources of information

Since 1972, data on damage caused by naturally triggered
flood, debris flow, landslide and (since 2002) rockfall events
in Switzerland have been systematically collected. Ap-
proximately 3000 Swiss newspapers and magazines are the
main source of information. They are scanned by a media-
monitoring company for information about damage caused
by the processes listed above. In some cases (e.g. to validate
uncertain data or in the case of large events) insurance com-
panies, official sites or the Internet (e.g. the police and fire
brigade websites) are also consulted.

2.2 Structure of the database

The relevant information is then entered into a FileMaker
Pro™ database following a standard routine. One dataset
is generated for each natural hazard damage event. If more
than one local authority (community) is affected by a single
event, a single dataset is generated for each local authority.
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Table 1. Different object types in the database for which financial
damage estimates are available.

Material assets (destroyed or damaged):
Residential houses (e.g. inundated cellars)
Industry, trade, hotels
Farm buildings
Public buildings and infrastructure
Protective structures
Other (description in the notes)
Not assignable costs of material assets

Traffic lines/infrastructure (damaged, buried and/or interrupted):
Motorways and national roads
Main roads
Other roads
Railway lines
Transport systems, cables, pipelines, pylons
Pilotages
Not assignable costs of traffic lines/infrastructure

Forestry/agricultural land:
Forest (affected area and wood)
Agricultural land (affected area)

The information collected in the database includes:

– Locality

– Date and time

– Type of damage-causing process and secondary pro-
cesses

– Triggering weather conditions

– Description of the event

– Number of dead, injured and evacuated people and ani-
mals

– Affected objects (Table 1) and estimated direct cost of
damage

– Further information or details, if available (stream dis-
charge, deposited debris volume, etc.), can be entered in
words in a note field.

The location of an event is indicated by the community, can-
ton, watershed and coordinates. This information allows the
data to be spatially analysed. The coordinates of the main
damage per event and local authority are defined by using
a linked geographic information system (ArcView by ESRI).
Damage which cannot be assigned to a certain local authority
is allocated to the capital of the affected canton or, if even the
canton is unknown, to the Swiss capital (Bern). If possible,
the date of an event and the starting time should be recorded
or, if necessary, estimated, but the starting time can be left.

According to the main damaging process the dataset of
a specific event is assigned to one of the following cate-
gories: landslide, flood/debris flow or rockfall. Because of

the large variety of possible natural processes, the bound-
aries between these three groups are often blurred. Sliding
or creeping movements of soil, slope-type debris flows and
subsidence of ground fall into the category of “landslides”.
“Flood/debris flow” includes the actual flooding process by
rivers or lakes (inundation) as well as erosion and deposition
of material along a channel. The term “rockfall” includes all
events caused by falling and sliding rocks of any size. It must
be considered that this category has only been systematically
recorded since 2002. Damage caused by avalanches, snow
pressure, drought, earthquakes, lightning, hail and heavy
gales are not taken into account in the database presented
here.

Secondary processes, i.e. processes of a different type
which occur at the same time, can also be listed. However,
it is not always easy to differentiate between the various pro-
cesses taking place or to decide which process is the most
important one. Some damage is not exclusively influenced
or caused by natural processes. Financial losses obviously
due to the malfunction or under-dimensioning of (protective)
structures are recorded nevertheless.

The triggering weather conditions can mostly also be iden-
tified, and are integrated in the database. A four group
classification is defined: thunderstorm (high-intensity, short-
duration rainfall), long-lasting rainfall, snowmelt (mostly as-
sociated with rainfall) and unknown/other causes. If possi-
ble, precipitation data are entered as well.

2.3 Estimation of damage costs

Insured property damage as well as not-insured or not-
insurable material damage is considered in the database. Di-
rect financial damage in Swiss Francs (CHF) is estimated
according to the information sources. These estimates are
largely based on experience. Empirical values originate
from insurance evaluations, damage experts, emergency task
forces and official sites. The quality of the estimates can
be evaluated by assigning to them codes which range from
a measurement over an estimate to a not-definable value.
If possible, costs are associated with a certain type of af-
fected object (Table 1). These are classified into “material
assets” (destroyed or damaged buildings, protection struc-
tures, vehicles, etc.), “traffic lines/infrastructure” (transporta-
tion routes, power-supply and telephone lines, etc.) and
“forestry/agricultural land”. Beside the assessment of finan-
cial damage, further fields can be filled in, if the information
sources give additional details, e.g. the number of residential
houses affected or the length of road buried.

Indirect losses, later reconstruction measures and intangi-
ble damage (e.g. fatalities, irreparable damage to nature and
environment) are not included in these estimates of monetary
values. Instead, the numbers of dead, injured and evacuated
people and animals are recorded.

In this article, data are given in Euros (value as at 10
July 2008: 1C = 1.62 CHF = 1.57 US$) and for events that

www.nat-hazards-earth-syst-sci.net/9/913/2009/ Nat. Hazards Earth Syst. Sci., 9, 913–925, 2009



916 N. Hilker et al.: The Swiss flood and landslide damage database 1972–2007

Fig. 1. Annual and cumulative cost of damage caused by floods/inundation, debris flows, landslides and rockfalls in the period 1972–2007,
as well as the total costs of the six major flood events indicated by short horizontal lines and date. The p-value for the total cost of damage is
0.29, which indicates there is no statistically significant trend in the data.

occurred in Switzerland inflation is always taken into account
(base year 2007). To evaluate trends, we applied the Mann-
Kendall test and a significance level of 0.1 for the resulting
p-value.

3 Results

3.1 General results for the period 1972–2007

Since 1972, storm events in Switzerland have caused dam-
age amounting to approximately 8000 million Euros in total
(Fig. 1). Thus, the average annual financial cost of damage
due to floods, debris flows, landslides and rockfalls is about
220 million Euros in the period 1972–2007 (σ = 586 million
Euros). The median of the yearly damage is, however, only
about 55 million Euros. Compared to the average, this shows
that only a few years exhibit exceptionally high costs. More
precisely, in 26 of the 36 years investigated, i.e. 72%, the to-
tal cost of damage was lower than the long-time average. The
mean annual financial loss per capita amounts to approxi-
mately 32 Euros (with population development taken into ac-
count). A statistically significant trend for the total damage
during the years 1972–2007 was not identifiable, as the high
p-value of 0.29 indicates.

The total amount of damage was strongly influenced by a
few severe events. Six single flood events in the years 1978,
1987, 1993, 1999, 2000 and 2005, causing damage costing
more than 350 million Euros each, contributed 56% of the
total sum. These major events are described in Sect. 3.2. The

corresponding years of the six major events are also the ones
with the largest amount of damage. In the year 2007, damage
of more than 400 million Euros was recorded. However, this
amount does not result from one single event, but from four
distinct events (Hilker et al., 2008). In the years 1976, 1989
and 1996 the lowest yearly costs (less than 25 million Euros)
were recorded.

The percentage of the total damage (8000 million Euros)
caused by the different processes in the investigated pe-
riod are the following (Table 2): whereas 89% of the costs
(7110 million Euros) originate from floods and inundations,
debris flows induced only about 4% (340 million Euros),
landslides 6% (520 million Euros) and rockfalls less than 1%
(15 million Euros) of the total costs. Regarding the four mean
processes individually, there has been a slight increase in de-
bris flow damage since 1972, and the Mann-Kendall test re-
sults in a p-value of 0.01. No statistically significant trend
can be identified concerning floods (p=0.50) and landslides
(p=0.21), and six years is too short a period to draw conclu-
sions about rockfall.

Long-lasting rainfall caused 75% (6000 million Eu-
ros; p=0.34) of the total loss, and thunderstorms 23%
(1850 million Euros;p=0.72) (Table 3). Snow melt led to
less than 1% (45 million Euros;p=0.17) of the costs, but
played a role in combination with continuous rain, e.g. dur-
ing the flood of May 1999. The six major events since
1972 were all triggered by long-lasting rainfall. Using the
Mann-Kendall test, no statistically significant trend can be
observed.
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Table 2. Monthly distribution of damage from 1972–2007 with respect to different processes and in total.

Month
Proportion of damage according to process [%]

Total [%] Total [million C]
Flood/inundation Debris flow Landslide Rockfall (since 2002)

January 0.2 <0.1 0.1 <0.1 0.4 30
February 0.8 0.4 0.5 <0.1 1.8 140
March 0.2 <0.1 0.2 <0.1 0.4 30
April 0.2 <0.1 0.5 <0.1 0.6 50
May 6.4 0.2 0.9 0.1 7.6 610
June 8.0 0.2 0.3 <0.1 8.5 675
July 12.9 1.0 0.7 <0.1 14.5 1160
August 46.2 1.2 1.9 <0.1 49.4 3945
September 8.5 0.1 0.3 <0.1 8.8 705
October 4.7 0.7 0.4 <0.1 5.8 465
November 0.6 0.5 0.7 <0.1 1.8 140
December 0.4 <0.1 <0.1 <0.1 0.4 35

Total 89.0 4.3 6.5 0.2 100.0 7985

Table 3. Monthly distribution of damage from 1972–2007 with respect to triggering weather conditions and in total.

Month
Proportion of damage according to triggering weather condition [%]

Total [%] Total [million C]
Long-lasting rainfall Thunderstorm Snowmelt Unknown/other cause

January 0.2 <0.1 <0.1 0.1 0.4 30
February 1.6 0.1 <0.1 <0.1 1.8 140
March 0.3 <0.1 <0.1 <0.1 0.4 30
April 0.3 <0.1 0.1 0.1 0.6 50
May 6.4 0.9 <0.1 0.3 7.6 610
June 1.9 6.3 0.2 0.1 8.5 675
July 6.1 8.4 <0.1 <0.1 14.5 1160
August 42.8 6.5 <0.1 <0.1 49.4 3945
September 7.9 0.9 0 <0.1 8.8 705
October 5.7 0.1 0 <0.1 5.8 465
November 1.7 0 0 <0.1 1.8 140
December 0.1 0 0.2 <0.1 0.4 35

Total 75.0 23.2 0.6 1.2 100.0 7985

The distributions of the total cost of damage for each
month of the year (from 1972 to 2007) are given in Table 2
according to the processes that occurred and in Table 3 ac-
cording to the triggering weather conditions. Since 1972,
nearly 50% of damage has been registered in the month of
August, but the three events in August 1978, August 1987
and August 2005 (Table 4) already represent 40% of the total
sum. 72% of the costs have been recorded in summer (June
to August), 16% in autumn (September to November), 9%
in spring (March to May) and 3% in winter (December to
February). Hence, 95% of the total costs were registered in
the six months from May to October. The most important
damage caused by floods and debris flows occurred in the
months of August and July. Landslide damage is more fre-
quent in August and May. Since 2002 rockfalls have mainly
caused damage in May.

Long-lasting rainfall clearly caused the most serious dam-
age in August. Except for June, July and December (when
thunderstorms or snowmelt were also important factors),
long-lasting rainfall accounted for 50–98% of the monthly
costs. As expected, thunderstorms caused major damage
mainly in the months from June to August.

Regarding the types of objects affected, 77% of the total
costs concerned material assets, 19% infrastructure and 4%
forestry and agricultural land. Taking the different processes
into account, 80% of the damage caused by floods and de-
bris flows were to material assets, and 17% to infrastructure
(Fig. 2). Landslides and rockfalls affected both types of ob-
jects in nearly the same extent (43%).
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Table 4. Dates of the six major events since 1972, their financial costs and the regions affected.

Date Financial loss (rounded) % of the total financial Most affected regions
[million C] loss 1972–2007 (numbers according to Fig. 3)

7–8 August 1978 610 8% 4, 5, 7
24–25 August 1987 680 9% 1, 6, 7
24 September 1993 460 6% 1, 7
11–15/20–22 May 1999 380 5% 2, 3, 4, 5, 6
14–15 October 2000 440 5% 1, 7
21–22 August 2005 1870 23 % 2, 3, 4, 5, 6

Total major events 4440 56% –

Fig. 2. Percentage and absolute values of the cost of damage caused
by floods/debris flows and by landslides/rockfalls to different types
of objects for the period 1972–2007.

Figures 3 and 4 show the spatial distribution of the cost
of damage in Switzerland from 1972 to 2007 according to
local authority and/or region. The regions Espace Midland
and Central Switzerland each accounted for more than one
quarter of the absolute total loss recorded. The alpine com-
munities in these regions suffered particularly high levels of
damage. Nearly 30% of the total damage occurred in the
regions Lake Geneva and Ticino, whereas in some parts of
western Switzerland, the Jura and Canton Grisons little dam-
age was registered. Previous studies of the spatial distribu-
tion of different damaging processes are given in Schmid et
al. (2004).

In the period 1972–2007, 102 persons lost their lives due to
floods, debris flows or landslides (Fig. 5). With 46 fatalities,
floods and inundations were the main cause of deaths, but not
all kind of fatalities are recorded. People practising higher
risk sports are presumably aware of the danger and take vol-
untary risks. Therefore, the 21 deaths during the canyoning
catastrophe in 1999 in the Saxetbach (Canton Bern) were not
counted in the analysis (Schmid et al., 2004). Landslides led
to 32 fatalities and debris flows to 24. In addition, since their

systematic collection, rockfall events have claimed eight vic-
tims or 30% of the fatalities in the period 2002–2007.

The natural hazards monitored in the presented database
caused an average of three lives a year, but without any
clearly identifiable trend (p=0.14). The distribution of fa-
talities over the last 36 years has been very irregular, and
even six financially very costly events (see Sect. 3.2) did not
necessarily involve higher-than-average casualties. Eleven
people died in August 1978, 16 in October 2000 and six in
August 2005, but in August 1987 there was only one fatality
and in September 1993 and May 1999 there were only two
fatalities. On the other hand, six people lost their lives in July
1981 due to a debris flow which caused little financial loss.

3.2 The six major events since 1972

In this section we discuss the six major flood events regis-
tered in the damage database since 1972 (Table 4).

On 7–8 August 1978 intensive rainfall caused damage
amounting to roughly 610 million Euros. The event affected
mainly the Canton Ticino in the south of Switzerland and
the Thur river catchment in the north of the country (Fig. 6).
Damage to material assets due to streams overflowing, debris
flows and landslides caused 85% of the total costs.

The second largest event since 1972 occurred on 24–
25 August 1987, when large parts of the Alpine region were
severely affected. Fluvial erosion occurred along the River
Reuss, causing dyke failures and the undermining of roads
(BWW, 1991; Jordan and Petrascheck, 2004). The associ-
ated debris flows led to substantial losses, e.g. in Münster in
Canton Valais. Approximately 80% of the total costs, which
amounted to 680 million Euros, were paid for by the public
hand to repair or replace damaged or destroyed infrastruc-
ture like protective structures, roads and railway lines (BWG,
2002).

Long-lasting rainfall on 24 September 1993 over south-
ern Switzerland (Cantons Valais and Ticino) led to damage
of 460 million Euros. Damage to material goods (build-
ings and chattels) amounted to more than 50%. In Upper
Valais (e.g. in the municipality of Brig-Glis) the occurrence
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Fig. 3. Map of Switzerland with the distribution of the total of damage 1972–2007 on the community level. Damage that cannot be assigned
to a certain local authority has been recorded in the dataset of the affected canton’s capital or the Swiss capital Bern. Therefore, e.g. Sion
in Valais, Bellinzona in Ticino and St. Gallen in the same named canton may be shown with a higher cost of damage than they really have.
Regions according to the Swiss Federal Statistical Office: 1. Region Lake Geneva (Cantons Geneva, Vaud and Valais), 2. Espace Midland
(Cantons Neucĥatel, Jura, Bern, Fribourg and Solothurn), 3. Northwestern Switzerland (Cantons Baselstadt, Basellandschaft and Aargau),
4. Zurich, 5. Eastern Switzerland (Cantons Schaffhausen, Thurgau, St. Gallen, Appenzell Innerrhoden and Ausserrhoden, Glarus and the
Grisons), 6. Central Switzerland (Cantons Lucerne, Zug, Schwyz, Obwalden, Nidwalden and Uri), 7. Ticino.

Fig. 4. Cost of damage by region for the period 1972–2007. For better comparability, the costs per area as well as per 1000 inhabitants are
charted as well.
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Fig. 5. Distribution of fatalities caused by the different processes and the annual cost of damage in the period 1972–2007.

Fig. 6. River Thur flooding in the community of Altikon (Canton
Zurich) on 7–9 August 1978 (photo: Office for Building and Con-
struction Canton Zurich, AWEL).

of excessive sediment transport and subsequent deposition
led to a large part of the recorded damage.

Two major flood events occurred in May 1999 (11–15 and
20–22 May), which, in the analysis (BWG, 2000), are taken
together as one event. The total cost of damage amounted to
380 million Euros. The most affected region was the Swiss
Midlands (especially the part stretching from Bern to Eastern
Switzerland), where flooding on lake shores and along some
of the larger rivers led to considerable damage, most notably
in settled areas.

Fig. 7. Inundation by the Schaechen River (before flowing into the
River Reuss) in an industrial area in Canton Uri (Central Switzer-
land) on 25 August 2005 (photo: Swiss Air Force).

On 14–15 October 2000 long-lasting rainfall caused dam-
age of about 440 million Euros (BWG, 2002). In the most
affected Canton Valais, 16 people lost their lives, 13 of them
due to a large slope-type debris flow in the village of Gondo.
In the Canton Ticino, the material damage was restricted to
the shore area along Lake Maggiore, where mainly buildings
were inundated.

The flooding on 21–22 August 2005 was the most costly
event since the beginning of the systematic data collection in
1972 with a total financial loss amounting to approximately
1870 million Euros. Nearly every third Swiss community
was affected in some way. Major flood damage extended
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from large rivers in the Midlands (e.g. along the Aare and
Reuss rivers), over the northern foothills of the Alps to Cen-
tral Switzerland. 95% of the damage was caused by flooding,
inundation, a ground-water surge, surface runoff or debris
flows. Floods caused particularly high loss in settled areas –
especially in industrial areas (Fig. 7). The most costly debris
flow happened in the Bernese Oberland (Glyssibach, Brienz).
Landslides were particularly frequent in the region stretch-
ing from the northern foothills of the Alps to Canton Grisons
and caused 5% of all costs. Only 25% of the total damage
in August 2005 was related to infrastructure like protective
structures (hydraulic engineering), roads and railway lines.
Around 75% of the damage was to property like buildings
and chattels.

4 Discussion

4.1 Development of damage

We did not find a statistically significant trend with regard
to an increase in the annual cost of damage in the period
from 1972 to 2007, but the observation period of 36 years
is probably too short to identify a clear trend. On the other
hand, it is difficult to quantify factors such as the changing
loss potential, climate change and the effectiveness of pro-
tection structures or emergency measures and how they in-
fluence the total cost of damage. Furthermore, since only
damage-causing events are recorded in our database, it is
not possible to draw conclusions about how frequently these
natural hazard processes occur or about their intensity per
se (Swiss Re, 2003). Nevertheless, analyses of reinsurance
companies indicate that insured flood losses have been rising
worldwide by 7% annually in real terms since 1970 (Swiss
Re, 2008). A possible explanation could be that higher val-
ues are being insured or that risk objects are more vulner-
able, or indeed that global warming might accelerates the
hydrologic cycle (Ohmura and Wild, 2002). An increase in
heavy precipitation mainly in the winter months due to cli-
mate change is widely predicted by the scientific commu-
nity (Frei et al., 1998; OcCC and ProClim, 2007; Rebetez
and Reinhard, 2008). A statistically-significant increase of
intense rainfall events in the past has been observed. How-
ever, it is not possible to detect or exclude an increase of the
frequency of extreme events (OcCC, 2003). However, our
database can neither confirm nor reject any prediction on the
basis of the damage that has occurred up to now.

The reason why the recorded damage due to debris flows
has increased since 1972 must not necessarily be the rising
number of events of this type. We rather hypothesize that the
authors of our information sources have become more famil-
iar with such technical terms because of the recent reporting
of major natural hazard events. This automatically leads to
a more accurate and correct distinction between debris flows
and landslides/floods in the Swiss media. Thus, the apparent

increase in debris flow damage could be due to an increase
in the number of entries in press articles instead of an actual
intensification of the process.

4.2 Affected objects

Floods and debris flows mainly caused damage to material
assets, whereas landslides led to nearly the same amount of
damage to infrastructure as to material goods (Fig. 2). This
was expected, as processes linked to the redistribution of wa-
ter masses cause less damage to roads or other linear ob-
jects than sliding processes do. Moreover, lakes and rivers
can damage adjacent residential areas and protection works
when they overflow, through, e.g. erosion or scouring. It
should, however, be noted that it was not always possible
to distinguish between the categories material assets, traf-
fic lines/infrastructure and forestry/agricultural land for ev-
ery event that has occurred since 1972.

4.3 Spatial distribution of damage

The regional distribution of the total sum of damage from
1972 to 2007 (Fig. 3) indicates a concentration of high costs
in Central Switzerland and in the Alps. This points out that
high costs of damage are often found where relief energy
and national infrastructure come together (as it is the case in
the canton Uri). Relatively slight or no damage was regis-
tered in some communities in the western part of Switzer-
land and some other places. A lower event frequency or
less costly events in this part of the country is probable, but
we also assume that events are less reported in the press in
the French-speaking part of Switzerland (parts of the regions
Lake Geneva and Northwestern Switzerland) and in some
alpine regions (e.g. parts of Canton Grisons). However, such
speculations are based on a visual interpretation of Fig. 4,
with little statistical evidence to support it. Within the re-
gion Lake Geneva (Figs. 3 and 4), Canton Valais is where
the greatest part of the comparatively high amount of dam-
age occurred, e.g. during the major events in 1993 and 2000.
In the Espace Midland Canton Bern was where most dam-
age occurred. This indicates the importance of classifying
the data on a community level in order to be able to make
valuable statements about the spatial distribution of damage
caused by natural hazards.

Figure 4 illustrates the necessity of converting the total fi-
nancial loss into loss per inhabitant and/or per area to indicate
the real impact on a region. From the economic point of view
(e.g. for insurance companies), the total cost of damage per
capita is an important parameter. According to this criterion,
Ticino has been the most affected region since 1972 (this re-
gion ranks fourth in terms of the total amount of damage),
closely followed by Central Switzerland. From the scientific
point of view, the total cost of damage per area better speci-
fies the frequency of events in space. Using this parameter to
rank the regions, Central Switzerland has been slightly more
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affected than Ticino. If we only consider the six major events
since 1972 (not displayed in Fig. 4), the regions Espace Mid-
land and Lake Geneva exchange their ranks concerning cost
of damage in total and per capita. This indicates that there are
numerous low-damage events in the region Espace Midland
which lead together with the major events to the high total
cost of damage. But apart from that, differences to Fig. 4 are
marginal.

Regarding the regions affected by the six major events
since 1972 (Table 4), the floods in the years 1993 and 2000 as
well as those in the years 1999 and 2005 had a similar spatial
distribution. In the time perspective of 36 years, the event in
August 2005 seems to have been extraordinary. On the other
hand, there were several events in the 19th century of the
same order of magnitude, according to Röthlisberger (1991).
Consequently, if longer periods are considered, the size and
extent of the flooding in 2005 can no longer be seen as so
extraordinary. We must therefore assume that major events
like this will occur again in the future.

4.4 Fatalities

We have recorded an average of three fatalities per year since
the beginning of data collection. Compared to the 25 deaths
per year due to snow avalanches in Switzerland (Tschirky et
al., 2000), this number may seem rather small. But the fa-
talities in avalanches include people doing higher risk sports,
e.g. ski tours. As declared above fatalities due to risk sports
accidents are not recorded in our database. Rockfall acci-
dents claimed eight victims in Switzerland in six years, and
we expect that this process will influence the number of ca-
sualties recorded in our database in the future.

4.5 Advantages and disadvantages of the methodology

The methodology we used has both advantages and disad-
vantages that affect the applicability of the damage database.
The most important benefits are:

– the database includes data for the whole country at a
good spatial resolution down to the level of the commu-
nity;

– the data set is relatively long (36 years) and is based on
continuous and consistent data collection carried out by
just one institution since 1972 with only a few different
people involved;

– data acquisition was efficient (A media monitoring com-
pany scans press articles, so there is no need for inspec-
tion in the field and one single person is in charge of
data collection for particular periods);

– recording the data in the FileMaker form linked to a GIS
is easy to do;

– it is possible to analyse the data focussing on different
aspects (space, time, process, weather conditions, and
affected objects); and

– the database can be used in natural hazard mapping.

The limitations of the database have mainly to do with:

– the fact that the amount of damage can only be esti-
mated;

– the information found in the sources is often incom-
plete or incorrect as not every damage-causing event is
recorded; there are regional and temporal variations in
the quality of reporting events and no technical reports;

– it is sometimes difficult to decide whether fatalities
were related to voluntary high-risk activity or not,
i.e. whether we include them in the database or not;

– the fact that rockfall events were not collected until
2002 limits the analysis;

– the fact that 36 years of data for the other processes is
still too short to detect significant statistical trends. In
this study we used a significance level of 0.1, but 0.05
or even 0.01 would be preferable to indicate a real trend.

To improve our estimates, access to more insurance and offi-
cial data would have been helpful. On the other hand, this
would complicate the data collection. When considering,
e.g. a whole year or just major events, loss data seem to
be fairly reliable, whereas problems arise only if individual
smaller events are analysed or just one affected community
is considered.

5 Conclusions and outlook

In the period 1972–2007, we recorded for Switzerland
an estimated monetary loss amounting to approximately
8000 million Euros in total due to floods, debris flows, land-
slides and rockfall with rockfalls only recorded since 2002.
About 56% of this damage was caused by six single flood
events in the years 1978, 1987, 1993, 1999, 2000 and 2005.
This fact shows the importance of extraordinary events in
long term damage statistics. However, there is a general
problem when comparing events with different scales in
terms of intensity and spatial extent.

Because most scientists predict an increase of damage-
causing events due to climate change, the absence of a trend
in our data seems astonishing. Possible reasons for this ab-
sence are discussed in this article. Regarding the different
natural hazard events investigated, 89% of the total amount
of damage since 1972 was the result of floods and inunda-
tions. We observed that 95% of the total damage occurred in
the half year from May to October.
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How aware the public is of the database varies with region.
Further efforts should be undertaken to promote awareness
among the local authorities and engineering companies car-
rying out natural hazard mapping.

For some recent large events, this damage database has be-
come part of more extensive event analyses that take into ac-
count scientific, political and economic issues (e.g. Bezzola
and Hegg, 2007). In the future, the damage database could
also play a role in the development of guidelines for cost-loss
analysis in hydrological forecasting (Roulin, 2007; Zappa et
al., 2008), which could draw on our experience with natural
hazard events and their impact. Furthermore, once we have
a longer time series, we should be able to analyse levels of
damage before and after the construction of protective struc-
tures and thus assess their impact. Some modern protection
measures against natural hazards have proved successful in
the past, e.g. the comprehensive flood protection concept on
the Engelberger Aa river in Canton Nidwalden (Tognacca et
al., 2008). Our database should provide further evidence of
the effectiveness of such measures in the long term.

Our experience with collecting the data could be useful in
an exchange of know-how with other institutions and for fur-
ther discussion about how to deal with natural hazard dam-
age data. The occurrence of very recent natural events like
the extensive flooding in August 2005 are clear indicators of
the need for a damage database to support decision making
in natural hazard management.
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