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Abstract. Flood damage is on the increase due to a combi-the enforcement of building codes. Financial incentives
nation of growing vulnerability and a changing climate. This built into insurance contracts coupled with limits set on
trend can be mitigated only through significantly improved governmental relief programmes would provide an economic
flood risk management which, alongside the efforts of publicmotivation for people to invest in precautionary measures.
authorities, will include improvements in the mitigation
measures adopted by private households. Economically

“reasonable” efforts to self-insure and self-protect should be

expected from households before the government steps id Introduction

with publicly-funded relief programmes. To gain a deeper

understanding of the benefits of households’ precautionaryRecent floods in Germany have caused high economic
measures, telephone interviews with private home ownerglamages. For example, the 1993 and 1995 floods in the
were conducted in the Elbe and Danube catchments ifRhine catchmentarea caused total damages of 810 méljon
Germany after the floods of 2002 and again after the flood¢he 1997 flood on the Odra river lead to damages of
in 2005 and 2006. Only detached, solid single-family 330 million€, the Whitsun flood of 1999 in the Danube
houses were included in this study, which is based oncatchment caused damages of 412 mil@nthe damages
759interviews. In addition, market-based cost assessmengaused within Germany by the extreme flood event of
were solicited based on a “model building”. Expert August 2002 in the Elbe and Danube catchment amounted
interviews and a literature review — including catalogues and© 11.6 billion€ (Kron, 2004), while the August 2005 flood
price lists for building materials and household appliances -in the Danube catchment resulted in losses of 189 mifon
were used as back-up information for the cost assessment#) the federal state of Bavaria alone (LfU Bayern, 2006).
The comparison of costs and benefits shows that largdhe 2006 flood in the Elbe catchment caused damages
investments, such as building a sealed cellar, are onlyf approximately 100 million$ (Munich Re, 2009). The
economically efficient if the building is flooded very amountof damages arising from the 2010 flood in the Oder,
frequently, that is, if it is located in a high flood risk area. Neisse and Elbe catchments in Germany has not yet been
In such areas it would be preferable in economic termscalculated. Itis expected that flood damages will rise due to
not to build a new house at all — or else to build a house@ combination of an increase in vulnerability, mainly trough
without a cellar. Small investments, however, such as oil tankvealth accumulation in flood plain areas, changes in the
protection, can prevent serious damage at low cost. Suckerrestrial system, e.g., land cover changes, river regulation
investments are still profitable even if the building is flooded and a changing climate (e.g., Kundzewizc et al., 2005;
every 50years or less on average. It could be argued thdgrichton, 2008). A variety of conceptions and definitions
these low-cost measures should be made mandatory througH “vulnerability” exist and there is no widely agreed
understanding of this term within the academic community
(Thywissen, 2006). This study adopts the natural sciences-
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comprises two elements: exposure and susceptibility (MerBuildings without cellars are generally less expensive to
and Thieken, 2004; Department of Human Services, 2000)construct and are less affected by flooding, particularly in
Consequently, a significant cause of rising flood damages areases where only low water levels occur, e.g., during ground-
increased house values as well as an increase in residentialater flooding (Kreibich and Thieken, 2008). However, they
and commercial developments in flood-prone areas, leadinglso entail opportunity costs in the form of lower housing
to greater exposure for private households. In industrialisedjuality. Building a structurally flood resistant house, e.g.,
countries, this trend is due to the growing attraction of living using a specially stabilised foundation to protect against
near waterfronts, an efficient transport infrastructure and thedrift or buoyancy (i.e., lifting force) or sealing the cellar to
proximity of urban developments to flood risk areas. In make it waterproof, implies a considerable outlay. Moreover,
Germany, for example, communities with more than 5,000these measures may fail, especially during extreme flood
inhabitants are twice as likely to be located near a riverevents (MURL, 2000). Steel frame and brick buildings
(Borchert, 1992). Additionally, climate change may also betend to be less susceptible to collapse than other materials,
responsible for an increase in flood damages in some regionand waterproof drywalls will hold up over extended periods
In a Germany-wide study, Petrow and Merz (2009) identifiedof heavy inundation (USACE, 1996). Generally speaking,
spatially and seasonally coherent trend patterns for the periotmproving the stability of a building mitigates the damage
1951-2002 and suggested that the observed changes in flo@dused by buoyancy, water pressure and erosion, and may
behaviour were climate-driven. In contrast to this, Mudelseeprevent free-standing elements from being washed away.
et al. (2003, 2004) identified a decrease in winter flooding inMobile water barriers are another way to protect properties
their analysis of long-term discharge records at the Dresdemgainst inundation, but in order to be effective they need a
gauge on the Elbe river, while summer flooding showed noprior flood warning and time to be set up. The effectiveness
trend at all. On the basis of existing empirical trend studiesof sandbag barriers also depends on the number of rows
and scenario-based simulation studies, it must be concludednd the duration of the flood (Reeve and Badr, 2003). A
that flood hazards are currently changing and that largedetailed description of alternatives to non-reusable sandbags
changes are likely in the future. However, it is difficult to is provided by Bowker (2002). A further important measure
establish a precise estimate of the impact of climate changé to ensure the secure storage of oil and other hazardous
on extreme flood events (e.g., Smith, 1999; Schreider esubstances, e.g., in flood-proof fuel oil tanks (ICPR, 2002).
al., 2000; Hall et al., 2005; Svensson et al., 2006). AtTanks may float when the flood water level rises, and
present and with regard to the near future, the observedhey may also be damaged by water pressure. Containers
and projected significant increase in flood damages is driveimust, therefore, be tested to ensure that they are secure
largely by social factors, specifically increased exposureagainst buoyancy, and all openings (ventilation fittings, filler
(Barredo, 2009; Feyen et al., 2009; Hall et al., 2003). plugs) must have watertight closures. Damage from oil
The trend towards increasing flood damages can beontamination is often not confined to a person’s own home,
mitigated only through significantly improved flood risk but may also affect neighbouring buildings. In Germany, the
management which, in addition to efforts undertakenfederal states have laws stipulating that oil heating systems,
by public authorities such as technical flood protectionincluding oil tanks, have to be flood-proofed within flood
measures and increased natural retention, will also includgisk areas (e.g., VAWS-Baden-ikttemberg, 2005; VAWS-
improvements in the mitigation efforts adopted by private Hessen, 2006; VAwS-Bayern, 2008). Other precautionary
households (Hayes, 2004; Wynn, 2004). Risk reductionmeasures available to individuals are described, for instance,
activities by individuals include precautionary measuresin Holub and Hibl (2008), BMVBW (2002), Environment
taken in and around exposed buildings, preparatory measureésgency (2003a, b), FEMA (1998a, b) and USACE (1995,
such as collecting information about flood risk and flood 1996).
protection, participation in neighbourhood help, or buying Taking precautionary measures, prior to any cost-benefit
flood insurance. The following precautionary measures,calculus, demands self-reliant behaviour on the part of the
relating specifically to buildings, serve significantly to individuals potentially affected. Raschky (2008) highlights
mitigate damages in flood-prone areas (ICPR, 2002; ABIthe effects on human behaviour of the institutional frame-

2003; Kreibich et al., 2005): work and the incentives it sets. There are few laws (e.g.,
building codes) requiring homeowners to take precautionary
— building without a cellar, measures: most measures are voluntary (Heiland, 2002).
Previous studies have shown that experience of flooding is

— adapting the building structure, a significant factor in motivating people to take voluntary
precautionary measures (Grothmann and Reusswig, 2006;
— protecting properties using water barriers, Siegrist and Gutscher, 2006, 2008; Thieken et al., 2007).

For instance, it has been shown by Smith (1981) and Wind
— safeguarding from hazardous substances, e.g., prevenét al. (1999) that damage is reduced significantly only in
ing oil contamination. cases where people have had frequent and recent experience
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Table 1. Flood damage surveys: computer-aided telephone interviews with private households affected by flooding.

Characteristics Surveys

Date of survey: April and May 2003  November and December 2006  August and September 2007
Region(s): Elbe and Danube catchments in Germany City of Dresden
Flood(s): 2002 2005 and 2006 1967-2007

Number of households

interviewed: 1697 461 454

Number of detached, solid

single-family

houses (with cellar): 615 (472) 113(97) 31(30)
Reference(s): Thieken et al. (2007)  Kreibich and Thieken (2008), Kreibich et al. (2009)

Kreibich et al. (2010)

of flooding. In addition to recent flood experience, of all the streets affected with the help of information
awareness of living in a flood-prone area seems to bdrom local authorities (e.g., personal communication with
another decisive factor in taking precautionary measureshe administrative districts affected and with the city of
at home (Kreibich et al., 2005). Moreover, people tend Dresden), flood reports or press releases, as well as with the
to take private precautionary measures only if they arehelp of flood masks derived from radar satellite data (DLR,
informed of the possibility and believe in the effectiveness of Centre for Satellite Based Crisis informatiomyww.zki.caf.
the measures described (Grothmann and Reusswig, 2006JIr.de). This provided the basis for generating building-
Ultimately, from an economic point of view, individuals specific random samples of households. Computer-aided
need financial incentives before they will invest in self- telephone interviews were conducted using the VOXCO
protection. Such incentives can be provided either throughsoftware packagewiww.voxco.com. The SOKO institute
appropriately worded insurance contracts (Kleindorfer andfor social research and communicatiomw.soko-institut.
Kunreuther, 1999; Botzen et al., 2009; Holub and Fuchs,de) conducted the interviews in April and May 2003 and in
2009) or else through government finance schemes or aiGeptember 2007. The Explorare market research institute
geared towards enhancing self-reliance. The efficiency ofwww.explorare.dgconducted the interviews in November
spending, measured by the cost-benefit ratio, is an importardnd December 2006. In most cases, the person in the
benchmark for establishing what constitutes “reasonable’household with the best knowledge of the flood damage was
self-protection measures for households engaging in floodnterviewed. The first phase of the survey after the 2002
risk mitigation efforts. The objective of this study is to flood resulted in 1697 completed interviews. The second
quantify specifically the benefits and costs of precautionaryphase in 2006 resulted in 461 interviews, and the survey in
measures at household level and to analyse how thishe city of Dresden resulted in 454 completed interviews with
knowledge ties into people’s economic motivation to take private households affected by flooding (Table 1). All the
precautionary measures against floods. Only the mitigatiorquestionnaires addressed, among other things, the following
of direct economic losses is taken into account; the potentiatopics: precautionary measures, flood parameters (e.g.,
effects of precautionary measures on indirect and intangibleeontamination, water level), building characteristics and
damages are not addressed. flood damage to buildings and contents. Building damage
included all costs associated with repairing the damage
to the building structure, such as plastering, replacing
2 Data and methods broken windows and repairing the heating system. Contents
damage included all costs incurred through repairing or
In order to discover the benefits of private precaution inreplacing damaged contents, such as domestic appliances,
terms of averted flood damages, telephone interviews weréelephone and computer systems and furniture.  The
conducted with private households in the Elbe and Danubejuestionnaire contained detailed questions addressing not
catchments in Germany after the floods of 2002 and agaironly total damage but also the area affected per storey,
after the floods of 2005 and 2006 (Thieken et al., 2007;the damage ratio, the type and amount of the most
Kreibich and Thieken, 2008; Kreibich et al., 2010) and, expensive item damaged, and the type and costs of all
particularly, in the city of Dresden in August and Septemberbuilding repairs and all expensive domestic appliances
2007 (Kreibich et al., 2009; Table 1). Lists were compiled affected. This generated the most accurate information
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Cost calculations were made on the basis of precautionary
measures being implemented during the construction phase,
i.e., the cost figures are for new buildings only. The cost
calculations are based on tendered construction bids, expert
interviews and a literature review, including catalogues and
price lists for building and household appliances. The

Table 2. Model building for costing.

Building type Detached, solid
single-family house with
and without cellar

Property area (/. river adjacent) ~ 758 (10 m) economic efficiency of the measures is calculated by means
Floor plan 10mx 14m of a benefit-cost ratio, where the benefit of a measure during
Cellar area 65h its total life-time is related to its total costs, including
Thickness of base plate 25cm investment and maintenance. A benefit-cost ratio above
Thickness of exterior walls 25cm one means that the benefits are greater than the costs and
Thickness of cellar ceiling 20cm the measure is efficient. Since benefits and costs occur at
Ceiling height 2.50m different times, they are homogenised with an interest rate for
Cellar windows 4

a common reference date (here the end date). Two interest

rates are used here: 3%, which is recommended for flood

protection measures by the German Working Group on water

issues of the Federal States and the Federal Government
LAWA, www.lawa.d¢, and 4%, which is the long-term
arket rate.

Soil properties Clay

possible about the extent of damage, avoiding a strategi

response bias. Since many people claimed their damages Benefit-cost ratios are calculated for two different water

either from government funds or from their insurers, the o

. : : . depths, namely, flood situations where only the cellar
damage estimates are believed to be reliable. This was aIsI% affected and situations where the ground floors are
confirmed by a comparison of the damage data collected aftezglso affected. Additionally, three different hazard zones
the 2002 flood with official damage data from the Saxon " . R .
Bank of ReconstructionSachsische Aufbaubapkwhich (flood frequencies) are taken into account: buildings which

. LT ; are affected by flooding once a year, buildings which are

was responsible for administering governmental dlsaSteraﬁected once in 10years and buildings affected once in
assistance after the 2002 flood in the federal state of Saxong0 years
(Thieken et al., 2005). '

Only detached, solid, single-family houses were included
in this analysis of the benefits and costs of private precaus o cuits and discussion
tionary measures. This selection resulted in 759 datasetS
(Table 1). The homes’ median total area was 14q(mean:
157 n?) and the median area of the surrounding plot was
750 nf (mean: 1033r). Of these buildings, 599 had a
cellar and 160 were built without a cellar. The median cellar
area was 65fm(mean: 68r). These median values were
used to develop the “model building” for cost calculations
(Table 2). The buildings without a cellar were taken into
account only for the purpose of investigating the measur
“building without a cellar” (Sect. 3.2.1); for all the other
measures, only the single-family homes with a cellar wer

analysed.

3.1 Economic motivation behind households’
precautionary measures

From a microeconomic point of view, households’ decision
to self-protect against risky events is an optimisation
calculation. Ehrlich and Becker (1972) were the first
to formalise this decision in an abstract model setting.
e1’ransposed into an environment of natural risks, this model
would appear as depicted in Fig. 1. Figure 1 shows a
®household’s decision to utilize wealth in different states of

. . nature — with and without a natural hazard occurring. Let W1
Drawing on the approach used by Kreibich et al. (2005)’denote the “state of nature” without flooding and let W2 be

damage driductlon dge to tprelcgunonary measurﬁs W?ﬁwe “state of nature” where the damage-causing natural event
assessed Dy comparing actual damage cases where B%curred. Wealth can be shifted between states of nature

specific measure was taken with cases where the specifiﬁ means of precautionary measures taken. For example,
measure was not taken, regardless of other measures. Cast S (efficient) amount of private precaution *(Xcan be

of damage where only the cellar was affected were separatggeen as a spending of wealth in the “state of nature” of no

from the cases where the ground fl_oor was _also affgcted, II?Iooding (W) into the “state of nature” of a flood occurring

order to take into account the severity of the inundation. (W,). The household is saved from damages in state 2
The cost calculations were based on the following mOdeI(ﬂooding) by a spending of wealth in state 1 (no flooding) for

bUIIdln?l:4E(i) %etacdhed, S”O“d smglef—?g;{;)l/ homthde with alt(ital precautionary purposes. The efficient shift of wealth between
area o and a ceflar area o ocated on a piot  giates of nature — or, in other words, the efficient spending on

of 750 (for details see Table 2). precaution (X) — is defined by the damage avoided (E}L
relative to the spending of X Let W be the wealth that is
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W, (with damage)
A
S.
W |-\ 1
~— 14
X*
— 15
L* Governmental relief conditional upon “reasonable ’precaution
& Schroeder -Rule of (full) compensation
W L*-X*  from-mmmmmmmmmmmm e mm e
___________________________________ T 12
W-L O I
» W, (without damage)
W-X* W

Fig. 1. Basic economic model of precaution and governmental relief relating to damages caused by natural hazards.

available to the household in both states of nature (say, itbehaviour by the population potentially affected (in the
annual income). Xis a spending of wealth in the “state of sense of Raschky, 2008). An incentive-oriented way of
nature” of no flooding (W1) to protect wealth in the “state of equalising the wealth in both states of nature (with and
nature” of a flood occurring (W2). It mitigates the damageswithout flooding) would be to restrict governmental relief
which would occur without any private precaution (L) to the to an amount () reflecting an efficient level of precaution
level of flood protection (I). Thus, the household achieves (X*) or, in legal terms, making governmental aid conditional
a state of wealth of W-t-X* in the “state of nature” of a upon “reasonable” efforts by private households to self-
flood occurring. This is an improvement to the situation protect. In order to implement such “incentive-oriented”
without precaution (W-L). For this, the household has to policies as a means of economically motivating precaution,
spend precautionarily’X i.e., it has to accept a lower level of the regulator needs some empirical estimates of the costs and
wealth (W-X*) in the “state of nature” of no flooding as well. benefits of private precaution. Benefit-cost ratios of private
The efficient substitution of wealth in the situation without precautionary measures generally also come into play when
damages to the situation with damages is shown in Fig. Jbanks are involved in the financing of any such measures.
as the transition from point A to point B. Thus, the curve

through A and B shows the possibilities of transforming 3.2 Benefit from precautionary measures

spending for precaution into saved damages (transformation ) ) )

curve). The ultimate choice of precautionary measured recautionary measures applied to private homes are

taken by the household is made according to the goal 0pelieved to be effective mainly in areas with frequent, small-
maximizing household utility (U). The achievable levels of Scale floods (ICPR, 2002). However, many precautionary

utility are depicted by the convex indifference curves, which Puilding measures significantly reduced the flood damage
could be seen as level curves of utility. Indifference curves, ineven during the extreme flood event of August 2002 in the

fact, mark combinations of wealth in both “states of nature” EIP€ catchment (Kreibich et al., 2005).
(with and without flooding), which allow the same level of
utility (U). Therefore, higher indifference curves show higher

levels of utility, i.e., U(b) > U(l2) > U(l.). Constructing a single-family house without a cellar may
Obviously, the efficient amount of precaution*(Xaises  pe an efficient precautionary measure in flood-prone areas,
the utility of households (from Uf) to U(l2)). However, 55 pyildings without cellars are generally damaged less by
a mlsplaged promise of complete goyernmental relief afterfiooding. Such homes suffer no damages when homes with
natural disasters — as had been given, for example, by.g|iars are affected by low flood water. Thus, the average
former German Chancellor Schroeder after the 2002 ﬂOOdouiIding damages of 14382 and the average contents
on the river Elbe in his aid policy guidance ‘that nobody gamages of 909€ of single-family houses with cellars
shall be worse off after the flood — raises recipients’ utility coy|d be avoided completely in these cases (Fig. 2). In cases
levels to a higher level still, Ug), while at the same time  ith higher levels of flood water, where the ground floors
disincentivising any precautionary efforts and any self-reliant,yo e additionally affected, the building and content damages

3.2.1 Building without a cellar

www.nat-hazards-earth-syst-sci.net/11/309/2011/ Nat. Hazards Earth Syst. Sci., 32132911
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cellar only affected cellar only affected
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Fig. 2. Differences in building and contents damages between buildings with or without cellars, separated into cases where only cellars were
affected and cases where ground floors also were affected (bars = means, points = medians and 25-75% percentiles, significant difference

between the cases with/without cellar are indicated).

were also significantly reduced on average by 2380hd  achieved. Kreibich et al. (2005) also reported no impact on
by 4419€, respectively, where the single-family houses werecontents damage from this measure but a mean reduction of
constructed without a cellar compared with the ones with athe building damage ratio by 24%. In fact, in areas with great
cellar. The ICPR (2002) states that building without a cellarflood depth, this measure can be applied only to a limited
can reduce flood damage in the residential sector in Germangxtent, as the risk of buoyancy (or lifting force) of the flood
by between 300€ and 600G. A study conducted after water must be taken into account (Kelman and Spence, 2003;
the extreme flooding in 2002 reported a significant averageKreibich and Thieken, 2008). If flood waters rise to high
reduction of the damage ratios for buildings by 24% andlevels and the building is not protected against buoyancy, the
for contents by 22% in cases where only the ground floorcellar must be partly or entirely flooded with clean water
was affected in comparison with additional cellar damagein order to ensure stability. Thus the ICPR (2002) reports

(Kreibich et al., 2005). a damage reduction potential of between 75% and 85% of
such structural building measures, albeit always dependent

3.2.2 Adapting the building structure on the need to flood the cellar with clean water to preserve
stability.

The precautionary measure of building flood-proof adapta-
tions into the structure includes, for example, the construc-3.2.3 Water barriers
tion of an especially stable foundation or of waterproof,
sealed cellar walls with sealed piping. Unfortunately, Domestic flood water barriers such as sandbags, mobile
no separate information about these different methodglood walls and sealants for doors and windows are only
was acquired in the survey. One can only assume thagffective if they are able to withstand high water levels and
the buildings fitted with flood-proof adaptations that still if their impact is not negated by permeable cellar walls or
suffered losses in the cellar (when only the cellar wasopenings for utility pipes. It is not surprising then, that in
affected) probably had a stable foundation but no waterproofthe cases where only cellars were affected, flood barriers
sealed cellar. However, waterproofed tanking can also fail, oishowed no significant effect (Fig. 4). In the cases where
else water can enter through unprotected cellar windows oground floors were additionally affected, flood water barriers
unsealed openings for utility pipes. led to a significant average reduction in building damages
This measure showed a significant reduction in buildingof 23 491€. However, there was no significant impact on
damage: by 595€ on average if only the cellar was contents damages (Fig. 4). The ICPR (2002) states that
affected, and by 20 478 if the ground floor was affected as if the flood water does not flow over the water barriers,
well (Fig. 3). No significant contents damage reduction wasdamage is potentially reduced by 60-80%. The remaining
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cellar only affected cellar only affected
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Fig. 3. The influence of flood adapted building structure on building and contents damages, separated into cases where only cellars were
affected and cases where ground floors were affected as well (bars = means, points = medians and 25-75% percentiles, significant difference
between the cases with/without adapted building structure are indicated).

cellar only affected cellar only affected

25000 — - 25000
no significant difference no significant difference
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> @
£ 10000 & 10000 | 1
< 5000 | © 5000 I
0 T 0
available _not available available not available
water barriers water barriers
cellar and ground floor affected cellar and ground floor affected
100000 — 5 100000
significant difference no significant difference
@ 80000 @ 80000 |
@ a
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Fig. 4. The influence of water barriers on building and contents damages, separated into cases where only cellars were affected and case

where ground floors were affected as well (bars = means, points = medians and 25-75% percentiles, significant differences between the case
with/without water barriers are indicated).
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damage depends mainly on the damage potential of cellarsf 65 n? the alternative costs amount to 312 year. Since

and whether or not cellar walls are sealed and waterproofethese costs are expenses incurred annually, interest charges
(ICPR, 2002). During the extreme flood event of 2002, manydo not need to be considered.

of the water barriers that had been erected were overwhelmed Benefit-cost ratios are shown in Table 3. The construction
by the flood waters and, thus, had little to no effect. Still, of residential buildings without a cellar and renting alterna-
during this flood the damage ratio of buildings was reducedtive storage space is an efficient precautionary measure in
on average by 29% for the cases where water barriers werhkigh risk areas which are flooded once a year. However, in

in place (Kreibich et al., 2005). the long run, it is more expensive than having waterproofed,
sealed cellar walls when a low interest rate3@6) applies
3.2.4 Prevent oil contamination (Table 4). In lower risk areas it is more expensive to rent

alternative storage space than to accept the risk of rare flood
In the cases where no oil contamination occurred, buildingdamages in the cellar (Table 3).
damages were significantly lower on average: by 10@82
only cellars were affected and by 26 4&7f ground floors ~ 3.3.2 Waterproofed, sealed cellar walls — adapting the
were affected as well (Fig. 5). Surprisingly, contents damage building structure
was significantly reduced, by an average of 4€3bnly if ]
cellars alone were affected (Fig. 5). Generally speaking, oill "€reé aré two common methods for waterproofing cellar
contamination can cause damage to buildings that is thre&/@llS: (a) constructions with a waterproof skin (bitumen
times as great on average as without contamination and if€@ling); (b) waterproof concrete with concrete slabs and
particular cases it can even lead to total damage (Egli, 2002)vaterproof interstices. Both have an average lifetime of
For example, during the Whitsun flood of May 1999 in @bout 7Syears based on expert judgement (city of Vienna,
the region of Kelheim, Bavaria in the south of Germany, Persenal communication, 2008), depending on the load.
the mean damage to buildings amounted to 15622In Building a Waterproo_fed cellar using a construction with
cases where there was additional oil contamination, the meaft Waterproof skin (bitumen sealing) costs 46&1‘_@‘_2'
damage increased to 52 888(Deutsche Bckversicherung, according to the c_ons.tructlon bids tendered (Alpine Bau,
1999). As oil contamination is not confined to those P€rsonal communication). ~ These costs need to be
buildings where a domestic oil tank collapses or leaks, but®duced by the costs which arise anyway (that is, if a
may also cause damage to other properties, oil tanks in floogormal’, ”02'[ specifically Wategproofed cellar is built): i.e.,
risk-areas should be flood-proofed even if the individual cost-46°-10€ M minus 180€ m™=, resulting in difference

benefit ratios are below one. costs of 285.1€& m~2. Multiplying this figure by the 65 rh
of cellar floor gives rise to total costs for flood-proofing cellar
3.3 Cost-benefit of precautionary measures walls of 18 531.5@&. Given an average lifetime of 75 years,
annual costs are 4681.€2 or 2268€, depending on the
3.3.1 Building without a cellar choice of interest rate of 4% or 3%, respectively.

Building a cellar using waterproof concrete with concrete

. . . . : : 2
Building a (flood-proofed) cellar is generally cost-intensive Slabs and waterproof interstices costs S0%0a <. De-
(as detailed in the next section). Thus, it seems reasonabl@ucting the costs which arise anyway if a “normal” cellar

» . : < bui o i -2 -2 _
to construct buildings without a cellar in flood-prone areas,iS built, theizcalculatlon Is 505.36 m"©-180.00€ m™* =
particularly since buildings without cellars are also less 325.35€ m~2. For a cellar area of 65%rthis results in total

expensive to construct. costs of 21 147.7€. Given an average lifetime of 75years,
The costs of living without a cellar depend mainly on the @nnual costs are 5341';“ 258?'1&:’ depending on the

availability of alternative storage area. If there is enoughChoice of interest rate of 4% or 3%, respectively.

storage area in higher storeys, e.g., the attic, no costs are The average benefit per flood event of building structqre

incurred by this measure. In this case, building housesgdaptatlor_ls, e.g., Waterpr(_)of, sealed cellar walls_by tanking

without a cellar is always economically efficient, since only 1S 9956€ if only the cellar is affected, and 20 4#3if both

benefits result (mitigated flood damages (Fig. 2), perhapdl€ cellar and ground floor are affected (Fig. 3).

lower construction costs). If alternative storage area needs to "€ resulting benefit-cost ratios for the two different

be rented elsewhere due to a lack of space, opportunity Cosféonstruc;tlons possible for watgrproofed cellar tanking are

are incurred. Average rental prices for floor space provideShoWn in Table 4 for two different water depths and

an estimate of these opportunity costs. Rental prices fofhree different hazard zones (flood frequencies). For both

floor space are between 3 an€4n~2 (IHK Dresden, 2009) constructions, benefit-cost ratios are above one only for

depending on the location in the federal state of Saxony infrequent flooding once a year, regardless of the interest rate

Germany. Since having “a cellar in one’s own house” can beS€l€cted.

equated with being in a particularly attractive location, the

upper limit of 4€ m~2 is taken here. Thus, for a storage area
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Table 3. Benefit-cost ratios for the construction of residential buildings without a cellar.

Cellar only affected Opportunity costs:  Benefit per year  Benefit-cost ratio
annual rental prices (see Fig. 2)

Affected once a year 3120 23473€ 7.52

Affected once in 10 years 312 2347€ 0.75

Affected once in 50 years 312 469€ 0.15

Cellar and ground floor affected

Affected once a year 3129 28323€ 9.08
Affected once in 10 years 312 2832€ 0.91
Affected once in 50 years 312 566€ 0.18

Table 4. Benefit-cost ratios for the construction of waterproof, sealed cellar walls using tanking: (a) constructions with a waterproof skin
(bitumen sealing); (b) waterproof concrete tanking with concrete tanked slab and waterproof interstices.

Costs per year Benefit per year  Benefit-cost ratio
i.r.*4% ir.3% (see Fig. 3) ir.4% ir.3%

(a) waterproof skin (bitumen sealing) — cellar only affected

Affected once a year 4683 2268€ 5956€ 1.27 2.63
Affected once in 10years 46&1 2268€ 596€ 0.13 0.26
Affected once in 50years 46&1 2268€ 119€ 0.03 0.05
(a) waterproof skin (bitumen sealing) — cellar and ground floor affected

Affected once a year 4688 2268€ 20473€ 4.37 9.03
Affected once in 10years 46&1 2268€ 2047€ 0.44 0.90
Affected once in 50years 46&1 2268€ 410€ 0.09 0.18

(b) concrete tanked slab and waterproof interstices — cellar only affected

Affected once a year 5342 2588€ 5956€ 1.11 2.30
Affected once in 10years 5342 2588€ 596€ 0.11 0.23
Affected once in 50years 5342 2588€ 119€ 0.02 0.05

(b) concrete tanked slab and waterproof interstices — cellar and ground floor affected

Affected once a year 5342 2588€ 20473€ 3.83 7.91
Affected once in 10years 5342 2588€ 2047€ 0.38 0.79
Affected once in 50years 5342 2588€ 410€ 0.08 0.16
*i.r.=interest rate.
3.3.3 Mobile flood water barriers of 4% or 3%, respectively. For an average “model property”

of 750n?, 10m of property length are estimated to be
Mobile water barriers are used in a similar way to sandbags tdjacent to a river. Since mobile water barriers protect
prevent the intrusion of surface water during flooding. They against surface water only and are efficient only if their
are especially advantageous, since they are only used whempact is not negated by the presence of permeable cellar
necessary and are reusable. Purchasing a mobile barrier 1 @alls, it is hardly surprising that they are only economically
in height, including the necessary support, costs®}fer  efficient if the cellar and ground floor are affected by flooding
m (www.hochwasserschutz jeGiven an average lifetime (Table 5). Cost-benefit ratios are positive (above one) for

of 20years, annual costs of either 66&80r 55.10€ per  flood frequencies of once in 10 years or more often.
running metre arise, depending on the choice of interest rate
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Fig. 5. The influence of oil contamination on building and contents damages, separated into cases where only cellars were affected and case:
where ground floors were affected as well (bars = means, points = medians and 25-75% percentiles, significant differences between the case

with/without contamination are indicated).

Table 5. Benefit-cost ratios for mobile water barriers.

Cellar and ground floor affected Costs per year Benefit per year  Benefit-cost ratio

i.r*4% ir. 3% (see Fig. 4) i.rr4% ir.3%
Affected once a year 668 551€ 23491€ 35.17 42.63
Affected once in 10 years 668 551€ 2349€ 3.52 4.26
Affected once in 50 years 668 551€ 470€ 0.70 0.85

* i.r. =interest rate.

3.3.4 Preventing oil contamination by securing oiltanks 4 Conclusions

Oil tanks should be secured in all flood risk areas, not onlyThe rise in flood damages calls for significantly improved
because of the potential economic damages to buildingsiood risk management and greater self-reliance on the
and other assets but also due to the risk of ecologicabart of private households, including greater involvement
damage. The costs of doing so are 1@S9or a flood-  in mitigation measures. Economically “reasonable” efforts
proofed oil tank with a volume of 1500 litres which is secured to - self-insure and self-protect can be expected from
against buoyancy (Fachgemeinsch@ttvarme & Service, households in the face of rising damages, alongside increased
2008). Given an average lifetime of an oil tank of 30 yearsprotection by public authorities and governmental relief
(Fachgemeinscha®lwarme & Service, 2008), annual costs programmes. This study has looked at the efficiency of
arising are roughly either 169 or 82€ depending on the selected precautionary measures taken by private households
interest rate selected of 4% or 3%, respectively. Securing oikgainst floods. To summarise the findingsgeinvestments,
tanks is a measure that consistently shows a positive benefit.g., waterproofed cellars, are economically “reasonable”
cost ratio above one (Table 6), in contrast to large, expensivéf the building is located in a high risk area.Small
construction measures such as waterproofing cellar walls byhvestments, e.g., securing oil tanks, are economically
tanking (Table 4). “reasonable”, even if the building is flooded only once every
50years. The policy-related conclusions arising from these
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Table 6. Benefit-cost ratios for securing oil tanks.

Costs per year Benefit per year  Benefit-cost ratio
i.r*4% ir.3% (see Fig. 5) i.r.4% ir.3%

Cellar only affected

Affected once a year 108 82€ 15466€ 141.89 188.61
Affected once in 10years  1@® 82€ 1547€ 14.19 18.87
Affected once in 50years  1@® 82€ 309€ 2.83 3.77

Cellar and ground floor affected

Affected once a year 108 82€ 26447€ 242.63 322.52
Affected once in 10years  16® 82€ 2645€ 24.27 32.26
Affected once in 50years  1@® 82€ 529€ 4.85 6.45

* L.r.=interest rate.
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