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286 7. Synopsis of Natural Hazards

Anmerkung der Herausgeber: Diese Synopse war zu Beginn des DFNK nicht vorgesehen.
dementsprechend gibt es hierzu kein spezifisches Teilprojekt. Die Mitglieder der Gruppe haben
uber die Arbeitin den einzelnen Teilprojekten hinaus die im Folgenden vorgestellte Methode zur
vergleichenden Risikobewertung entwickelt. Dieser Text erscheint in leicht veranderter Form
im Sonderband iber das DFNK in der Fachzeitsc#tural Hazards
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7.1.1 Abstract

In this paper a methodology for a multi-risk assessment of an urban area is introduced and per-
formed for the city of Cologne, Germany, considering the natural hazards windstorm, flooding
and earthquake. Moreover, sources of the uncertainty in the analysis and future needs for re-
search are identified. For each peril the following analyses were undertaken: hazard assessment,
vulnerability assessment and estimation of losses. To compare the three hazard types on a con-
sistent basis a common economic assessment of exposed assets was developed. This was used
to calculate direct economic losses to buildings and their inventory. The perils were compared
by risk curves showing the exceedence probability of the estimated losses. For Cologne, most
damages that occur frequently are due to floods and windstorms. For lower return periods (10 —
200 years) the risk is dominated by floods. For return periods of more than 200 years the highest
damages are caused by earthquakes.

7.1.2 Introduction a synoptical view that enables planners and

decision-makers to make adequate decisions
Risk assessments for natural hazards have ugQ- risk reduction and loss prevention pro-
ally been carried out separately for the vargrams.

ous pertinent hazards in the considered regiofige methodological approaches in risk assess-
or cities, without attempting to combine thesg,ent stydies range from very coarse indices to
studies to one hollstlc_rlsk assessment. ThelRhorate assessments. An example of a coarse
are only a few exceptions: e.g. the UNDR@qex approach is the methodology of Ferrier
study (1977for Manila, the KATANOS report an4 Haque (2003). Based on readily available
for Switzerland (BZS, 1995), the AGSO Citiegjata and expert knowledge about the hazards
project for geohazards in Australian urbagng their possible effects on the municipality,
communities (e.g. Granger et al., 1999) afgis method yields a ranking of the different
the more recent studies for Turrialba, Costaxys in a community and provides guidance
Rica (van Westen et al., 2002) and Torontgy poth mitigation and preparedness priorities.

Canada (Ferrier and Haque, 2003). As demoRpgther coarse index was proposed by Munich
strated by Durham (2003), it is, however, such
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Re (2003) and also uses available data and elespite similar water levels of 10.63 m and
pert opinion. On the other end of the spectruf0.69 m, respectively (Vogt, 1995; Fink et al.,
are in-depth assessments which consider tH@96). The significant reduction of losses in
complete risk chain (‘triggering natural event995 was mainly explained by an enhanced
— direct impacts on population; built and natisk awareness and a better preparedness of the
ural environment — secondary and long-terpeople at risk — a phenomenon that was also
consequences’) by means of complex simulabserved in adjacent catchments (Wind et al.,
tion tools for hazard and vulnerability analy1999).

f]es. SAOSt of thgm ,I(?Ck’ hi\ggg_ebmeljmgt\?\/hereas windstorms and floods are well
azard aspect (Davidson, : own publicly, damaging earthquakes are

20%0)', Qne tlaoxal;r:ple o;ozz);ruehmgltl-hﬁzar ther rare in Germany and there is little pub-
study is given by Blong ( ) who develope ¢ awareness of this risk. Nevertheless, and

a damage sca_le .forAustraI?athatquantifies tgf spite of only moderate event magnitudes,
damage to buildings resulting from a range e total losses can be considerable due to the
natural hazards. large number and the high values of exposed
This study aims to provide a multi-risk assessbjects. The 1992 Roermond earthquake
ment for the city of Cologne, Germany, peffmoment magnitude l=5.3, local magnitude
formed within the DFNK (German ResearcM;=5.9), northwest of Cologne killed one and
Network Natural Disasters) project. Colognimjured 25 people, damaged 7,200 buildings
was chosen as a demonstration site since tharel caused losses & 150 mill. Paleoseis-

is a huge accumulation of people (1,014,83#ologically constrained earthquakes with,M
inhabitants in 2000) and assets, such as cup to 6.7 (Camelbeeck et al., 2000) would, of
tural assets, industrial sites (chemical induseurse, produce much higher losses, in the or-
try, vehicle construction), an important comder of tens of billions of. Not the frequency
merce and services sector (including a tradé earthquakes is of concern in the risk man-
fair) providing nearly 230,000 jobs, several reagement, but their extreme loss potential.

dio and teIeV|S|9n stations, etc. (Urban Deve||h order to compare the three hazard types, the
opment Authority of Cologne, 2002). More llowing framework is used. The termsk
i

over, Cologne is exposed to the three hazar@sused to describe the probability that a given

types tyvmt:lstorm, IIQOd a?d teﬁrthqujak_e, (r;epdss will occur. Risk encompasses three as-
resenting the most important hazards in epg'ects:hazard, vulnerability and exposed as-

many. sets (or people) According to this definition
Storms take in a top position in damagebe following analysis steps were performed
caused by natural hazards in Germany (Mwthin this study:

nich Re, 1999). In particular extratropical cy-

clones are responsible for about 53 per cent of

economic losses. The total insured loss from 1. Hazard assessment,focusing on the
the series of gales in December 1999 exceeded probability of occurrence of potentially
€10 billion (Munich Re, 2001). Also flood damaging natural events.

events are of major concern in Germany with

the highest losses of more th&n9 billion in 2. Development of the assets inventory,
2002 at the Elbe river. The last severely dam- i.e. identifying the values that are ex-
aging floods which also affected Cologne oc-  posed and vulnerable to hazard events.
curred in 1993 and 1995 with economic losses
of € 530 mill. and€ 280 mill., for the whole
Germany. In Cologne, losses amounted to
€ 77 mill. in 1993 and€ 33 mill. in 1995

3. Vulnerability assessment, evaluating
how exposed assets will suffer by vari-
ous hazard events.

im Original erschienen in: Scientific Technical Report STR 04/01, GeoForschungsZentrum Potsdam, Potsdam, 286-305, 2004.



288

7. Synopsis of Natural Hazards

4. Loss estimation, superimposing value Assessment of the windstorm hazard
distribution and vulnerability functions
and assigning the corresponding sce-
nario event probabilities. In this study
only direct monetary losses were consid=0r studying the storm hazard two kinds of
ered, i.e. indirect losses as well as iRbserved wind speed time series are avail-
tangible damages (casualties, evacuatafle, gust data and time averaged wind speeds.

people etc.) were completely neglected 0" the region of Cologne such time series
were provided by the German Weather Service

5. Synthesis,linking the loss estimates of(DWD) observed at the DWD station “Kdln-
the different hazard types. Wheread/ahn”. The first series contains hourly wind
linking losses as such is easy, a trugpeeds, averaged over a sampling period of 10
comparison of the hazards is difficultminutes. Its length covers 30 years, from 1971
since different risks may have very difto 2000. The series of the maximum daily 3
ferent characteristics concerning the# gusts is 45.5 years long, from 1957 to 2002.
impact on the city or their probability of These two different measures for wind speed
occurrence. are to be compared with data from known dam-

aging events. The question arises, which one is

stuﬁ_y .d::f ers from thte fer\f[. approa:cches fotrhe occurrence of known disastrous cyclones.
MUIL-TISK “assessment existing so- 1ar, eSIO‘IJ"herefore, a use of the gust series data would

cially in the degree of detail, and partially ir]ead to an overestimation of storm damage
the novel approach for vulnerability asses$  |n contrast to the maximum gusts, the
ment. In the following sections, the hazardﬁghest values of the mean wind spee’d se-
assessment for windstorms, floods and ear

ies correspond to the well known damaging

quakes is described. The calculation of the aents

sets in Cologne is introduced as a common ba-

sis for all these perils. The vulnerability asPifferent distribution functions were taken into

sessment and the loss estimation methods €@nsideration for the extrapolation of the time
each hazard type is described. The paper efs@sies.  According to Troen and Petersen
with a comparison of the three different risk1989) the Weibull distribution estimates ex-

curves for the city of Cologne as a commotfeme values insufficiently. As expected, the
risk indicator. Weibull method gave incorrect estimates for

the tail of the distribution. Two other func-

tions were tested, i.e. the Schmidt distribution
7.1.3 Hazard assessment (Schmidt, 1980), which was developed espe-

cially for wind speeds, and the Gumbel type |
For each of the three considered perils a hatistribution (Gumbel, 1958). The accuracy of
ard assessment was performed focusing estimates following Schmidt is sufficient also
the estimation of the probabilities of occurat the tails. This distribution is valid for sea ar-
rences of potentially damaging events and efas, as well as over land with a flat relief. The
fects. At this stage, different hazard types aextreme values resulting from the Gumbel type
not comparable with each other since hazartt only the tail of the distribution sufficiently
due to windstorms, floods and earthquakesell. Since this is the important point here,
are described by different strength parametethis method was used, too, although its use has
wind speed, discharge or inundation depth actear limitations since it allows infinitely large
ground motion or macroseismic intensity, reevents and does not consider a physically ex-
spectively. isting upper bound.
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The extrapolation of threshold values of windlthough the occurrence of damaging torna-
speed for some exceedence probabilities is po®es is possible in Germany (Dotzek, 2001)
sented in Fig. 7.1. The mean wind speed flis risk type is not considered here.
presented up to a return period of 300 years

(Gumbel method) and alternatively up to 100

years (Schmidt method). The latter is tha’ssessment of the flood hazard

upper bound of extrapolations suggested by

Schmidt. At first glance, both estimationghe estimation of the flood hazard is based
seem to be small compared, e.g., with megh an extreme value analysis of the discharge
wind speeds of 26.1 m/s measured during tRgta at the gauge Cologne on the river Rhine.
storm Lothar (26121999) in Karlsruhe. Thﬁt this gauge a discharge series with reli-
Cologne region, however, is known for weakegple daily data from 1880 to 1999 is avail-
wind SpEEdS in Comparison to locations in t%|e For each hydr0|ogical year (frorﬁtl
open North German lowland. This is due tRovember to 3% October), the maximum dis-
the protected location of Cologne in the Lowetharge was determined. Different distribution
Rhine Embayment (Ditemayer, 2000). functions were adapted to this Annual Maxi-

As described above, the mean wind speed wi§M Series (AMS): Gumbel type |, Pearson
used to develop the loss scenarios. Lossestye Ill, Weibull and Lognormal. The pa-

such, however, are more related to peak gusgneters of these distribution functions were
than to mean wind speeds. Therefore, the pe@Ximated by the method of moments (Ste-
gusts had to be derived from the mean wiringer et al., 1992).  Fig. 7.2 shows the
speeds. A conventional gust factor G wdseur distribution functions as well as the ob-
derived as the quotient of the peak gust as§rved events, whose empirical probabilities
the mean wind speed. According to Wiering@€re assessed by six different plotting po-
(1973) the gust factor was calculated as a fungifion formulas (Weibull, Gringorden, Cun-

tion of the mean wind speed,(averaged over Nane, Median, Blom and Hazen) given in Ste-
a period T = 10 minutes), the gust duration dinger et al. (1992). The four distribution

the roughness lengtf ¢a parameter for the ef-functions were then weighted by a Maximum

fect of surface roughness in turbulent flow) arldkelihood method to construct a composite

Rodriguez-Iturbe, 1975), which gave the fol-
lowing weights#; for the individual distribu-

G(t,T = 10min, z, 20,vm) = 1 + tions: Pearson type Illgg = 0.858), Weibull
990 (62 = 0.072), Lognormal 3 = 0.067), and
1.4240.3013 - In (Wt - 4> Gumbel type | §4 = 0.003). The Pearson type
In (i) Il distribution seems to be the best option for
=0 this series since it is almost identical with the

. composite distribution. However, in compar-
The duration of the gusts was assumed to &%n with the estimates of the German Fed-
3s. eral Institute of Hydrology, where multiple an-
Taking into account the length of the used timeual maximum series and the log-Pearson type
series, a reliable estimate for longer return pB} distribution have been used, the Pearson
riods than a few hundred years is hardly posspe Ill in combination with the AMS 1880-
sible. On the other hand, gust speeds of up1899 deliver lower discharge estimates espe-
45 - 50 m/s were already observed in the Northally for return periods larger than 50 years.
German lowland in the past (Cappel and Enfhe estimates of the German Federal Institute
merich, 1975). In principle, the occurrence af Hydrology are fairly well represented by the
even higher values is possible. Gumbel type I distribution in Fig. 7.2.
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Figure 7.1: Extrapolated mean wind speeds for selected return periods up to 100 years (follow-
ing Schmidt) and 300 years (following Gumbel).

In general, the uncertainty of flood frequencyeme floods of 1342, 1374 and 1497 — with
analysis is enormous because sample sizesaeder levels and discharge values of 11,53 m
limited, the sample types [(multiple) annua12,435 ni/s), 13.30 m (15,680 fis) and
maximum series or partial duration series] dift1.50m (12,380 is), respectively — clearly
fer and a variety of distributions and parametexceed the largest flood events in AMS 1880-
estimation methods are available (e.g. Chbal999. Empirical probabilities of the historic
1995). To overcome this problem many courevents were estimated by combining the his-
tries published guidelines and recommendéatic events with the AMS 1880-1999 follow-
certain distributions. For example, the logng DVWK (1999). Assuming different plot-
Pearson type Il distribution is the most freting position formulas (see above) a return pe-
quently used distribution in the USA, whereasod between 670 and 1350 years was assigned
the generalized extreme value distribution t® the largest flood event which occurred in
popular in Great Britain, the Lognormal distri1374 (Fig. 7.2). It was therefore classified as
bution in China and other distributions in othea 1000-year flood (Fig. 7.2). It has, however,
countries (Singh and Strupczewski, 2002). to be emphasised that the discharges of the his-

The four highest events in the AMS 1880?‘-0”(: events were obtained with the current rat-
g curve. Owing to morphological and hy-

1999 nearly have the same order of magnitud 2 ) )
10,700 ni/s to 10,900 s (Fig. 7.2). These _raullc cha_nges in the_ river bed these calcula-
discharges equal a water level at the CoIogHgns are fairly uncertain.

gauge of 10.55 m to 10.66 m. Therefore, For the estimation of flood losses certain dis-
seems that a discharge of around 11,00@smcharges have to be converted into water levels
might serve as an upper bound. However, and inundation areas. The transformation of
analysis of historic flood events in Colognéischarges into water levels was performed by
provided by Krahe (1997) reveals that the exhe rating curve of the Cologne gauge. Inun-
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Figure 7.2: Four possible distributions of discharge at the Cologne gauge based on the annual

maximum series from 1880 to 1999 (AMS 1880-1999) and empirical probabilities of observed

and historic flood events estimated with different plotting position formulas (cf. text).

dation scenarios considering the flood protet the past; e.g. an intensity I1=VIII, magni-
tion outlined in Stadt Kéln (1996) were proiude M;=6.1 earthquake on 18 February 1756
vided by MURL (2000) for the water levelsnear Diren and the M=5.9 earthquake 1991
11.30 m, 11.80 m and 12.50 m at the Cologmear Roermond/Heinsberg, which had, due to
gauge. Additionally, inundation maps weréhe large focal depth of 20 km, an I=VII only,
calculated by interpolating the water levelstill causing extensive damage (see introduc-
given at 13 cross sections along the Rhine iion). Cologne lies close to the eastern border
Cologne and by intersecting the resulting watef the seismically active area.

surface with a digital elevation model of 50 Mhe observed seismic record is sufficiently

grid size. Fig. 7.3 shows a few inundation SC%’ompIete since 1250 for intensity VIl and

narios. The resolution of the digital elevatiogirlce 1500 for intensity VIl (Grinthal et al
model is, however, too coarse to calculate ﬂl%98) Since the goal of the study is an |n
impacts of the local flood protection measure“gnsi,[y based risk assessment, the hazard as-

and the resulting inundation areas exactly. Thé%ssment was performed for this parameter. A

1S relevant for water levels b?IOW 11,'30 m anﬂarmonized earthquake catalogue covering the
'sa furth(_er source of uncertainty which wil af'entire western Central European area was used
fect the risk assessment. (Gruanthal and Wahlstrom, 2003). Seismic
source zones according to the seismotecton-
ics of this larger area were taken from Grin-
Assessment of seismic hazard thal et al. (1998), while for the Lower Rhine

Embayment and the Ardennes 14 smaller seis-
The Lower Rhine Embayment represents omgic source zones were derived on the basis of
of the most seismic active areas of Germaryie detailed neotectonic pattern and tectonic
Fairly strong earthquakes have occurred there
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Figure 7.3: Selected inundation scenarios for Cologne. According to the current rating curve
the water levels of 11.30 m, 12.50 m and 13.25 m correspond to a discharge of 12/818 m
14,247 nmi/s and 15,677 His, respectively.

studies (Grunthal and Wahlstrom, this issugjifferent economic sectors, particularly in the
Different combinations of the 14 small sourceectors of private housing, commerce and ser-
zones represent the epistemic uncertainty wtes as well as industry. As a spatial data base
the source zonation input for the probabilistithe land register ATKIS, i.e. the German offi-
seismic hazard assessment. All the other inprial topographic-cartographic information sys-
parameters were also treated with their uncéem, was used.

tainties with the logic tree technique. The assets were estimated by means of the fol-

Intensity related fractile hazard curves for thiewing statistics: On the basis of data on the
centre of Cologne are given in Fig. 7.4. Thgross stock of fixed assets in 1997 (Statisti-
mean hazard curve, representing the best eat Office North Rhine-Westphalia, 2002) and
timate, is used here for the further procedudata concerning type and expanse of land uses
regarding loss estimation. Corresponding seis- North Rhine-Westphalia (MURL, 2000) a
mic hazard maps for the area of Cologne famit value [E/m?] was calculated for all eco-
different hazard levels are the basis for the fahomic sectors that are included in the system
lowing estimations of seismic losses. Three of national accounts from 1958. The unit val-
these maps are shown in Fig. 7.4. ues were scaled to the year 2000 by data on

the development of the gross stock of fixed as-

sets in North Rhine-Westphalia (Federal Sta-
Assets assessment for the city of Cologne tistical Office Germany, 2002), i.e. the fig-

ures for 1997 were multiplied by 1.0525. As
In order to estimate direct losses that miglaissets are not distributed uniformly through-
be caused by various hazards, it is necessant the country, but data on the gross stock of
to develop an inventory of potentially exposefixed assets are only available per federal state,
assets in the area under consideration. Foaaneasure had to be found which accounts for
consistent comparison of different risks a unthe high concentration of assets in the Cologne
form data base of the assets is essential. Thenregion. Therefore, the unit values for North
fore the aim is to calculate values — here d&hine-Westphalia were adjusted to Cologne
fined as replacement values for the referenasing the gross value added per employee. The
year 2000 - for buildings and their contents in
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occurrence or exceedence probability p.a.

Figure 7.4: Probabilistic seismic hazard curves for the centre of Cologne in terms of intensities
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and their fractiles. Basis for the risk assessments are here generally the mean hazard values.

Corresponding intensity hazard maps for the city of Cologne are shown as inlay maps for dif-
ferent probability levels.
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underlying rationale is that there is a relationFhere exist other approaches for the estima-
ship between assets involved in production atidn of assets. For example, an approach based
value creation: The higher the asset’s wortbn the number of inhabitants multiplied by the
the higher productivity will be. Gross valuanean insured values per capita in Germany
added per employee is a productivity measungelds considerably higher values (i.e. an aug-
In 1996, the average value added per employeentation of 30 % for housing and 65 % for
throughout Germany was 50,406 (= 100%). commerce and industry). Furthermore, data
In North Rhine-Westphalia it wa€ 52,821 gathered by primary insurers which represent
(= 105%), and in the city of Cologne it wa20 % of Cologne’s total portfolio for residen-
€ 65,010 (= 129%) (Statistical Office Badential buildings show that the average building
Wirttemberg, 2000). The unit values for Nortkalue in Cologne is probably higher than the
Rhine-Westphalia were therefore multiplied byalue assumed here. This is due to a higher
1.23. share of multi-family housing and more valu-

The use of the gross stock of fixed assets fgple urban housing. This leads to the conclu-

asset assessment does not work well for tRE& " that the values derived by the above de.-
%?rlbed approach represent a rather low esti-

sector of private housing since the data do n te of the total val Y lidati
include all private residential buildings. There!'&€ 01 (€ lotalvalues. However, a validation

fore, an approach based on statistics of the gpmains difficult.

ban Development Authority of Cologne (2002)

and insurance data (GDV, 2003, pers. comm,) .

was chosen for this sector: The number gf1'4 V“'”_efab"'tY assessment and es-
buildings, households and cars in 2000 was timation of direct losses

each multiplied by the corresponding average _

insured value in Cologne. By this approach 0" each of the three natural disasters a set of
total value of€80.25 billion and a mean unitPotentially damaging scenario events was se-

value of 10155/m? was obtained (Table 7.1). !ected. They were related to certain probabil-
ity levels of the hazard assessments and were

For loss estimation models a spatial distribypplied also for the seismic risk assessments.
tion of the assets is needed. Therefore, g these scenarios it was evaluated which as-
values had to be allocated to object classgsis are exposed by the hazardous events and
within the land register ATKIS. Since thergyhat the effects are. In case of damaging earth-
is no exact correspondence between the egprakes and windstorms the whole town is af-
nomic sectors in the national accounts and th@cted, as opposed to floods. Monetary direct
ATKIS land use codes, the scheme proposggses to buildings and inventory were then es-
by MURL (2000) was slightly modified andimated considering only the sectors of private

used to assign ATKIS land use cI<':1ssifica'[iorp§)using commerce and industry with a total
to economic sectors. The resulting spatial patsjue of€110 billion (see Table 7.1).
tern of economic sectors in Cologne is shown

in Fig. 7.5.

By multiplying the unit value by the area ofVulnerability and loss estimates due to

an object the economic value of each ATKIS¥indstorms

object was obtained. The object values were

then aggregated within five-digit postal codeBhe assessment of expected losses for different

and for Cologne as a whole. The main resultsturn periods was performed by use of a sim-

are given in Table 7.1, the total value amounpde empirical damage function developed by

to €133 billion. Munich Re (Munich Re, 1993 and 2001). Itis
based on studies of the gust fields of disastrous
cyclones like the 1990 storms Daria, Wiebke,
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Figure 7.5: Spatial pattern of economic sectors in Cologne according to the land register ATKIS.
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Economic sector Area Share  Unit economic Total assetin  Share
[km?] of total value [€/m?] Cologne of total

[%] [billion €] [%]

Agricultural Area 111.01 26% - - -
Other 100.38  25% --- --- ---
Private Housing 79.10  20% 1015 80.25 60%
Manufacturing & Industry 35.30 9% 362 12.79 10%
Public Service & Infrastructure 26.77 7% 467 12.49 9%
Commerce & Services Sector 14.25 4% 1179 16.81 13%
Traffic & Communication 17.87 4% 67 1.09 1%
Water 15.27 4% --- - -
Energy & Water Supply 5.19 1% 1785 9.25 7%
Total 405.14 100% -—- 132.68 100%

Tabelle 7.1: Estimation of assets in the city of Cologne on the basis of land use information sys-
tem ATKIS and unit economic values (Statistical Office North Rhine-Westphalia, 2000) (Refer-
ence year: 2000, cf. text).

Herta and Vivian and the 1999 storms Lothatimate is shown in Fig. 7.8 in comparison with
Martin and Anatol: the two other risks.

The maximum of the time series of 18.9 m/s
represents the storm Wiebke on March 1 1990.
vG 7 Peak gusts derived here range between 32.2
80 k:m/h) m/s and 33.3 m/s, which correspond to obser-
vations. When applying this windspeed uni-
formly over the whole city area, the resulting
Agss ranges fron€39 to 66 million.

LR (vG) = LR (80 km/h) - <

Here, LR() is the loss ratio, ¥ the gust
wind speed. This equation is valid for spee
above 80 km/h. No significant damages occur

in Germany below this value. The analysis &stimation of losses due to inundation

the 1990 data suggestsyaof 3 to 4. For the

1999 galesy is rather in the range between Direct monetary losses due to inundation were
and 5. No differentiation between coastal arestimated by superimposing inundation pat-
and inland was made, because the data do tens (Fig. 7.3) with the ATKIS land use cover

support such differences. (Fig. 7.5) which was transformed to a grid with

Two estimations were made to take into aél_cellsize of 50 m). For each grid cell the inun-

count the uncertainty of the assessment. For%%t'o.n depth and th_e economic sector were de-
mined. As described in section 3, each eco-

upper estimate a roughness length (cf. chap{SF . . )
2.1) (see section 2.1) of 0.55 m andyaf 5 nomic sector corresponds to a unit economic

in the vulnerability function was assumed; foya_lue. Therefore, the total economic value per
a lower estimate a roughness length of 0.45 Wm'd cell can be calculated easily.

and avy of 4 (see Table 7.2). The exceedencehe relative flood loss per grid cell was then
probability for losses up to a return period ofstimated by means of stage-damage functions
300 years as a mean of a lower and an upper aseording to MURL (2000). For each eco-
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Return Lower Upper
period estimation estimation
S5a 20 29

10a 24 36

50a 37 60

100 a 43 60

300 a 70 135

Tabelle 7.2: Monetary losses in millig@up to a mean return period of 300 years. The Schmidt
method was used to extrapolate the mean wind speeds up to 100 years mean return period and
the Gumbel method for 300 years. For the upper estimate a roughness length of 0.55 m in the
gust assessment andyaof 5 in the damage function was assumed; for the lower estimate a
roughness length of 0.45 m and an exponent of 4.

nomic sector such a function shows the darsidering the expected differences in the way
age ratio on buildings and contents in depetfat buildings will respond to earthquake shak-
dence of the inundation depth. Monetary floadg including factors like workmanship, state
loss results from the multiplication of the damef maintenance etc., the most probable vulner-
age ratio by the total economic value per griability class (A, B, C, D) was assigned to each
cell. Losses per grid cell were aggregated fouilding. Additionally, transitional classes (A-
each economic sector and for Cologne. B, B-C, C-D) were introduced (Schwarz et

For the three inundation scenarios shown ﬂ"‘ 2004). T'h|s.follows strictly the I%uro—
Fig. 7.3 this approach yielded total flood losség N Macroseismic Scale EMS-98 (Granthal,
of €157 million, €3.5 billion and€5.3 billion, 298
respectively. All in all, flood losses were estit has to be stressed that the building stock
mated for 15 inundation scenarios so that a rie-Cologne was affected by severe destruction
lationship between the water level at Cologrdue to the second world war and its aftermath.
gauge and the total direct flood losses in thehe greatest part of the building stock was
sectors private housing, commerce and indusected in the past 50 years. Consequently,
try was constructed. The resulting data, abuildings and construction types of low vulner-
sumed as mean values, are shown in Fig. 7.&bility dominate; 80 % of the buildings can be
assigned to vulnerability class C and less than
14 % to vulnerability class B (Fig. 7.6).

Estimation of losses due to earthquakes  |n the sense of geo-statistical extrapolation, the
composition of the building stock was applied

The earthquake resistance of the building stotk the entire town area with consideration of

in Cologne or its vulnerability is not known.the given age structure of the buildings in the

Therefore, a test area with approx. 800 buildewn quarters concerned.

iNgs In the town _center was suryeyeq n det.alf‘he earthquake scenarios developed in the

Buildings were inspected and identified with . . . .

] + 1o their building t nd imoortan context of risk studies mainly building dam-

espect fo Iheir buliding type a porta nge according to the local intensity and cor-

category as well as with respect to their struc-

. N ¢ ;
tural system (Schwarz et al., 2002a, b). Corrfspondmg distributions of damage grade for
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each vulnerability class. Therefore, the diffeintensity and were finally inserted as such into
ences between buildings types are transformiba calculation of the mean damage gradgs d

in vulnerability classes. For each town distriq{br the town of Cologne it seems allowable to
the- composmp_n of bundm_gs with respect t%ssume uniform input values over large areas,
their vulnerability classes is extrapolated. F%inimizing the impact of local site conditions
further details of the procedure see Schwarz d the scatter of risk assessments. However

al. (this issue), where also further re\ferena]e[sshOuld be stressed that in general, site ef-

are given. fects have to be considered by refined 2- or 3-
Losses due to earthquakes were estimateddimensional models. Thus the case of Cologne
the basis of deterministic scenarios assumingflects rather an exceptional than the standard
epicentres within the context of historic seissituation (Schwarz et al., 2002c). In the scenar-
micity (Schwarz et al., this issue). Return peries of Fig. 7.7 the influence of local site effects

ods of intensities were assigned in accordams@s not considered. Schwarz et al. (this issue)
to Fig. 7.4. For the purpose of the integratatlustrate the variations for specific site condi-

approach within this study probabilistic intentions as well as the effect of building height. It

sity hazard maps for the city of Cologne ashould be repeated that by this procedure the
given by Fig. 7.4 were applied directly. regional damage distribution of mean damage

Seismic risk maps were prepared for diﬂ;e'grades.is slightly.modified, while the loss over
ent EMS-intensities. The impact of modetpe entire town will be less affected.
assumptions and the step-wise refinement Tfie assets were taken as given in Fig. 7.5 us-
input variables (like site conditions, buildingng a correlation between mean damage grade
stock or vulnerability functions) on the distri{d,, ) and Mean Damage Ratio MDR (indi-
bution of expected building damage is considating the loss as percentage of the value).
ered by Schwarz et al. (this issue) in more d&he correlation is based on the description of
tail. From these investigations, it can be comtamage grades as per the European Macro-
cluded that these modifications have an impasgismic Scale EMS-98. The loss is summed
on the distribution of damage but are of minarp over the town districts. Assuming that
importance for the total loss integrated over theithin each town district the intensity accord-
city of Cologne. The estimated damage distring to scenario maps are representative the loss
bution for the given scenarios is described usan be expressed in terms of annual probabil-
ing the mean grade of damage for each tovities of exceedence corresponding to the mean
district. or other statistical fractile intensity given in

Within recent case studies a procedure was d:ég 7t4 Surpn.smgly, prObati'“gt'k;: aSndhdeter- ;
veloped to transform the site-specific descri|5‘]InIS IC scenarios as presented by schwarz €

tion of seismic action (within the period rangegl" this issue in more detail indicate only mi-

characteristic for the dominant building tyloespordifferences. Probabilistic results according

into intensity differences introduced as “Delta= Fig. 7.4 and Fig. 7.7 are used for comparing

Intensities” (Raschke, 2003). On the basis fgrthquake losses with those of other hazards
those site-specific spectral accelerations cal ﬁ'gorm, flood).
lated in tightly spaced grid elements the local

intensity is differentiated.

, _ 7.1.5 The synopsis of natural risks for
On the basis of the results of the site-response- Cologne

analyses, differences in intensities were deter-
mined for each town district depending on th . : L

: : gaep 9 For the comparison of different risks it is a fun-
subsoil type. These intensity increments cacT

. amental prerequisite to use a common risk
be understood as correction values for the siie P 9

Indicator. In this study we agreed to calcu-
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Figure 7.6: A: Composition of building types in the study area of Cologne (W-wooden; M-
masonry, St-steel, RC-reinforced concrete; NS-natural stone, Prf-Prefabricated). B: Composi-
tion of vulnerability classes (EMS-98) in the study area of Cologne.
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2% in 50 a

5% in 50 a

0 0.5 1.0 1.5 2.0

Mean damage grade d,, l—---

Figure 7.7: Mean damage gradgsatcording to the EMS-98 in ZIP code-areas of Cologne for
two different hazard levels (5% in 50 years, T=475 years; 2% in 50 years, T=2,475 years).

late a risk curve for each disaster type. Suelnd levels of the corresponding mean hazard
a risk curve shows the total direct monetarmurve.

Iosses.to b“"d'”gs and inventory in the S€%he risk curves in Fig. 7.8 were calculated for
tors private housing, commerce and indust e most probable estimates only, i.e. uncer-

in Cologne against their exceedence probaq_l inties were not considered. But the uncer-

1ty. lefer_ent risk curves can be pIott_ed "N ONG5inties can be large. The uncertainties in the
graph (Fig. 7.8). This enables the direct AUalstimation of hazards, of assets, of the vul-

t'Fa.ltlve comparison of the risks for the p“"? nerability assessments and in the modelling of
bility ranges which are covered by all three ris sses have to be taken into account. The un-
curves. certainties in the seismic hazard assessment
In the case of windstorm risk the curve wawere explicitly calculated (cf. fractiles in
calculated as a mean of the lower and uppEig. 7.4), while the ranges of different dis-
estimate shown in Table 7.2. A flood riskributions considered for the windstorm haz-
curve was constructed by combining the exard and the flood hazard provide a very rough
ceedance probabilities of discharges, the traffigst qualitative impression of their uncertain-
formation of discharges into water levels ases (Figs. 7.1 and 7.2). For the 100-year flood,
well as the relationship between water levébr example, the flood damage estimate dou-
and direct losses in Cologne. The seismides if the Gumbel type | distribution (Fig. 7.2)
risk curve was derived from damage scends-assumed. To overcome the uncertainty of the
ios for Cologne according to determined freflood frequency analysis it is necessary to sup-
quency distributions of vulnerability classes iplement the statistical analysis by hydrologic
the town, which were associated to certain hgarocess understanding and modelling. Thus,

im Original erschienen in: Scientific Technical Report STR 04/01, GeoForschungsZentrum Potsdam, Potsdam, 286-305, 2004.



301

10"

storms floods

Ej\ N 10% in 50 years

%
10°

2% in 50 years
arth quakze\

[

10"

annual probability of occurrence or exceedence

T T T T T T T T TTTT T T T T T
10 100 1,000 10,000 100,000

losses [million €]

Figure 7.8: Risk curves of the hazards due to windstorms, floods and earthquakes for the city

of Cologne considering losses at buildings and in the sectors private housing, commerce and

industry (reference year: 2000).

special care is required when comparing tliring the last decades. For occurrence levels
risk curves. smaller than about=10~3p.a., the course of

Nevertheless, repeated observations in the Iglz flood risk curve shows a drastical increase

years show that for higher occurrence probgl osses for decreasing occurrence probabili-

bilities the risk is clearly dominated by wing-1es due to the failure of the flood defenstsys-
. At the occurrence level of aboutl®

storms and floods. Due to the exposed Iocati&eﬁm

of Cologne at the River Rhine, the flood risk iﬁ.a. the earthquake risk curve exceeds that for
prevailing despite the large efforts in flood pro-OOds'_ So, earthquakes seem to be of at least
tection. It should, however, be recognised thggual |mportance. as floods risk for small ex-
actual damages of frequently occurring ﬂooocseedence probabilities.

will be smaller than estimated in this studyWhen interpreting the results it must be men-
The flood events of 1993 and 1995 showed thiined that the city of Cologne represents only
preparedness can considerably reduce daaminor fraction of the total area affected by the
ages (Wind et al., 1999). Effects of early warninderlying scenario events. This is true for all
ing, adaptive behaviour and private precautiotiiree natural hazards. For example, about 12 %
ary measures are, however, neglected in tbkthe German damages due to the flood events
present applied loss estimation. A better modal 1993 and 1995 occurred in Cologne. From
that accounts for these effects is recently ua-country-wide perspective windstorms play a
der development. The flood risk losses are folery important role due to the high frequency
lowed by the losses due to the frequent expof damages. In the period 1970-1998 75 % of
sure to medium sized windstorms. Cologne ithe economic damages were caused by wind-
self remained less affected by the strong storrstorms, followed by floods with 19 % (Mu-
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nich Re, 1999). Earthquakes are still very indue to the more frequent events. When us-
portant considering their high probable maxing EAD only the damage potential of extreme
mum loss potential. Altogether, the risk curvesvents with low probabilities is easily ignored.
demonstrate such relationships between los€&smplete multi-hazard risk curves allow to
and probabilities fairly well. evaluate the significance of different disaster

As opposed to the other two natural hazar&%oes better, to raise awareness for the various
studied here the earthquake risk can be spects of disaster mitigation, and to develop

sessed with sufficient reliability even for rel:[allor-made mitigation strategies.

atively small occurrence probabilities. This ifor concrete planning decisions and emer-
due to the distinctly longer observation periogency strategies, however, even more detailed
for earthquakes, as well as to the availabilityformation is needed. Maps which show the
of paleoseismological indications and geologpatial distribution of the hazard intensities,
ical strain data, which confirm the respectivexposed population and values, as well as ex-
occurrence rates, and well established distribpected losses due to various disasters in more
tion functions of upper bound earthquake magetail, have to be developed in the future. Fur-
nitudes (Grinthal and Wahlstrom, this issue)thermore, other hazards should be included in

Additionally, in Fig. 7.7 the probability Ievelthe assessment, if pertinent. Especially, the un-

of earthquake building codes (10% occurren grtalntles in the wholle_ chain of risk assess-
or exceedence within 50 years, correspondilqi‘ﬁent have to be quantified.

to 475 years mean return period ) is depicted

as well as the 2% level in 50 years (T=2,475).

The latter is more and more used for risk stu¢~1.7 Acknowledgements
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