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Abstract. Flood damage can be mitigated if the parties at
risk are reached by flood warnings and if they know how
to react appropriately. To gain more knowledge about warn-
ing reception and emergency response of private households
and companies, surveys were undertaken after the August
2002 and the June 2013 floods in Germany. Despite pro-
nounced regional differences, the results show a clear over-
all picture: in 2002, early warnings did not work well; e.g.
many households (27 %) and companies (45 %) stated that
they had not received any flood warnings. Additionally, the
preparedness of private households and companies was low
in 2002, mainly due to a lack of flood experience. After
the 2002 flood, many initiatives were launched and invest-
ments undertaken to improve flood risk management, includ-
ing early warnings and an emergency response in Germany.
In 2013, only a small share of the affected households (5 %)
and companies (3 %) were not reached by any warnings. Ad-
ditionally, private households and companies were better pre-
pared. For instance, the share of companies which have an
emergency plan in place has increased from 10 % in 2002
to 34 % in 2013. However, there is still room for improve-
ment, which needs to be triggered mainly by effective risk
and emergency communication. The challenge is to continu-
ously maintain and advance an integrated early warning and
emergency response system even without the occurrence of
extreme floods.

1 Introduction

In recent years, floods have caused high economic damage
in European countries. In Germany, for instance, the extreme
flood event of August 2002 caused 21 fatalities and finan-
cial losses of EUR 11 600 million (Thieken et al., 2006). In
June 2013, large-scale flooding caused 14 fatalities and fi-
nancial losses of around EUR 8000 million in Germany alone
(Thieken et al., 2016a). The economic damage from floods
has been increasing over the last decades, mostly due to in-
creasing exposure driven by societal factors like augmented
standard of living, wealth and population density (Barredo,
2009). This trend is likely to continue (IPCC, 2012; Jong-
man et al., 2014). For example, a 20-fold increase is expected
for the economic flood risk by the year 2080 in England and
Wales if flood risk management is not improved significantly
(Hall et al., 2005). In continental Europe, flood losses could
more than double by 2050 due to climate change and socio-
economic development (Jongman et al., 2014).

The recent damaging events and anticipated developments
have triggered calls for better risk reduction strategies. In
fact, flood risk management has become an important pol-
icy field in Europe. To ensure a consistent approach for bet-
ter assessment and management of flood risks in the whole
of the European Union, the European Floods Directive (EC,
2007; 2007/60/EC) came into effect in 2007. It requires that
member states conduct quantitative hazard and risk analy-
ses and develop risk management plans that are expected to
address a wide range of measures beyond structural flood de-
fences. Hegger et al. (2014) distinguish five flood risk re-
duction strategies: (1) loss prevention by an adapted use of
flood-prone areas; (2) risk mitigation by flood-adapted de-
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sign and use of buildings; (3) flood defence through struc-
tural protection measures; (4) preparedness for response, e.g.
using flood warnings and adequate responsive behaviour; and
(5) risk transfer mechanisms such as flood insurance to com-
pensate for flood losses. The Floods Directive reflects that
flood risk management has shifted from flood protection to
the more comprehensive approach of integrated flood risk
management (Merz et al., 2010; Bubeck et al., 2017).

While integrated flood risk management seems to be a
recent development, it has to be emphasized that — besides
structural measures — flood warning and emergency response
have a long history. For example, a first transboundary sys-
tem for the dissemination of alerts along the rivers was es-
tablished in central Germany in 1889 (Deutsch and Portge,
2001). Nevertheless, recent events such as the flood of 2002
revealed deficiencies in early warning as well as a huge lack
of general risk awareness, communication and preparedness
of at-risk households and companies (DKKYV, 2003). There-
fore, amendments of the warning and response system as
well as campaigns to improve risk communication and pre-
paredness were requested and have been implemented since
then (Thieken et al., 2016b).

Although early warning and emergency response typically
aim to protect human life as a first priority, their potential to
significantly reduce economic damage has been recognized
for a long time (e.g. Handmer et al., 1988; Thieken et al.,
2005a; Meyer et al., 2012; Molinari et al., 2013). However,
empirical studies on the effectiveness of early warning and
emergency response are rare. One early exception is pro-
vided for the flood in Lismore (Australia) in 1974: with a
lead time of about 12 h, damage in the residential sector was
only 50 %, and in the commercial sector it was only 24 %
of the economic damage expected without emergency mea-
sures (Smith, 1981). Another example is early warning and
response to flash floods in the city of Sondrio, Italy: there it
is estimated that responsive action led to a damage reduction
of about 10-25 % (Molinari et al., 2013).

Important factors influencing the effectiveness of emer-
gency response in reducing damage are the lead time, the
flood intensity and the ability of civil protection and af-
fected parties to undertake emergency measures effectively
(Handmer et al., 1988; Penning-Rowsell and Green, 2000;
Kreibich et al., 2007a; Molinari and Handmer, 2011; Moli-
nari et al., 2013; Mross et al., 2016). The longer the lead time,
the longer the time for undertaking emergency measures. For
shallow water levels, damage can be reduced easily by seal-
ing the affected building or by moving contents higher, e.g.
onto shelves or higher storeys (Rozer et al., 2016). If water
levels are higher than expected, water barriers will be over-
topped and the ingress of water can often not be prevented.
This is of course a question of how the flood hazard was as-
sessed for the property at risk and how the property-level pro-
tection was designed.

The ability to undertake effective emergency measures on
the property level is again dependent on different factors,
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e.g. on recent flood experience, preparedness and availabil-
ity of emergency plans (Thieken et al., 2007; Kreibich et al.,
2007b; Chinh et al., 2016; Morss et al., 2016). People who
have witnessed a flood recently tend to be better prepared
and tend to have a better idea of what to do when a warn-
ing reaches them (Wind et al., 1999; Yeo, 2002; Kienzler et
al., 2015). However, it should be noted that first response be-
haviour is not directed towards loss reduction but towards
cross-checking the warning by searching for further confir-
mative information (Creutin et al., 2009 cited by Parker and
Priest, 2012). After that, protective action is organized before
it is undertaken. To keep these first two steps as brief as pos-
sible, trust in the responsible early-warning institution, the
existence of an emergency plan as well as the understandabil-
ity and the information content of the warning are essential
(Kreibich et al., 2007b; Parker and Priest, 2012; Morss et al.,
2016). First loss-reducing measures include evacuation, safe-
guarding documents and valuables and moving vehicles to
higher ground. Subsequently, moveable household items are
put upstairs (Parker and Priest, 2012). Although some mea-
sures sound rather simple, Morss et al. (2016) highlight that
the decision process on what to do in the real flood situation
is rather complex. To support decisions, it is increasingly dis-
cussed to supplement warning information with information
about potential flood impacts (e.g. Coughlan de Perez et al.,
2015; Dottori et al., 2017).

Despite its importance, not much is known about flood
warning reception and emergency response from the perspec-
tive of affected parties. Thus, the objective of this compar-
ative study is to gain more knowledge on how and when
households and companies received flood warnings and how
they responded in 2002 and 2013. Although the flood of
2013 differed from the 2002 event in its flood characteris-
tics (Schroter et al., 2015; Thieken et al., 2016b), the affected
area was comparable (see Sect. 2). Hence, it provides the op-
portunity to evaluate the improvements in flood warning re-
ception and emergency response by affected parties. To bet-
ter understand the flood impacts, the next section briefly de-
scribes the two events. As background information, Sect. 3
summarizes the development of flood warning and response
in Germany, in general, and in the most affected federal
states (Bundesldnder), i.e. in Bavaria, Saxony and Saxony-
Anbhalt, in particular. In Sect. 4 the empirical data acquisition
is described. Results are presented and discussed in Sect. 5,
in general, and separated for Bavaria, Saxony and Saxony-
Anbhalt. Conclusions are drawn in the last section.

2 Event description and study area

In August 2002, flooding occurred in the Elbe and Danube
catchments, mainly in the federal states of Saxony, Saxony-
Anhalt and Bavaria. The city of Dresden on the Elbe River,
the Elbe tributaries in the Ore Mountains (Erzgebirge) and
the Regen River, a left-bank tributary of the Danube were
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Figure 1. Overview of municipalities where surveys were undertaken after the 2002 (a) and 2013 (b) flood events. Additionally visualized
are return periods of peak discharges (adapted from Schréter et al., 2015).

particularly strongly affected (Ulbrich et al., 2003; IKSE,
2004). Along some Elbe tributaries flood peak discharges
exceeded the 500-year return period (IKSE, 2004; Engel,
2004); see Fig. 1. Along the Elbe River return periods var-
ied between 150 years at Dresden (Upper Elbe) and 25 years
at the Lower Elbe upstream of Hamburg. At the Regen River
return periods of 100 to 300 years occurred (Ulbrich et al.,
2003).

The occurrence of severe floods in summer in central Eu-
rope is often coupled with large-scale weather patterns pro-
ducing widespread rainfall (Bardossy and Filiz, 2005; Petrow
et al.,, 2009). The flood in August 2002 was caused by a
Genoa Cyclone Type Vb weather system which moved warm
and moist air masses of Mediterranean origin in an arc to-
wards northern/eastern Europe resulting in heavy precipita-
tion. In this process the largest rain amounts, which often
exceeded 100 mm within 72 h, were observed in eastern Ger-
many. Similar amounts were also recorded in the Bavarian
and Bohemian forests as well as along the Alpine foothills. A
record-breaking amount of daily precipitation was measured
in Germany; i.e. 312 mm within 24 h was reported for 12—
13 August 2002 at Zinnwald-Georgenfeld in the Ore Moun-
tains (Ulbrich et al., 2003). This extremely intense precip-
itation in the Ore Mountains resulted in an immediate run-
off response producing flash floods, for instance at the rivers
Mulde, Weileritz and Schwarze Elster with peak discharges
observed on 13 August 2002, that formed within only a few
hours. These flash floods led to a critical isolation of valleys
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and municipalities in the Ore Mountains and caught those
affected in the middle of the night (DKKYV, 2015).

During the August 2002 flood numerous dyke failures
occurred, affecting areas where people believed to be safe
due to technical flood protection measures in place (Kuh-
licke, 2015). In Saxony, 131 dyke breaches or overtoppings
occurred, 16 along the Elbe River and 115 in the Mulde
catchment. The flood caused 21 fatalities and 108 peo-
ple were injured; in total, 330000 people in eight federal
states in Germany were affected (EM-Dat, 2015). Emer-
gency response evacuated 35 000 people in the city of Dres-
den and 60000 people in the federal state of Saxony-
Anhalt (DKKYV, 2015). The overall financial loss amounted
to EUR 11 600 million (Thieken et al., 2006). Before Au-
gust 2002, the last severe flood in the Elbe river occurred
almost 50 years ago in 1954 (Fugner, 2003; Pohl, 2004).
Hence, flood awareness was comparatively low in Sax-
ony and Saxony-Anhalt. This situation was different in the
Danube catchment, where flooding had occurred only a few
years before in December 1993 and was particularly severe
in May 1999, which was reflected in people’s awareness and
preparedness (Thieken et al., 2007).

In June 2013, large-scale flooding affected almost all main
river basins in Germany (Merz et al., 2014; Schroter et al.,
2015). Particularly severe flooding occurred along the Elbe
River and its tributaries Saale and Mulde in the federal
states of Saxony, Thuringia and Saxony-Anhalt and along
the Danube River in the federal state of Bavaria. Return pe-

Nat. Hazards Earth Syst. Sci., 17, 2075-2092, 2017



2078

riods of peak discharge exceeded 100 years at many gauges
along the Elbe River from Dresden to Lenzen as well as in
the Mulde and Saale catchments; see Fig. 1. Along a reach of
350 km along the Elbe River between Coswig and the weir at
Geesthacht, as well as along the Saale river, record-breaking
water levels were registered (Merz et al., 2014; BfG, 2014).
In Passau, the highest water level since 1501 was observed
due to the superposition of the flood waves from the Inn and
Danube rivers (Bloschl et al., 2013).

In May 2013, a quasi-stationary upper-level trough over
central Europe triggered several surface lows which on the
eastern side advected warm and humid air masses from
south-eastern Europe (Grams et al., 2014) northwards and
curved into Germany and Austria (Schréter et al., 2015).
The intense and widespread precipitation that triggered the
June 2013 flood occurred at the end of May and beginning
of June. This heavy rainfall was produced by a cut-off low
that moved slowly with its centre from France (29 May) over
northern Italy (30 May) to eastern Europe (1 June). The most
intense precipitation occurred in the Danube catchment in
the alpine areas of southern Bavaria and northern Austria.
For example, at the gauging station Aschau-Stein of the Ger-
man Weather Service in the Chiemgau Alps a rainfall total
of 346 mm within 72 h was registered (Schréter et al., 2015).
This spatially extended, but not extraordinarily high, precip-
itation in combination with high antecedent catchment wet-
ness was the main driver of the June 2013 flood (Merz et al.,
2014; Schroter et al., 2015). Accordingly, the development of
the June 2013 flood was less dynamic than the August 2002
flood but more widespread. The 2013 flood developed over
several days. The extreme water level in Passau occurred on
3 June (Bloschl et al., 2013; BfG, 2014). In the Elbe River an
elongated flood wave developed with peak discharges occur-
ring on 6 June in Dresden and 11 June in Geesthacht (BfG,
2014), carrying huge volumes of water with unusual simul-
taneous discharge contributions from the Elbe, Mulde and
Saale catchments (Conradt et al., 2013).

In June 2013 fewer dyke failures occurred than in August
2002, namely five breaches in the Saxon part of the river
Elbe and 24 failures along the river Mulde (DKKYV, 2015).
Still, three breaches of dramatic dimensions occurred: near
Deggendorf at the Danube River, near Gro3 Rosenburg at
the confluence of Saale and Elbe rivers and near Fischbeck
at the Elbe River (Merz et al., 2014). The flood caused 14 fa-
talities, 128 people were injured, and in total 600000 peo-
ple were affected in 12 federal states in Germany (EM-Dat,
2015; Thieken et al., 2016a). Emergency response services
had to provide for more than 80 000 evacuations. Major ac-
tivities were required on 10 June 2013 mostly in Saxony-
Anhalt with 40 000 evacuations as entire villages and urban
districts were affected (DKKYV, 2015). However, in 2013, dis-
aster response organizations had fewer life-threatening situ-
ations to cope with and affected people had more time for
emergency measures. The overall financial loss estimates
sum up to EUR 8000 million (Thieken et al., 2016a).
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After 2002, floods occurred in 2005, 2006, 2010 and 2011
in the Danube and Elbe catchments (Kienzler et al., 2015).
Thus, due to this increased flood experience and intensive
risk communication campaigns after 2002, residents and
companies were highly aware of the flood risk and better
prepared, as already demonstrated for the smaller flood of
2006 (Kreibich et al., 2011). We therefore hypothesize that
the warning reception and emergency response were more
efficient in 2013.

3 Background: flood warning in Germany

A successful flood warning system consists of several inter-
acting components: (1) continuous monitoring and forecast-
ing of weather patterns, particularly precipitation, and wa-
ter levels; (2) detection of potentially hazardous situations;
(3) definition and implementation of rules on when, how
and whom to warn in case of rising flood water levels and
what to communicate in order to activate organizations in
charge of civil protection as well as potentially affected peo-
ple; and (4) an adequate and effective response to the unfold-
ing flood situation (e.g. Parker et al., 1994; Parker and Priest,
2012). Hence, a flood warning system is more adequately
addressed as a flood-forecasting, warning and response sys-
tem (FFWRS; Parker and Priest, 2012). In a FFWRS, several
organizations have to collaborate and information has to be
communicated, disseminated and interpreted correctly along
a chain of different stakeholders, including the general pub-
lic, which opens the door for many pitfalls that reduce the
system’s overall efficiency. Consequently, redundancies are
seen as an important principle at all levels (Parker and Priest,
2012). The FFWRS’s different components have to be devel-
oped, maintained, institutionalized and aligned to ensure a
proper functioning of the whole system. If one element fails,
the whole system is very likely to fail. So, the interaction be-
tween the single components needs special attention.

In the 1990s, many European FFWRS often underper-
formed because warning dissemination and response were
unsatisfactory (Parker and Fordham, 1996). Since then, re-
search on and implementation of FFWRS have been consid-
erably augmented. A survey conducted by the European En-
vironment Agency revealed that 70 % of European countries
have planned or implemented improved flood information
and forecasting systems (EEA, 2007). However, investments
in the development of meteorological and flood-forecasting
systems were often undertaken without adequately account-
ing for the communication and dissemination of warnings
(Griinewald et al., 2001). Considering the human factors and
social issues of communication and behaviour involved in a
FFWRS, improvements of data and forecasting models do
not necessarily lead to reduced losses (Parker and Priest,
2012). Another recent review confirms these evaluations and
concludes that “despite substantial technical progress, major
challenges remain to achieve the potential benefits of flood
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early-warning systems, in particular in communicating risk
information and early warnings to emergency services and
the population at risk and consequently trigger response ac-
tions” (Cools et al., 2016: p. 117). It is therefore recom-
mended to tailor FFWRS to the available resources in order
to run and maintain models and to integrate (local) knowl-
edge of the potentially affected parties, which increases the
adequacy and understanding of issued warning levels (Cools
et al., 2016). Trust is seen as an important asset for partner-
ships along the warning chain as well as for the acceptance
of warnings and the response by the general public (Parker
and Priest, 2012; Cools et al., 2016; Morss et al., 2016). As
background information, this section summarizes how the
FFWRS is organized in Germany, how it performed in 2002
and 2013 and what changes were implemented between these
two events.

In Germany, the meteorological service (Deutscher Wet-
terdienst — DWD) is a federal authority under the Federal
Ministry of Transport and Digital Infrastructure. By law,
DWD is responsible for weather monitoring and forecasting
as well as for detecting extreme weather situations across the
whole country and issuing appropriate warnings when nec-
essary. Extreme weather situations are, however, restricted
to meteorological phenomena such as heavy rainfall. Conse-
quently, additional services are needed for flood forecasting
and warning. All water issues, as well as civil protection and
emergency management, are the responsibility of the fed-
eral states (Bundesldnder). Consequently, the organization of
flood forecasting and warning, as well as the organization of
the civil protection, differs throughout Germany and further
challenges the functioning of a FFWRS.

In August 2002, a preliminary warning of a rainstorm was
issued on 11 August 2002 in the early afternoon by DWD.
This was updated to a rainstorm warning by midnight. Fur-
ther updated warnings were issued from 12 to 14 August
2002. However, a substantial increase in run-off already oc-
curred on 12 August 2002. Particularly in small catchments
of less than 300 km? where flood forecasting heavily depends
on prompt and precise precipitation forecasts and a reliable
rainfall run-off model, a lot of warnings were assessed as
having arrived too late. In addition, warnings were too impre-
cise, since the expected rainfall amount was underestimated
(see von Kirchbach et al., 2002 and DKKYV, 2003 for further
details).

With regard to hydrology, it has to be acknowledged that
there were more than 200 flood alert and forecasting gauges
in the catchment of the river Elbe in 2002 (IKSE, 2001).
However, during the flood many gauges, particularly on the
Elbe tributaries, failed due to severe inundation or power
black-outs. At some places forecasts were issued when the
actual run-off had already exceeded the forecast levels. At
others, e.g. along the river Mulde, forecasts from different
centres were not consistent (von Kirchbach et al., 2002). In
2002, the flood-forecasting model for the Elbe River was
based on a regression analysis of discharges and used dis-
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charges at upstream gauges as input data. Since water levels
in 2002 reached heights for which neither the rating curves
nor the regression models were defined, the forecasts were
erroneous, leading to overestimations of the maximum flood
heights of up to 50 cm, which lead to unnecessary stress and
emergency measures in some places downstream.

As far as alerts were concerned, some flood reports were
delayed at intermediate stations and reached the civil pro-
tection agencies too late. An analysis of deployment reports
showed that different authorities responsible for civil protec-
tion, relief organizations and support units did not cooperate
but primarily acted in an organization-oriented and resource-
driven way. Altogether, the analysis revealed four structural
failings (DKKYV, 2003; Thieken et al., 2005b):

poor relations between different responding organiza-
tions,

— dominance of self-orientation and a lack of orientation
towards the situation as a whole and to superior pro-
tection objectives (manifested by a lack of knowledge
about the qualification and equipment of other organi-
zations, missing consideration of complementary equip-
ment or activities),

— weaknesses of the authorities in civil protection to as-
sess knowledge, motivation, capabilities and capacities
of the individual organizations, and

— isolation and centralization of the operative—tactical
subsystem, making innovations difficult.

In conclusion, integrated early-warning systems from mon-
itoring to the reaction of the affected parties were insuffi-
ciently developed in 2002. Maintenance and upgrading of
models and systems to the latest technologies, as well as
more efforts to provide up-to-date and reliable input data
for the forecast models, were hence recommended (DKKYV,
2003). Further, communication of warning messages and co-
ordination of response capacities needed to be revised.

By June 2013, progress in the technical systems including
the dissemination of warnings was discernible at all levels
(DKKY, 2015). The DWD has improved all numerical fore-
cast models; e.g. the European forecast model that can be
used 3 days before the actual event has been implemented on
a 7km grid; forecasts are updated every 6 h. The Germany-
wide forecast model COSMO-DE has been implemented on
a 2.8 km grid and is updated every 3 h, providing a 27 h fore-
cast. Further, uncertainty assessments by ensemble simula-
tions as well as updated and more differentiated warning
thresholds were introduced. Warnings are currently dissem-
inated by various media including web-based services. The
DWD has teamed up with emergency response units in the
districts and (regional) flood-forecasting centres that use pre-
cipitation forecasts as one main input for their rainfall run-off
models (DKKY, 2015).
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With regard to flood warnings, far-reaching cross-
departmental and transnational collaboration across the fed-
eral states have been achieved. In some federal states, includ-
ing Saxony and Saxony-Anhalt, flood forecasting and warn-
ing were reorganized after 2002 into one forecasting centre
following the single-voice principle. In Saxony, the reorgani-
zation also included a redefinition of dissemination and com-
munication pathways. Further, feedback loops were estab-
lished to avoid interruptions of the alerting process (DKKYV,
2015). Similarly, Saxony-Anhalt established a flood forecast-
ing centre in 2008. Bavaria holds a central flood monitor-
ing and warning centre that also collects the forecasts from
decentralized forecasting units in different catchments. All
federal states have established a state-specific web portal
on which the general public can access information about
the flood situation. In addition, a joint internet portal (http:
/lwww.hochwasserzentralen.de) was established by all fed-
eral states to allow a country- and basin-wide assessment of
the flood situation, which had been impossible back in 2002
(DKKY, 2015). In general, a survey among the upper wa-
ter authorities revealed that flood forecasting and warning is
seen as an essential part of flood risk reduction by 10 out of
12 participating states (DKKYV, 2015) and consequently re-
ceives considerable attention and resources.

In 2013, precipitation and run-off forecasts were in gen-
eral precise and were issued well in advance of actual in-
undations (e.g. DWD, 2013; DKKYV, 2015). In some places
there were, however, inaccuracies in the rainfall forecasts
that propagated to the run-off forecasts. Occasionally, the
all-clear signal was given too soon or an overload of the IT
systems occurred, so that the exchange of data and its on-
ward transmission were compromised. For instance, Saxony-
Anbhalt reported difficulties like system breakdowns (DKKYV,
2015), which were mainly due to the more severe flood situa-
tion in 2013. The middle reaches of the river Elbe were more
heavily affected in 2013 than in 2002 and the river Saale was
additionally impacted, which was not the case in 2002. The
timely and reliable identification of levee breaches and their
effects on the flood situation downstream as well as on the in-
undation of the hinterland was difficult, especially in Bavaria
and Saxony-Anhalt (DKKYV, 2015; Thieken et al., 2016b).
Based on these findings, it has been recommended that rain-
fall forecasts should be further improved and that rainfall
run-off models should be expanded, especially with regard to
a common appraisal of uncertainties and inclusion of failures
of protective structures. Altogether, a comprehensive com-
munication along the warning chain was largely achieved in
2013, but continuity, redundancy and capacity of the techni-
cal systems and staff must be guaranteed to keep this level of
performance (Thieken et al., 2016b).

Despite some very challenging situations, the overall
emergency management was significantly more effective in
2013 than in 2002. Collaboration within and among differ-
ent disaster response organizations has clearly benefited from
the coordination of the Joint Reporting and Situation Cen-
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tre (GMLZ) that was established after the 2002 flood. Ad-
ditionally and from transnational exercises, e.g. the biennial
transnational crisis management exercise LUKEX, which
strongly contributed to a high-performance capacity of the
emergency response (DKKYV, 2015).

4 Surveys and data

Computer-aided telephone interviews (CATI) were con-
ducted with private households and companies which had
been affected by the 2002 or 2013 floods in Germany (Ta-
ble 1). The household survey on the 2002 flood was restricted
to the federal states of Saxony, Saxony-Anhalt and Bavaria,
and the company survey was restricted to Saxony. The sur-
veys on the 2013 flood were not restricted with respect to
federal states. Interviews were undertaken in the whole of the
flood-affected area. For all surveys, lists of affected streets
were compiled on the basis of information from affected dis-
tricts or municipalities, flood reports and press releases, as
well as with the help of flood masks derived from satel-
lite data (DLR, Center for Satellite Based Crisis informa-
tion, https://www.zki.dlr.de/). These provided the basis for
generating property-specific random samples of households
and companies. Property-specific means that only one house-
hold or company was interviewed per address. The tele-
phone numbers were generally retrieved from the public tele-
phone directory or the commercial telephone directory (yel-
low pages). For the survey on the 2002 flood, households and
companies from the list of telephone numbers were sampled
randomly. For the survey on the 2013 event, a comprehen-
sive survey was conducted, i.e. all the researched telephone
numbers were contacted. An impact on the results due to this
difference is not expected.

For the surveys of companies, additional effort was un-
dertaken to identify and interview large companies. Flood
reports and press releases were analysed and experts were
interviewed to find additional large affected companies. Af-
ter the 2002 flood, large companies were interviewed sepa-
rately in May 2004 (Table 1). After the 2013 flood all com-
panies irrespective of their size were interviewed in one cam-
paign between May and July 2014. Due to this sampling
procedure, the selection of companies was not representa-
tive, since it seemed more important to cover a broad range
of companies in terms of size and sector. The person in the
household or in the company with the best knowledge of the
flood damage was always interviewed. To ensure a consis-
tent comparison, only data from private households in Sax-
ony (2002: n =977; 2013: n =523), Saxony-Anhalt (2002:
n=271; 2013: n =593) and Bavaria (2002: n =449; 2013:
n =239) and data from companies in Saxony (2002: n =415;
2013: n =197) were analysed in this study (Table 1).
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All questionnaires addressed a broad range of topics: flood
impact (e.g. water depth, contamination), flood warning,
emergency measures, evacuation, cleaning up, characteristics
of and damage to household contents and buildings, charac-
teristics of and damage to company assets (buildings, equip-
ment, goods, products or stock, etc.), recovery, precautionary
measures, flood experience and awareness as well as socio-
economic variables/characteristics of the company (sector,
number of employees, etc.). Each topic was addressed with
a number of questions. Most questions were closed, i.e. a list
of possible answers was given (with either a single answer
or multiple answers possible). For instance, for the ques-
tion “How did you become aware of the imminent flood
hazard for your company?” a list of possible answers was
provided with multiple answers possible: public authority
warnings; warnings by neighbours, friends, relatives, staff or
other; general transregional media coverage; own observa-
tions. Thus, flood warning is treated in a broad sense, includ-
ing official and unofficial warnings and even own observa-
tions.

In some questions people were asked to assess qualitative
or descriptive variables on a scale from 1 to 6, where 1 de-
scribed the best case and 6 described the worst case. The
meanings of the end points of the scales were given to the
interviewee. For instance, in response to the question “Did
you know how to protect yourself and your household from
the flood, before the flood became imminent for you?” peo-
ple should state a number between 1 for “it was completely
clear to me” and 6 for “it was completely unclear to me”. The
intermediate ranks could be used to graduate the evaluation.
For a few questions, open-ended answers were requested.

To avoid errors as much as possible, only meaningful an-
swers were accepted by the system. Wherever possible, an-
swers were cross-checked; e.g. if the reported outside storage
area was larger than the reported area of a premise, the inter-
viewer was informed about this contradiction and prompted
to clarify the situation. Per analysis, cases with missing val-
ues were excluded. Further details on the surveys and the
data processing are published by Thieken et al. (2007, 2016a,
2017), Kreibich et al. (2007b) and Sieg et al. (2017). Answers
provided to questions mainly related to flood warning and
emergency measures are analysed for this study. Indicators
of the warning source, warning content and effectively per-
formed emergency measures were calculated as described in
Thieken et al. (2005a, 2007).

5 Results and discussion

5.1 Warning reception by private households and
companies

To respond to an upcoming flood, people need to be alerted

through warnings or their own observations. To gain knowl-
edge of the warning situation in Germany in 2002 and 2013,
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private households and companies were asked “How did you
become aware of the imminent flood danger?” The responses
show that in 2002 a total of 27 % of households and even
45 % of companies stated that they had not been warned at
all and had not been aware of the flood danger before the
flood reached them. In 2013, this fraction dropped to 5 % of
private households and 3 % of companies (Table 2). How-
ever, regional differences, which could only be investigated
for private households, were large: the overall picture is dom-
inated by the results from Bavaria and Saxony where 29 and
32 % of households respectively, had not been aware of the
imminent flood danger in 2002. In 2013, this fraction was
significantly smaller with 4 and 3 % respectively. In con-
trast, in Saxony-Anhalt, located on the middle reaches of the
Elbe river, only 67 % of households had not been warned
or not been aware of the flood danger, with no significant
difference between the two floods (Fig. 2). Warnings by pub-
lic authorities were most important for becoming aware of
the flood danger (Fig. 2). In 2002, 32 % of respondents in
Bavaria, 36 % in Saxony and 81 % in Saxony-Anhalt indi-
cated that they had received a warning by public authori-
ties. In 2013, this fraction was significantly higher in Bavaria
(66 %) and Saxony (55 %) but significantly lower in Saxony-
Anhalt (61 %) (Fig. 2). It is interesting that the fraction of
private households who became aware of the flood via their
own observations increased significantly from 2002 to 2013
in all three investigated federal states (Fig. 2). This might be
due to an increase in awareness and preparedness after 2002
(Kreibich and Thieken, 2009; Kreibich et al., 2011; Kienzler
et al., 2015). With rather minor differences between the two
flood events, warnings by neighbours, friends and relatives as
well as the general transregional media coverage also played
arole in warning private households (Fig. 2).

Also, for companies, flood warnings by public authori-
ties played a considerable role during the floods of 2002
and 2013 (Fig. 3). However, in 2002, only 7 % of the sur-
veyed companies received warnings from public authorities
that had been directed specifically at the company and 16 %
received general public authority warnings. In 2013, these
fractions were considerably higher at 37 and 49 % respec-
tively. However, during both floods (even strongly increasing
from 2002 to 2013) most companies also became aware of
the flood through their own observations. Additionally, it is
important to warn companies through warnings by staff, rel-
atives and others as well as through the general transregional
media coverage (Fig. 3).

The private households that had received a warning by
public authorities were additionally asked what informa-
tion the warning contained (Fig. 4). It is interesting that
only about a third of the warnings contained information
about emergency measures, with no significant difference
between the flood events. Thus, there is quite some poten-
tial for improving emergency communication to better sup-
port and trigger private damage reduction efforts. Most often
the warnings contained information about peak water levels

www.nat-hazards-earth-syst-sci.net/17/2075/2017/
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Table 2. Information of all interviewed private households from Bavaria, Saxony and Saxony-Anhalt together (federal state specific infor-
mation is provided in Figs. 2, 5 and 7) as well as from interviewed companies in Saxony.

Sector Private households in Bavaria, | Companies in Saxony
Saxony and Saxony-Anhalt
2002 2013 2002 2013

(n=1697) (n=1355) | (n=415) (n=197)
Fraction of interviewed households/companies
— that had not received any flood warning and were not aware 27 % 5% 45 % 3%
of the imminent hazard before the flood reached them
— for whom it was completely clear what to do when the warn- 14 % 44 % na* na
ing reached them
— for whom it was completely unclear what to do when the 29 % 14 % na na
warning reached them
— that had never experienced a flood before the respective event 78 % 39 % 75 % 6%
— that had not implemented any emergency measure 17 % 6 % 33% 1%
— that could have implemented (more) emergency measures if 51% 24 % 74 % 25 %
they had been warned earlier
Average (median) time spent on emergency measures (h) 13 (5) 31 (20) 13 (5) 22 (16)
Average (median) number of people involved in emergency 4(3) 6(4) 16 (6) 16 (10)
measures

* na = question was not asked.

o
>

Public authority warning and/or calls for evacuation

Share of surveyed households [%]
30 40 50 60 70 80 90

Warning by neighbours, friends, relatives

General-trans-regional media coverage

Own observation (weather, river, etc.)

No warning

o

1

Saxony 2002 (n = 977)

Not specified

———g

IR Saxony 2013 (n=523)

Saxony-Anhalt 2002 (n = 271)
[ Saxony-Anhalt 2013 (n =593)

‘ - Bavaria 2002 (n = 449)
‘ Bavaria 2013 (n = 239)

Figure 2. Answers of the interviewed private households in Bavaria, Saxony and Saxony-Anhalt in response to the question of how they
became aware of the imminent flood danger (* indicates significant differences (p <0.05) between 2002 and 2013).

(with a significantly higher frequency in 2013 in compari-
son with 2002 in Saxony and Saxony-Anhalt) and about ar-
eas at risk (with a significantly lower frequency in 2013 in
comparison with 2002 in Bavaria and Saxony-Anhalt). Many
warnings also contained information about evacuations, with
a significantly higher frequency in 2013 in comparison with
2002 in all three federal states investigated (Fig. 4).

Since the response to warnings is believed to be strongly
dependent on the warning lead time, private households and

www.nat-hazards-earth-syst-sci.net/17/2075/2017/

companies were also asked how many hours before the flood
reached their house had they become aware of the flood dan-
ger. For both flood events there are large differences between
regions; i.e. warning times were between 1h and 14 days
(data not shown). The average warning time in August 2002
was shortest in Bavaria at 17h, and longest at the middle
reaches of the Elbe River in Saxony-Anhalt at an average of
90 h (Table 3). In 2002 in Saxony, private households indi-
cated an average lead time of 23 h and companies indicated
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Share of surveyed companies [%]
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Targeted public authorlty warning
to company

General public authority waring

Warning by staff, relatives, other M

General-trans-regional media
coverage

Own observation

No warning

Not specified _ ‘ ‘ ‘

[ Saxony 2002 (n=415) NI Saxony 2013 (n = 188)

1!

Figure 3. Answers of the interviewed companies in Saxony in re-
sponse to the question of how they became aware of the imminent
flood danger.

Warning contained Share of surveyed households [%]

information about... 0 10 20 30 40 50 60 70 80
‘ | | | | |

Peak water level

|

Evacuation *

Undertaking emergency measures

W )
Bavaria 2002 (n = 144)
Other I Bavaria 2013 (n=157)

Saxony 2002 (n = 348)
IS Saxony 2013 (n = 290)

Saxony-Anhalt 2002 (n = 220)
[N Saxony-Anhalt 2013 (n = 359)

Don't know/not specified E

Figure 4. Information content of official flood warnings received by
private households in Bavaria, Saxony and Saxony-Anhalt (* indi-
cates significant differences (p <0.05) between 2002 and 2013).

an average lead time of 20 h. In June 2013, lead times were
significantly longer in Bavaria (average of 22 h) and Saxony
(averages of 42 and 40 h for households and companies re-
spectively). This increase in lead times might be explained by
the improvement in the early-warning systems (see Sect. 3)
as well as by less severe flash floods in 2013 in comparison
with 2002 in Saxony and Bavaria (see Sect. 2). In Saxony-
Anbhalt lead times were significantly shorter in 2013 at an
average of 42 h in comparison with 2002 (Table 3), reflecting
the more severe situation at the Saale River and the middle
reaches of the Elbe in 2013 in comparison with 2002 (Merz
et al., 2014; BfG, 2014).

The significant improvement in the warning situation, with
significantly more affected parties reached and longer lead
times, in Bavaria and Saxony probably has three causes:
firstly, the flood warning systems in Germany have been
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Table 3. Mean (median) lead times indicated by private households
and companies.

2002 (h) 2013 (h)
Private households in Bavaria*® 17 (8) 22 (16)
Private households in Saxony-Anhalt* 90 (96) 42 (24)
Private households in Saxony™ 23 (10) 42 (24)
Companies in Saxony™ 20 (8) 40 (36)

* Significant difference between years.

significantly improved after 2002 (Thieken et al., 2016b;
DKKY, 2015), secondly, people and companies had more
flood experience and were more aware of the flood risk
(Kreibich and Thieken, 2009; Kienzler et al., 2015), so that
they became aware of the imminent flood danger via their
own observations more often and earlier and thirdly, the flood
characteristics differed. In August 2002, severe flash floods
occurred in the Ore Mountains, whereas the flood event in
June 2013 developed slowly over several days (Conradt et al.,
2013; Schréter et al., 2015). In contrast, in Saxony-Anhalt
problems with warning system breakdowns occurred and the
flood situation was aggravated in 2013 in comparison with
2002 (DKKY, 2015). As a result, slightly fewer people were
warned and lead times were shorter in 2013 in comparison
with 2002 in Saxony-Anhalt.

5.2 Emergency response by private households and
companies

Early warning can only be effective if the people at risk
trust the warning and know what to do when they receive
a warning. Preparedness and recent flood experience seem
to support the implementation of effective emergency mea-
sures (Kreibich et al., 2007b; Thieken et al., 2007). The flood
experience differed strongly between the two flood events:
in 2002, 78 % of interviewed private households and 75 %
of companies stated that they had never experienced a flood
before. In 2013, these fractions were only 39 and 6 % re-
spectively (Table 2). Additionally, check lists are helpful
for the implementation of emergency measures for private
households, indicating what should be done and which things
should be available in case of an emergency, and emergency
plans and regularly undertaken emergency exercises are use-
ful for companies (Kreibich et al., 2007a, b). The share of
companies which had an emergency plan in place before the
flood increased from 10 % in 2002 to 34 % in 2013 (Table 4).
The share of those who had undertaken emergency exercises
before the flood had increased from 4 to 14 % (Table 4).
However, in this respect there is still room for improvement.

Households who had received a warning through public
authorities were asked whether they knew how they could
protect their household from the flood. In 2002 only 14 %
of the interviewed households stated that it was completely
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Table 4. Information by the company respondents from Saxony on their preparedness for and the effectiveness of emergency measures

implemented.

Fraction of interviewed companies that 2002 2013
(n=415) (n=197)

— already had an emergency plan before the flood 10 % 34 %

— already conducted flood emergency exercises before the flood 4% 14 %

— were able to protect their equipment in its entirety or the most 19 % 65 %

important part thereof

— were able to protect their goods, products and stock in their 17 % 62 %

entirety or the most important part thereof

— were able to protect their vehicles in their entirety or the most - 84 %

important part thereof™*

* Question asked only for 2013 flood.

clear to them what to do when the waning reached them; in
2013 this fraction was 44 % (Table 2). In contrast, in 2002,
29 % of the interviewed households stated that it was com-
pletely unclear to them what to do when the waning reached
them; in 2013 this fraction dropped to 14 % (Table 2). In-
creased flood experience and improved risk communica-
tion, e.g. via information campaigns, presumably contributed
to this development (Kienzler et al., 2015; Thieken et al.,
2016b). However, there are some regional differences: there
is no significant difference between the knowledge about
emergency measures of private households in 2002 and 2013
in Bavaria (Fig. 5). This is in accordance with previous find-
ings that revealed that households in Bavaria already knew
what to do when warnings reached them in 2002, primar-
ily due to their recent experience with the flood in 1999, in
contrast to households in the Elbe catchment (Thieken et al.,
2007).

Households and companies who had not undertaken any
emergency measures were asked for their reasons (Fig. 6).
The most often stated reason (irrespective of event and re-
gion) was that it had been too late to do anything, which
stresses the importance of flood warnings and sufficiently
long lead times. In 2002 it was additionally problematic that
nobody was at home and that company properties could not
be reached due to disrupted roads, which hardly played a role
in 2013. It was already discussed in earlier studies that this
lack of availability in 2002 was influenced by the fact that the
flood happened during the summer holiday season in August
(Thieken et al., 2007) and that severe damage to infrastruc-
ture had occurred (Kreibich et al., 2007b). More than 750 km
of rural, county and state roads as well as 585 bridges were
damaged in Saxony in 2002 (IKSE, 2004). Additionally, the
flood hazard was underestimated. Many stated that they did
not think the flood would become so severe, which was par-
ticularly the case in 2013 in comparison with 2002.

In 2013 considerably more private households and com-
panies implemented emergency measures and put more effort
into emergency measures in comparison with 2002 (Table 2).

www.nat-hazards-earth-syst-sci.net/17/2075/2017/
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Figure 5. Answers of the households that had received a public au-
thority warning, in response to the question whether they knew how
to protect themselves and their household from the flood. Knowl-
edge was significantly different (p <0.05) between 2002 and 2013
in Saxony and Saxony-Anhalt (not in Bavaria).

In 2002, 17 % of private households and 33 % of compa-
nies had not implemented any measures, in comparison with
2013, when only 6 % of households and 1 % of companies
had not implemented any emergency measures (Table 2). In
2002 private households and companies had on average 4 and
16 people involved in emergency measures respectively and
spent on average 13 h on emergency measures. In 2013, on
average 6 and 16 people were involved and spent on aver-
age 31 and 22 h on emergency measures by households and
companies respectively (Table 2). However, regional differ-
ences exist, which were only investigated for private house-
holds: the overall picture is dominated by the results from
Bavaria and Saxony where 21 and 17 % of households re-
spectively had not implemented any emergency measures in
2002 (Fig. 7). In 2013 these fractions were only 8 and 3 %
respectively. In contrast, in Saxony-Anhalt, i.e. in the mid-
dle reaches of the Elbe catchment, only 8 % of households
had not implemented any emergency measures in 2002 and
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Share of surveyed households/companies [%]
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Other Bavaria 2013 (n = 20)
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Figure 6. Reasons stated by households (a) and companies (b) in response to the question of why they had not performed any emergency

measures (multiple answers possible).

2013 (with no significant difference between the two floods;
Fig. 7).

Private households most commonly implemented the fol-
lowing emergency measures, irrespective of the flood event:
“safeguard documents and valuables”, “drive vehicles to
flood-safe place” and “put movable contents upstairs/to safer
place” (Fig. 7). Less common are the measures ‘“protect
building against inflowing water”, “switch off gas/electricity,
or was centrally switched off”” and “secure oil tanks etc.”. Be-
sides emergency measures like protecting equipment, goods,
etc., as well as protecting vehicles (Table 4), companies
also undertook other measures like setting up water barriers,
mainly using sandbags and the deployment of pumps as well
as securing any other movable items (data not shown).

In the case of the 2002 flood, 51 % of households and
74 % of companies stated that they would have been able
to implement (more) emergency measures if they had been
warned earlier; in 2013 these fractions were only 24 and 25 %
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respectively (Table 2). This means that in 2002, most sur-
veyed households and companies had too little time to im-
plement emergency measures, while in 2013 most of them
had sufficient time. This probably also influenced the fact
that in 2013 the perceived effectiveness of the implemented
emergency measures of private households and companies
was generally rated higher in comparison with 2002. Fig-
ure 8 presents the self-perceived effectiveness reported by
the surveyed households on a scale after the flood event; i.e.
it shows an evaluation by flood-affected people concerning
how much damage was prevented through a specific mea-
sure. The effectiveness of most emergency measures imple-
mented in 2013 in Saxony and Saxony-Anhalt received sig-
nificantly higher ratings than the ones implemented in 2002
(Fig. 8). In 2013, far more companies were also able to pro-
tect the most important parts of their equipment as well as
of goods, products, etc. (Table 4). In contrast, in Bavaria
the perceived effectiveness of the emergency measures was
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Figure 7. Overview of the emergency measures undertaken by the interviewed households in Bavaria, Saxony and Saxony-Anhalt (semi-open
question, multiple answers possible, * indicates significant differences (p <0.05) between 2002 and 2013).

similar for both flood events (Fig. 8). Generally, “safeguard
documents and valuables” and “drive vehicles to flood-safe
place” were perceived as the most effective measures. Other
measures were perceived to be slightly less effective; with
respect to their effectiveness ratings these are in decreas-
ing order: “switch off gas/electricity”, “secure oil tanks etc.”,
“put movable contents upstairs/to safer place” and “protect
building against inflowing water”. The measures “safeguard
documents and valuables” and “drive vehicles to flood-safe
place” were implemented very often by households and their
effectiveness was rated very high (Figs. 7 and 8). Unfor-
tunately, a previous study revealed no damage-reducing ef-
fect of these emergency measures even when implemented
very effectively (Thieken et al., 2005a). The highest damage-
reducing effect of very effectively implemented emergency
measures was shown for “protect building against inflowing
water” and “install water pumps” (Thieken et al., 2005a).
Generally it is assumed that more emergency measures
can be implemented in an effective way when lead times are
long, flood intensity is low and when the affected parties are
well experienced and prepared (Penning-Rowsell and Green,
2000; Molinari and Handmer, 2011; Mross et al., 2016). To
investigate such possible links, the Spearman rank correla-
tions between the indicator of effectively performed emer-
gency measures and other parameters are calculated (Ta-
ble 5). Generally, correlations are relatively weak, all below
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0.45. For companies in 2013 no significant correlations exist
probably due to the small sample size and high heterogeneity
of the data. Still, the warning parameters quite clearly show
the highest correlations with effective emergency measures,
with the most important parameter being the lead time, fol-
lowed by the source of the warning and the information con-
tents of the warning. Additionally, the efforts undertaken for
emergency measures, i.e. time spent and number of people
involved, are also relatively strongly correlated with effec-
tively performed emergency measures. Surprisingly, flood in-
tensity and preparedness parameters are less correlated with
effectively performed emergency measures (Table 5).

6 Conclusions

The comparison of warnings received and emergency mea-
sures undertaken by private households and companies be-
fore and during the 2002 and 2013 flood events generally
show a clear improvement. Thus, the various initiatives and
high investments undertaken to improve flood risk manage-
ment after 2002 in Germany were successful. The warning
reached significantly more affected parties and reached them
with longer lead times in 2013 in comparison with 2002. In
addition, the share of official warnings by public authorities
which reached the affected parties increased from 2002 to
2013. The marked decline of affected parties who had not re-
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are significantly different between years (p<0.05)

Figure 8. Self-perceived effectiveness of undertaken emergency measures by interviewed households in Bavaria, Saxony and Saxony-Anhalt

(1 means very effective and 6 means not effective at all).

ceived any warning and the increases in lead times are prob-
ably due to the improvements in the warning systems, in-
creased risk awareness and preparedness and the fact that
in 2013 the evolution of the flood event was clearly less
dynamic than in 2002. In 2013 most surveyed households

Nat. Hazards Earth Syst. Sci., 17, 2075-2092, 2017

and companies had sufficient time to implement emergency
measures, illustrating that increasing the lead times is no
longer a pressing issue, except for flash floods. Only about a
third of the warnings contained information about emergency
measures, with no significant difference between the flood
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Table 5. Rank correlation (Spearman’s rho) between the indicator of effectively performed emergency measures and other parameters (only

coefficients significant at the 0.05 level and > 0.1 are shown).

Private households ‘ Companies
Parameters 2002 2013 2002 2013
(n=1697) (=1355) | (n=415) (n=197)

Flood intensity Water depth (cm) - - —0.18 -

Perceived flow velocity (0 = still to —0.13 - na* -

6 = very high velocity)

Flood duration (h) 0.14 - - -
Warning Warning source (indicator) 0.28 0.11 0.24 -

Warning information (indicator) 0.26 0.12 na na

Lead time (h) 0.40 0.15 0.42 -
Effort for emergency  Time spent on emergency measures (h) 0.37 0.28 0.31 -
measures Number of people involved in emergency measures 0.18 0.20 0.15 -
Preparedness Emergency plan available (yes/no) na na - -

Frequency of undertaking emergency exercises na na 0.12 -

Perceived knowledge about self-protection - -0.21 na na

(1 ="“completely clear what to do” to 6 = “completely

unclear what to do”)

Number of floods experienced before event - 0.14 0.11 -

* na means that the question was not asked.

events. Thus, emergency communication should be improved
and the link between early warning and emergency response
should be strengthened. The general boost in information and
awareness campaigns after the flood in 2002 has probably
supported an improved knowledge of households and com-
panies about how they can protect themselves against flood-
ing. Furthermore, increased flood experience played a signif-
icant role. This became apparent in the amount of emergency
measures implemented as well as in the self-evaluation of
their effectiveness by private households and companies. In
the case of companies the increase in available emergency
plans and regularly conducted emergency exercises points
to an increased preparedness. However, particularly with re-
spect to emergency plans and exercises there is still room
for improvement. Probably, integrating companies and pri-
vate households into transnational exercises, like the biennial
transnational crisis management exercise LUKEX in Ger-
many, could significantly improve preparedness and support
an effective realization of an emergency response by affected
parties.

Some regional differences are apparent: in Saxony, sig-
nificantly more affected parties were alerted, and lead times
were significantly longer in 2013 in comparison with 2002.
Additionally, significantly more households and companies
had implemented emergency measures and evaluated these
to be significantly more effective in 2013 in comparison with
2002. In Saxony-Anhalt, the warning situation was already
relatively good in 2002, so that no significant improvements
were apparent with respect to the fraction of households

www.nat-hazards-earth-syst-sci.net/17/2075/2017/

reached by warnings as well as to the lead time. The more
severe flood situation in 2013 in comparison to 2002, how-
ever, challenged the system, which should be accounted for
in future efforts to advance underlying models and the IT
system, as well as to employ enough and well-trained per-
sonnel that are capable to cope even with long-lasting events.
In Bavaria, in 2002 households had recent flood experience
due to a severe flood event in May 1999 and were relatively
well prepared. Thus, hardly no significant difference in the
perceived effectiveness of undertaken emergency measures
were apparent between 2002 and 2013 in Bavaria.

Floods may become more frequent and more extreme in
several regions due to the effects of climate change, which
implies that floods may increasingly affect areas with no or
little prior flood experience. Thus, the challenge is to contin-
uously maintain and advance integrated early-warning sys-
tems. This includes keeping preparedness high and support-
ing effective emergency response by affected parties even
without prior flood experience and the push of extreme
events (Kreibich et al., 2017). To further increase lead times
and support an effective response, rainfall and flood fore-
casts, particularly in flash flood areas, should be further im-
proved and complemented with uncertainty and impact as-
sessments (Thieken et al., 2016b; Dottori et al., 2017). Ef-
fective and harmonized risk and emergency communication,
e.g. via combining hazard and risk information with infor-
mation on adequate risk-reducing behaviour, can help to mo-
tivate behavioural precaution, to keep preparedness of res-
idents and company owners high and to support effective

Nat. Hazards Earth Syst. Sci., 17, 2075-2092, 2017
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emergency response. Risk information campaigns should in-
clude the set-up of flood marks, compilation and dissem-
ination of hazard and risk maps, creative educating ideas,
as well as the communication of precautionary and coping
strategies (Thieken et al., 2016b). Since information require-
ments and response capacities vary, certain subgroups (e.g.
homeowners, tenants, companies of different size and eco-
nomic sectors) should be identified and addressed by tai-
lored information and media. However, suitable incentives
would additionally be helpful for triggering preparations like
the development of emergency plans or undertaking regu-
lar emergency exercises. Generally, the implementation of
an integrated early warning and emergency response concept
has advanced after recent flood events and now more efforts
should be undertaken to continuously improve and maintain
it.
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