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Abstract. A storm loss model for Germany is presented. nich Re, 1999, 2001). During the winters 1990 and 1999
Input data to the model are the daily maximum gust wind storm damages reached record levels in Europe with more
speeds measured at stations distributed over the country. Thtean 10 billion EUR paid by insurance companies. The eco-
individual daily peak gust values are scaled with the local cli- nomic losses were about twice as high (Munich Re, 1993,
matological upper 2% quantile at each station. This scaling2000; Swiss Re, 1993, 2000). The socio-economic impor-
serves to take local conditions at the stations into accounttance of storms over Europe is thus evident. Nevertheless,
and thus permits a simple spatial interpolation of the stormit is felt that there are still deficits with respect to research
field. The next step is the computation of a loss index foron storms (Munich Re, 2001). Publications on the subject
each storm. It is based on the excess of (scaled) wind speeahainly focus on the meteorological development of individ-
over the upper 2% quantile, and on population numbers irual events (e.g. McCallum, 1990; Ulbrich et al., 2001; Wernli
the individual districts within Germany, with the latter serv- et al., 2002) and on consideration of storm climatologies
ing as a proxy for the spatial distribution of values that could (e.g. Schiesser et al., 1997; Dreveton et al., 1998; WASA
be affected by a storm. Using wind speeds in excess of thgroup, 1998), while few of the publicly available studies have
percentile value also serves to take spatial heterogeneity adin interdisciplinary approach, combining meteorological and
vulnerability against storms into account. The aggregatedsocio-economic aspects of storms (some references are given
storm index gives an estimate of the severity of an individualin Sect. 4). This may be partly due to a lack of available
storm. loss data which are required for estimating the severity of
Finally, the relation between actual loss produced by athe events’ impacts. The present paper provides a simple
storm and the index is estimated using published annual inapproach for the estimation of the severity of storms on the
surance loss due to windstorm in Germany. Index values ar®asis of publicly available data.
accumulated for each year, and the relation to actual loss is
computed. The average ratio for the whole reference period
is eventually used. It is shown that the interannual variability2 Basic considerations
of storm-related losses can be reproduced with a correlation
coefficient ofr = 0.96, and even individual storm damages We focus on windstorms of major relevance for the insurance
can be estimated. Based on these evaluations we found thiiidustry. Large losses are usually produced in storm events
only 50 storms account for about 80% of insured storm lossesffecting large areas. Thus, the occurrence of small scale
between 1970 and 1997. events like gusts produced by local thunderstorms (Kasper-
ski, 2002), or tornadoes (e.g. Dotzek et al., 2000; Elsom et
al., 2001) may be disregarded in this context.
The identification of the storm events are based on records
from synoptic weather stations, as under the assumption of

Severe winter storms belong to the most destructive natura®n ©ngoing availability of these data it will be possible to
hazards in Europe. Between 1970 and 1999 their share #PPIly our model for future storms. A problem arising from
natural hazard induced losses was more than 50% of the ecdl€ use of station data is that each station has its particular

nomic and even 60% of the insured losses in Germany (MuWind climate. High wind speeds frequently occur in an ex-
posed area (e.g. hill tops), but are usually not causing any

Correspondence tdJ. Ulbrich loss, while the same wind speeds may produce large loss in
(ulbrich@meteo.uni-koeln.de) other areas. Such differences in regional wind speed can be

1 Introduction
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Fig. 1. Number of days with gust speeds above 20m/s at Puesteldorf Sl ahler Asten
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estimated using numerical simulations (e.g. Goyette et al.
2001). As we do not intend to make use of numerical storm
simulations we have to solve the problem that anemometer
level winds from individual stations are not representative of y
large areas. The solution proposed here is a normalisation ¢ 2%
winds with a local climatological extreme wind speed. This ;
procedure is expected to remove the effect of differences ir o el 4
wind climate and permit a spatial interpolation of normalised s
station wind speeds. Fig. 2. Distribution of the stations used for the loss model. All

A computation of spatially accumulated losses from wind stations shown are maintained by the German Weather Service
data and a storm-loss function would normally require (DWD).
knowledge of the spatial distribution of insured values, but
such data were not available for our study. Instead we use a
surrogate for these values. A feasible first guess is to assume
that insured values are proportional to population numberdoughness in the adjacent areas might influence the measured
(see also Walz, 2001) which are generally available with suf-Wind speeds. Most available time series were affected by
ficient spatial resolution. So this problem is reduced to theSUch changes and had to be discarded as such inhomogeni-
estimation of the relation between insured values and IoopIies ca_used abrupt leaps and artificial trends in thg time se_ries
ulation numbers. With respect to storm losses, this factoS€e Fig. 1 for an example). We only kept 24 stations which
may be estimated from the accumulated annual loss data préhowed only minor inhomogeneities. Their spatial distribu-
vided by the German insurance industry (Gesamtverband defons turned out to be quite homogeneous for western Ger-
Deutschen Versicherer e.V.) and a loss index produced by oufany (Fig. 2). _ .
storm loss model. This loss model is described in Sect. 4 fol- A Problem also exists with respect to data coverage for
lowing a description of the data used. A validation of the the eastern parts of Germany. We had no data for the
results (Sect. 5) will be based on the yearly loss data mentime period before the German reunification (1990), except
tioned, and on loss data for single storm events. A discussiofvhat was available for Berlin-Tegel (1972-1997) and Berlin-

of results, conclusion and outlook are found in Sects. 6 and 7Teémpelhof (1970-1972). As we wanted to keep the data base
constant with time, we used the other east German stations

just for validation, but not for our final results.

.Weissenbu 1

3 Data
3.2 Insurance data

3.1 Gustwind speeds
The Gesamtverband der Deutschen Versicherer e.V. (Ger-

The German Weather Service (Deutscher Wetterdienstman Insurance Association, subsequently abbreviated as
DWD) provided data of maximum daily gust wind speeds GDV) provided yearly sums of insured losses (1980-1997,
(average velocity over two seconds) for about 90 differ-the years 1981 and 1987 are missing). These data con-
ent German stations between 1970 and 1997. We carefullyain information on storm losses in the following lines of
checked this data with respect to homogeneity as changesusiness: ‘residential buildings’ (Verbundene Wohrigete

in instruments, relocating of stations and changing surfacé/ersicherung, VWG), ‘residential contents’ (Merbundene
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Hausratversicherung, VHV) and ‘commercial’ (Allgemeine 4 Design of the storm loss model

Sturmbedingungen, ASTB). Although they should enclose

only storm related risks, these annual aggregated losses ma1l Choice of storm loss function

include indirect storm losses associated with hail and rain.

This source for losses can, however, genera”y be neg|ecte§evera| definitions of storm loss functions have been devel-
against the direct storm losses (personal communication t@ped from loss evaluations. A function based on an exponen-
several reinsurance and primary insurance companies). Notéal approach (loss- exp(vmax) Was suggested by Dorland

that this is not true in other lines of insurance business likeet al. (1999). This function was calibrated to data of storm
motor insurance, where hail, for example, is a major factor. damages to roofs and households in the Netherlands. How-

Aggregated losses of selected storms published by the muEver only five very intense storm events were considered,
and thus the result may not be representative in a climatolog-

nich Re (1993, 1999) will be used for the validation of our :
model. It should be noted that these numbers are based off® sfense. ) luati ¢ | )
the market insight of Munich Re and so the given amounts A few systematic evaluations of storm losses in Ger-

may not always be representative for the whole insurancd"@ny Were published by reinsurance companies following

market. Some of the storm loss estimates published by MuEhe storm series in the winter of 1989/1990 (e.g. ‘Daria’,

nich Re have been updated in the meantime (personal con]f—5 Januaryr,] ‘Wiﬁblre’, 28 Februfary 1990). Munich R-eh(1?93)
munication with Munich Re). A further aspect which must ound out that the loss extent of storms increases with almost

. . 7 ~
be taken into account when comparing loss estimates for in!he CUbE_B of the maximum gqst wind speed%ag( IOS_’S)'
‘v* relations’ were also used in other storm loss studies (Pa-

dividual storms published by insurance companies and es-" . _ _
timated from meteorological data is the definition of a sin- [Utkof and Skellern, 1991; Angermann, 1993; Lamb, 1991).

gle storm event. In some treaties between primary insuranck©SS evaluations performed by Munich Re after the storm

and reinsurance companies storm losses are assigned to Oﬁ%ries of December 1999 generally confirr5ngd the earlier re-
event if they happen within a 72 h period. Thus two or more sults, but suggested higher exponentst¢ v°) in the storm

events within a storm series which would be distinguishedloss function in order to meet the losses in areas with extreme

from a meteorological point of view may be counted as one3USts (Munich Re, 2002). _ _
event by an insurance company. This might be applicable From a physical point of view the cube of wind speed is

to the storms “Vivian’ and ‘Wiebke’ over Germany 26 and proportiqnal to the advection of kinetic energy. Businge_r
28 February 1990 or ‘Lothar’ and ‘Martin’ over France 26 and Businger (2001) also note that the magnitude of the vis-
and 28 December 1999. cous dissipation of turbulent kinetic energy in the surface

layer of storms is a cubic function of wind speed. Never-

Il as by ch inth b dth it fththeless, it is mainly empirical evidence which supports the
wellas by changes in the number and the Specitications o %3—relationship of wind speeds and economic loss generally

?nsurance policies._A_dditionaI effects may be c_aused by aMsed in such investigations (e.g. Munich Re, 1993; Palutikof
improvement of building standards (e.g. fixed tiles), which and Skellern, 1991; Lamb, 1991)

may reduce loss at a given storm wind speed. In order to

Loss data from different years are affected by inflation as

For our storm model we have chosen to use a relation

tS‘etween loss and maximum wind speeds which is based on

s . . o
by assuming a tqtal increase of insured values by 5/(.) Pehhe cubic relationship, but takes into account that damages
year. This value is somewhat larger than the average infla-

tion rate for buildings in Germany between 1980 and 1995are only produced when wind speeds exceed a certain thresh-

(about 3.5% according to the German federal office for statis—OId’ and that they grow with wind speeds in excess of this

tics, http://www.destatis.de/indicators/ddgrumr.htm), but threshold.

smaller than the respective estimates published by Municqosigzls”i?nzit(\:/(\/)ir:c?zn:aeezs d;na(ég\r/rgggyml;j;:ll\llye g?értor;:g;z?e d
Re (2001, 2002) for Europe. The Munich Re estimates tha 9 P

—ft a neighbouring weather station during a storm. The level
X e . o .
within the years 1990-1999, which is equivalent to a rate ofOf 20 m_/s approximately (_:0|nC|des W'th_the_ 98% percenyle
. value (= upper 2% quantile of the distribution) of the daily
about 7-8% per year (Munich Re, 2002). ) . :

) maximum gust wind speed at German flatland stations (Ta-
of the available insurance data so that correction factors regyis magnitude occur in about 20% of all days in a year — in
the storm series that occurred during this year. both buildings and nature (e.g. forests) are adapted to these

The population density distribution used as an estimate forconditions. Such an adaptation is also enforced by building
the spatial distribution of insured values is obtained fromregulations which take wind speeds at fixed return periods
a commercial Geographical Information System (ArcView, into account (Bllmann and Jurksch, 1984; Chandler et al.,
ESRI). Data are resolved on the scale of districts within Ger-2001). Thus we decided to use the local 98% percentile value
many. of daily maximum gust wind speed at a station as the min-

the insured values in Europe increased by a factor of 1.8
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Table 1. Percentile values of daily maximum gust wind speed for different German weather stations, the absolute maximum, and relative
values during the period 1970-1997

Station Lon/Lat Voo/Vog  Vogs/Vog  Vmax/ Vos Vimax Vos Type
Weissenburg 491° N 1058° E 11 12 162 325 20 Flatland
Dusseldorf 511° N 6.46° E 111 122 173 38 218 Flatland
Berlin 5228 N 1324°E 109 118 176 39 222 Flatland
Stuttgart 4341° N 9.13°E 11 122 195 399* 199 Hilly
Braunschweig 528 N 1027°E 111 121 186 40 216 Flatland
Kahler Asten 5111°N 82%¥E 107 117 173 48 276  Mountain
Cuxhaven 552°N 842 E 109 119 168 45 268 Coast
Sylt 5501°N 8.25°E 108 119 177 533** 299 Coast

The following abbreviations are used:

Vog = 98%—quantile of the daily maximum gust wind

Voo = 98%—quantile of the daily maximum gust wind

Vog.5 = 99.5%—quantile of the daily maximum gust wind

Vmax = max. gust wind speed measured between 1970-1997,

* value of 26 December 1999, measured during the storm ‘Lothar’
** value of 3 December 1999, measured during the storm ‘Anatol’

imum wind speed expected to produce any loss. This is iM.2 Use of parameters other than wind
line with the argument used by Palutikof and Skellern (1991)
for their definition of storm vulnerability areas which they It has been suggested that further parameters, in addition to
based on return periods of wind extremes at British weathetvind speed, should be included into a storm loss function.
stations. It implies that at any location (irrespective of the Swiss Re (1993) discusses the influence of storm duration
environmental characteristics) storm damages are assumed accompanying precipitation on the loss. They presented
to occur at 2% of all days. some evidence for a positive correlation between losses and
The ‘adaptation’ to wind climate can also be expected tostorm duration and they remarked that accompanying precip-
affect the degree of damage increases with growing windtation might increase losses in single cases.
speed in excess over the threshold value: The same abso- While it is possible to define storm duration objectively
lute excess wind speed will lead to less/more damage whefMacClenahan et al., 2001) it is not easy to obtain a reliable
the threshold value is high/low. Thus we decided to use gusgstimation of its effect on the loss sum generated by a storm.
winds normalised with the local threshold value as the rele-The same is true for the impact of precipitation, in particu-
vant factor for wind damage rather than absolute gusts.  1ar as precipitation and storm intensities are physically con-
Loss at a station is assumed to grow with the cube of norhected: Latent heat release is a major source for energy of in-

malised gust intensity in excess of the 98% percentile threshtense storm events (Wernli et al., 2002), and by changing the
old as given in the following equation: vertical static stability it may also influence the gustiness of

a storm (Brasseur, 2001). There is a risk of an ‘over-fitting’

max 8 of functions when too many parameters are used in such an
lossoc ( vog ) for  vmax > ves (1) empirical relation. Dorland et al. (1999) mention similar ar-
) guments for restricting the parameters in their storm-loss re-
with lation to three parameters. We will thus not include precipita-

vmax = maximum wind speed for the day considered tion or storm duration into the present version of our model.

vgg = 98%quantile of maximum wind speeds during 4.3 Spatial interpolation and aggregation of a loss index

the reference period ) )
The ratios between several percentile values of extreme

Note that the use of the cube of the excess over the threstwinds at German stations in differently exposed areas are
old wind speed in Eq. (1) also implies that a small absolutesimilar (Table 1). As a consequence, gust wind speeds which
increase ofumax above the threshold will have a strong ef- are scaled by the local percentile valugy should provide
fect on loss. In this respect our approach differs from cubica measure of storm intensity which is largely independent
storm loss functions which use absolute rather than excessf local conditions at a particular station. It is thus possi-
wind speeds. This is relevant when comparing our approactble to perform a spatial interpolation of the normalised gust
to storm loss functions employed in work referenced previ-data from the available weather stations, and thus to com-
ously in this section. pute a “footprint” of a storm. Examples of such footprints
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Fig. 4. Insured annual accumulated losses in Germany. Comparison
between detrended loss data (basic year = 1990) reported by the
German Insurance Association (GDV), and loss estimations by the
loss model. The changes due to the re-unification of Germany have
been taken into account in both time series.
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ries is the factor between the annual loss index and actual
~1.00 >125 > 135 215  >16 annual loss. It sho.uld also be applicable fgr computing ac-
VimaV oe36 tual loss from the index computed for an individual storm

_ ) _ ) event using the equation:
Fig. 3. Scaled maximum gust wind speeds (see text) for 4 inten-
sive storm events in Germany. The maximum gust wind speeds arboss= ¢* LOSSINDEX
measured during a 24 h period. Dots indicate gust intensities which (

have been interpolated and assigned to districts within Germany. =c* Z pop(districts)
districts

3
Umax(district) _ 1) (2)
V98(district)

wherepop (district) is the population number given for an

(which are based on wind data measured within a 24-h pelndlwdu"jII district.

riod) using the weather stations selected (Fig. 2) are shown
in Fig. 3. Details of the wind field related to orography or 5 \alidation
surface roughness (as output from a mesoscale model, e.g.
Kalthoff et al., 2003; Goyette et al., 2001) are not visible In Fig. 4 the time series of annual insured storm losses in
in Fig. 3, but effects of the heterogeneous surface on actuabermany (after removal of the trend) is compared to the out-
wind speeds could be estimated by multiplication of the nor-put of our loss model. The model approximately reproduces
malized values with local values osg. the annual loss data for the time period considered. Both time
After the generation of a ‘footprint’ of a storm, the loss series are highly correlated & 0.96), which demonstrates
index is computed over all districts within Germany by mul- the general suitability of our model. A small long term trend
tiplying the number of inhabitants of each district with the can, however, be detected. At the beginning of the time se-
cube of the ratio off Vimax — Vag) / Vog (see Eq. 1) for the ries our estimation of losses is somewhat too small, while
area. Aggregating the index values over all districts we ob-it is too high towards the end. This could suggest that our
tain a loss index value “LOSSINDEX” for Germany for a detrending of insurance data is too strong, and better agree-
24-h period which is proportional to the actual loss. It will ment would be obtained by assuming a smaller trend than
approximately include the effect of the spatial distribution of 5% per year. The subsequent validation for individual storm
values, but the factor between LOSSINDEX and the actualevents suggests, however, that the use of a 5% rate is ap-

loss must still be determined. propriate for estimations of the loss arising from the well-
documented events ‘Lothar’ and ‘Anatol’ at the end of 1999
4.4 Estimation of absolute loss (see below). A lower rate would result in an underestimation

of these events by our model.
The LOSSINDEX values computed for individual 24-h pe-  Table 2 gives a list of storm events. The loss estimations
riods are added for each individual year. The time seriescomputed by our model are compared with those published
of these annual values should correspond to the time serigsy the Munich Re (1999). All losses are referenced to the
of detrended annual loss data provided by the ‘GDV’ (seeyear 1990. Loss estimates are given both for western Ger-
Sect. 3). The regression coefficienbetween these time se- many and for the re-unified Germany, as values published by
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Table 2. Simulated and observed storm losses for Germany in EURO (referenced to the year 1990). The original data published by Munich
Re (1999, 2002) are converted to values of the year 1990 assuming a linear trend of 5%/year. Original data published by Munich Re are also
given. Note that the losses according to Munich Re include only former West Germany before 1991. The value given for the storm Verena
(marked with &) was corrected from the initially published amount of 40 Million DM (Munich Re, 1999).

Simulated loss in 1990 values Loss according to Loss according
Storm Munich Re in 1990 values  to Munich Re

unified Germany  west Germany

Niedersachsen-Orkan 13.11.1972 695 525 615 230
Capella 03.01.1976 495 415 510 255
Daria 25.01.1990 455 445 510 510
Hertha 03.02.1990 280 260 255 255
Judith 08.02.1990 125 75 25 25
Vivian 26.02.1990 460 420 510 510
Wiebke 28.02.1990 500 485 510 510
Verena 13.01.1993 285 - *45 *50 (in US $)
Lore 27.01.1994 250 - 295 240
Anatol 03.12.1999 50 - 65 100
Lothar 26.12.1999 505 - 445 650

Munich Re do not include figures for the gastern parts of Ger'Table 3. Storm loss classes, including all events individually pro-
many before 1991. General agreement is found between thg,cing loss of more than the given percentage of average annual
loss estimations of our model and the reference data fromytorm loss between 1970 and 1997 in Germany (first column). Loss
Munich Re. This suggests that our model is generally ca-or each class is given in values of the year 2000. The last column
pable of giving a reasonable estimation of loss produced byives an estimate of the percentage of total loss explained by the
individual storms, in spite of the simplifying assumptions storms belonging to this class.
made.
Table 2 also reveals a number of deviations between our Storm loss class, Percentage of
estimates and the published loss data. We will now discuss inpercentof meanannual ~ Number of —accumulated insured
these briefly, particularly mentioning aspects that are not re- ~ Stormloss in Germany events storm loss
lated to the model. The major events of 1990 (‘Daria’, ‘Vi- _ (0ssinvalues ofyear2000) 1970-1997 (VHV.VWV, ASTE)

vian’, ‘Wiebke’ and ‘Judith’) are part of a storm series that 5% (> 30 Mill. EUR) 88 88.00%
also included 3 more storms not listed in the table. The three  10% (> 60 Mill. EUR) 50 80.00%
most severe storms are underestimated by 5-20% by our ap- 20% (& 120 Mill. EUR) 28 68.00%
proach while our estimate is much larger than the insurance  50% (> 300 Mill. EUR) 15 53.00%
values with respect to ‘Judith’ (8 February 1990). It can- 100% (600 Mill. EUR) 5 25.00%

not be ruled out that part of these differences are associated
with the primary insurers’ assignment of loss to the individ-
ual events within the series (personal communication to dif-
ferent (re)insurance companies). It appears that part of thellated losses for this year (detrended: 870 Million EUR), we
loss assigned to the largest events by the insurance compéelieve that the loss published by Munich Re (1999) is too
nies should rather be assigned to the smaller events. Thismall.
would lead to a closer agreement of our estimates and the The published insured losses related to the storms ‘Lothar’
observed losses. (26 December 1999) and ‘Anatol’ (3 December 1999) are
With respect to losses produced by the storm Judith, theeasonably well approximated by our model. ‘Lothar’ is
comparatively low loss reported by Munich Re may have overestimated by about 15% compared to the Munich Re val-
to be assigned to the fact that its footprint had a large overues, whereas storm ‘Anatol’ is underestimated by 30%. Note
lap with that of Daria a few days earlier. As the first storm that this approximate agreement is obtained without applica-
of such a series will affect most of the ‘vulnerable’ build- tion of a modified storm-loss function for the events in 1999
ings, a second event will thus cause less new damage. Witas was suggested by Munich Re (2002). They suggested
respect to ‘Verena’' (13 January 1993) the models’ figuresthat for ‘Lothar’ the exponents in the loss function should
are clearly above the Munich Re’s estimate. Given that to-be raised to 4 to 5. As mentioned earlier, the use of wind
tal storm loss of 1993 reported by primary insurers to thein excess of a threshold in our approach (Eg. 1) leads to a
GDV (1.58 billion DM, detrended: 1.3 billion DM =665 Mil- larger increase of damage with gust wind speed than would
lion EUR, Fig. 3) are in rather good agreement with the sim-be computed for a cubic function without a threshold.
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One of the factors determining the reliability of the loss Table 4. Ranking of the 50 most intensive storm events in Ger-

estimates produced by our model is the quality of the foot-yany according to the loss model, and the respective loss in % of
print generated from the station data. With respect to Lothalstimated insured average annual loss in Germany

we found that our overestimation of loss (Table 3) could
be reduced by including station measurements of south of

) : ) Rank Date Loss in %
Stuttgart, as this would result in a better representation of

Lothar’s rather narrow foot print (Wernli et al., 2002; Ulbrich 1 13Nov. 1972 170
et al., 2001). Preliminary tests produce a loss estimation re- 2 28 Feb. 1990 120
duced by 10%-15%, thus leading to a closer agreement with i 22 ;ZEI ig;g ﬁg
values reported by Munich Re. 5 o Jan.. 1990 110
6 23 Nov. 1984 90

s A
Using the storm events identified by our approach we can 1?) 133 I‘:]:E' iggg’ gg
analyse the contribution of weak and strong events to total 11 9 Dec. 1993 60
loss sums for the period 1970-1997. We sorted the events 12 28 Jan. 1994 50
according to their loss. Table 3 distinguishes events that pro- 13 14 Jan. 1984 50
duce 5%,10%, 20%, 50% and 100% of the average annual 14 13 Feb. 1997 50
loss during this period, which is 600 Million EUR (in val- 15 24 Jan. 1993 50
ues of the year 2000, detrended with% per year from the 16  25Nov. 1992 40
year 1990). The number of events belonging to different loss 17 22 Jan. 1995 40
classes are given in the second row. 18 20 Oct. 1986 30
The share of different loss classes in the total losses be- 19 26Jan. 1995 30
tween 1970-1997 is given in the third row. It indicates 5(1) ?E:E' iggg 28
that the five most expensive events caused 25% of all losses 29 24 MarCH 1986 20
in this period. The next 45 events with a minimum of at 23 18 Dec. 1986 20
least 100 Million EUR account for 55% of all losses. The 24 2 April 1973 20
top 50 events are responsible for 80% of all storm losses 25 18 Jan. 1983 20
(residential building, content and commercial storm losses) 26 28 March 1997 20
in Germany. It seems therefore to be justified that studies 27 3 Jan. 1984 20
should focus on storms with a minimum loss of about 50 Mil- 28 27 Nov. 1983 20
lion EUR (in value relative to the year 2000). 29 16 March 1978 10
For future studies, we present the top 50 loss events with 30 4 Jan. 1983 10
our loss approach in Table 4. Only one summer event (Nr. 37, 31 25Feb. 1997 10
11-12 July 1984) can be found in the Table. On this day there 2;2:, 2112"3':: 133421 18
was a major hailstorm in southern Germany that in particu- 34 16 Janl 1974 10
lar struck the city of Munich. This storm is included in the 35 1 March-1982 10
table as high gust wind speeds were recorded at several Ger- 36 12 Jan. 1993 10
man stations. However, most insured losses (about 700 Mil- 37 11 July 1984 10
lion EUR in 1984, Munich Re, 1999) were caused by hail 38 19 Feb. 1997 10
rather than by gusts. 39 19 April 1980 10
40 9 Sept. 1997 10

41 10 Dec. 1979 10

7 Conclusion 42 13 March 1992 10
43 15 Dec. 1982 10

We have presented a model for the estimation of insured 44 27 March 1972 10
storm losses in Germany. The model results show that it is 45 20 Dec. 1993 10
possible to obtain a rather good estimate of losses on the ba- 46 30 Nov. 1976 10
sis of gust speeds at weather stations and the spatial distri- 47 24 Dec. 1977 10
bution of population as a proxy for insured value. As these 48 4 Jan. 1981 10
data sets can easily be obtained, our model constitutes a sim- 49 20Jan. 1976 10
50 21 Jan. 1976 10

ple but effective methodology for the identification of storm
events relevant for insurance industry.

Our estimations suggest that extreme storm events such
as ‘Daria’ or ‘Cappela-Storm’ (loss 600 Million EUR, Ta-

ble 2) caused 25% of all insured storm loss in Germanythe importance of these extreme events, but we were also
This result stresseable to show that losses from smaller and more frequent

between 1970 and 1997 (Table 3).
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events 50 Million EUR) accumulate to considerable loss Elsom, D. M., Meaden, G. T., Reynolds, D. J., Rowe, M. W., and
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