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1. Context and goals of this study

1.1. Project ¢ ontext

Heavy rain events are a major environmental risk in Europe: they can hit any location with only very short
warning time. Every year people die, thousands lose their homes, and environmental damages like water
pollution occur. And the risks of heavy rain events are increasing all over Europe. In the project RAINMAN,
partners from 6 countries have joined to develop and test innovative methods and tools for the integrated
management of heavy rain risks by local, regional & national public authorities. These will be included in
the RAINMANToolbox, a set of five transferable tools and methods for municipalities and regional
stakeholders.

One of these tools is a risk reduction tool to select and implement heavy rain risk mitigation measures. The
tool will include a catalogue of risk reduction measures in specific situation and guidance for the application
and implementation of the measures.

The other tools support stakeholders e.g. in assessment and mapping of heavy rain hazards and risks as well
as awareness raising and stakeholder involvement. Furthermore, a catalogue of good -practise examples
from all partner countries for the integrated reduction of heavy rain risks will be set  -up.

1.2. Goals

This Scoping Study summari zes approaches in each of t
regarding pluvial floods and measures that enable flood risk reduction. The study is also includes EU
legislation providing a basic frame work, which is further developed in each country on national and/or
regional levels.

The present document comprises of the scoping study on the collection and development of risk reduction
measures. It represents the basis for the development of the risk r eduction tool to select and implement
heavy rain risk mitigation measures.

The goal of this scoping study is to provide an overview on the main existing legal frameworks and
catalogues of measures in the partner countries and the EU. Hence, the scoping st udy builds a common
knowledge basis within the project partnership in the field of risk reduction measures. Nevertheless, the
content described cannot be exhaustive as no common approach or catalogue exists in the different partner
countries.

With the scoping study, the starting point for the development of a joint catalogue of risk reduction options
and management measures is set which will be tested in the pilot activities. The catalogue will be tested
and specified in the pilot regions and will be an in tegral part of the RAINMAN toolbox.

1.3. Approach and structure

The study was developed in close cooperation with the project partners (Austria, Croatia, Czech Republic,
Germany, Hungary and Poland). The basis of this study is a survey sent out by the Project Partner 5 (VUV
T.G.M., Czech Republic), where project partners were asked to provide information on the legislation
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regarding pluvial floods, governmental attitudes towards pluvial floods and available risk reduction
measures (structural and non-structural).

Chapter 2 focusses on the |l egislation concerning pluvi
also a section that focusses on European legislation. The third chapter describes the basis for the
development of a catalogue of risk reduc tion measures and possible classification.

In the annex, a collection of risk reduction measures from each partner countr y is provided. This annex was
added to complete the picture of existing tools and measures to mitigate negative consequences of heavy
rain events.

2. Legislation concerning pluvial floods

This section summarizes the answers given by project partners on the legislation in their countries on pluvial
floods. We list the laws considered of most importance in each country. For some countries this includes
limitations of the present law noted by the respective project partners.

2.1. EU

European legislation regarding floods is defined in DIRECTIVE 2007/60/EC of the European parliament and of
the council of 23 October 2007 on the assessment and management of flood risks. The flood problem is
mainly focused on fluvial floods. Pluvial floods are mentioned only marginally in Article 10  -11:

Throughout the Community different types of floods occur, such as river floods, flash floods, urban floods
and floods from the sea in coastal areas. The damage caused by flood events may also vary across the
countries and regions of the Community. Hence, objectives regarding the management of flood risks should
be determined by the Member States themselves and should be based on local and regional circumstances.

Flood risks in certain areas within the Community could be considered not to be significant, for example in
thinly populated or unpopulated areas or in areas with limited economic assets or ecological value. In each
river basin district or unit of management the flood risks and need for further action fi such as the

evaluation of flood mitigation potential fi should be assessed.

The Flood directive mainly focuses on fluvial flood. As mentioned in Article 11 all ty pes of floods which
might occur under regional conditions should be assessed and suitable tools should be used.

2.2. Austria

In Austria, the main law that deals with pluvial floods is the Water Right Act 1959 (Wasserrechtsgesetz 1959,
WRG). The WRG covers flod risk management and water management planning. Further pluvial flooding is
covered in the Forestry Law 1975 and the Hydraulic structures Promotion Act (WBFG 1985).

Austria is a federal republic with different legislation in its federal states. The Austr  ian federal state is
Styria is one of the project partnerds and | egislation
(LGBI. Nr. 49/2010), Styrian Construction Law (LGBI. Nr. 61/2017), Styrian Structural Engineering Order

2015 (LGBI. Nr. 126/2015), Styrian Disaster Relief Law (LGBI. Nr. 61/2017). The Program for the flood -proof
development of settlement areas 2005 (LGBI. Nr. 117/2005) is planned to soon include pluvial floods as well.
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During the first implementation cycle of the Flood directi  ve 2007/60/ES, pluvial floods were not considered
decidedly. However, during the second implementation cycle pluvial flood already were already considered
during the preliminary flood risk assessment and the identification of areas of potential significant flood risk
by expert judgement. Therefore, flow paths and their entry point in settlement areas have been considered.

In Austria, no general method for the identification and mapping of pluvial hazards exists. However, in the
recent years several federal states have started pilot actions in order to map pluvial flood risks. Therefore,
different methods and software tools have been used with different accuracies. Basically, the end results
have been indicative hazard maps (e.g. rollingball -method, GlS-analysis). In individual cases hydrodynamic
models have been tested for small areas.

2.3. Croatia

In Croatia, the legislative framework addressing the problem of pluvial floods in Croatia is composed of:

A Water Act (Official Gazette (OG) 153/09, 63/11, 130/11, 56/13 , 14/14) in the part concerning the
definition of floods and authority to specify and implement pluvial flood risk reduction measures in
Croatia (on the national level).

A Under the Water Act, in accordance with the derogations permitted by the Directive, f  loods from public
sewerage systems imply floods caused by sewerage syst
are not covered by flood risk management. With that remark in mind, the Water Act regulates all the
activities related to the reduction  of pluvial flood risks both in urban and in rural areas.

A Water Management Financing Act (OG 153/09, 90/11, 56/13, 154/14, 119/15, 120/2016, 127/2017)
regulates the matter of financing flood risk management activities.

A Utility Management Act (OG 36/95, 70/ 97, 128/99, 57/00, 129/00, 59/01, 26/03, 82/04, 110/04, 178/04,
38/09, 79/09, 153/09, 49/11, 84/11, 90/11, 144/12, 94/13, 153/13, 147/14, 36/15), according to which
the municipal services of wastewater collection and treatment include  storm water drainage.

In Croatia, the reduction of pluvial flood risks is under the competence of Hrvatske vode, whereas urban
drainage (storm water drainage from urban areas) is regulated by a number of regulations, with the
competence divided between Hrvatske vode and munici pal service companies in charge of storm water
drainage.

The Croatian River Basin Management Plan (RBMP), with the Flood Risk Management Plan (FRMP) as its
integral part, deals with pluvial floods with the exception of urban drainage.

The RBMP 20162021 consists of two components of river basin district management:

A Component |: Water status management, substantially complying with the provisions of Article 36 of the
Water Act;

A Component II: Flood risk management, substantially complying with the provision s of Article 112 of the
Water Act.

Component Il contains the conclusions of the Preliminary Flood Risk Assessment (PFRA), the description of
flood hazard and flood risk maps, the flood risk management objectives and the programme of measures to
achieve such objectives, including preventive measures, protection, preparedness, flood forecasting and
alert and warning systems, aimed at reducing the potential adverse consequences of floods on human health
and safety, valuable goods and assets, and the aquatic a nd terrestrial environment.
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Based on the Water Act, storm water drainage (i.e. management of storm water risks) is planned on the
national level when it concerns storm water drainage from agricultural areas. Storm water drainage (i.e.
management of pluvial flood risks) in urban areas is under the competence of municipal service companies

in charge of storm water drainage (combined sewerage and direct urban drainage); boundary channels and
other similar water engineering solutions related to the protection o f urban areas are planned, built and

maintained on the national level.

2.4. Czech Republic

In the Czech Republic, legislation concerning pluvial floods includes the following Acts:
A Act No. 254/2001 Coll., on Waters ,

The Water Act determines hydrological event s, which might be considered as a flood. There are no exact
parameters defined for pluvial flood but it is stated that pluvial flood is one of the possible flood events:

Floods for the purposes of this Act means a transient significant increase of water le vel of the
watercourses or other surface waters where water is already flooding out of the watercourse and can cause
damage. Flooding is also a condition where water can cause damage by failing to temporarily drain from a
certain area or its runoff is insu fficient, or flooding the area with concentrated drainage of rainwater. The
flood can be caused by natural phenomena, particularly melting, rainfall or ice (natural flood), or other
influences.

The Act also describes and determines all the issues concerning flood events like, flood plain area, risk
management, prevention measures, flood plans, forecasting and warning system, flood evaluation, flood
authorities their responsibility and so on.

There are other acts which are link to events like pluvial floods but they are mainly focused on emergency
management and rescue system:

A Act No. 238/2000 Coll., on the Fire Rescue Corps,

A Act No. 239/2000 Coll., on the Integrated Rescue System,

A Act No. 240/2000 Coll., on Crisis Management,

A Act No. 12/2002 Coll., on State assistance in the renewal of areas affected by a natural or other disaster.

In term s of pluvial floods there is a method which is used on national level. This method, also called
Method of Critical Points (CP), is a repeatable process able to identify are as, which are significant in
terms of formation of surface run off and erosion. In addition to the preliminary flood risk assessment
according to EU Directive 2007/60/ES on the Assessment and Management of Flood Risks, the presented
methodology was applied for the entire area of the Czech Republic. A total of 9,261 critical points were
chosen for the whole Czech Republic which have a greater (unknown) probability of occurrence of
negative impact of torrential rain flooding. The overall area of contributory a  reas of selected critical
points in relation to built -up areas in CZ is 18,112.2 km2, which represents 23% of all land in the whole
country. The results are available on the www. povis.cz portal.

For the districts in question this provides information on pl aces where concentrated surface runoff can
be expected to infiltrate built -up areas, and on what property may be at risk in the event of torrential
rain. Local and national government have thus gained the basis for preparation of landscape planning
and development. In the second round of planning (according to Directive 2007/60/EC ), which ended in
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2015, this basis was used in drawing up chapter V.2.3.3 Danger of torrential rain flooding in individual
plans of partial catchment basins.

2.5. Germany

Regulations of the Flood Directive 2007/60/ES were transposed into German national law through the
Federal Water Act (Wasserhaushaltsgesetz, WHG) in 2010. Pluvial floods or flash floods were not explicitly
incorporated by name into WHG but implicitly recognized under t he gener al term oflood
inundation of land not normally covered by water by surface waters in 8§ 72 WHG. In the first
implementation cycle of the directive, assessment and mapping was done for areas with potential
significant flood risk (§ 75 WHG). For the second cycle of implementing the flood risk management directive,
different types of floods shall be included. The risks driving from of heavy rain events are hereby considered

as being a general risk, but not a significant one. The main reason for this approach is that heavy rain events
and subsequent flooding can occur everywhere and identifying significant risk areas is hence not possible or

at least at the moment suitable data, methodologies and approaches are lacking. According to the Fe deral
State Water Consortium (Bund/Lander -Arbeitsgemeinschaft Wasser, LAWA) an assessment and mapping of
heavy rain risks is only possible on the local level (Bund/L&nder-Arbeitsgemeinschaft Wasser, 2017).

In 2018, LAWA published a heavy rain risk strategy, summarising background knowledge available in the
German Feder al and Statesd admini st level$of adminigratidn. Whidef i ni n g
future implementation of heavy rain risk management measures is clearly addressed to local administrative

level, responsibility of state and federal level is stated for supportive and strategic measures. Responsibility

is also given to property owners (Bund/Lander-Arbeitsgemeinschaft Wasser, 2018). According to § 37 Par. 1

WHG the natural drainage of water should not be interfered or increased if there are disadvantage for lower

or higher lying properties or g eneral changes of runoff.

Further German acts address pluvial floods or are important when thinking about measures which may help
to reduce heavy rain risks in urban and rural areas:

The Federal Building Code (Baugesetzbuch, BauGB) addresses in § 1 Par6 (8) the prevention of flooding
(explicitly including flooding after a heavy rainfall) as issue for urban land -use planning. §8 1a Par. 5 (BauGB)
requires climate protection via land -use planning. Measures for flood prevention are justified by this,
because they are considered as a consequence of climate change.

Furthermore, the Federal Regional Planning Act (Raumordnungsgesetz, ROG) needs to be mentioned. It
addresses the protection and development of nature and landscape, regulates the compensation of
impairments of ecosystems and focuses especially on the interlink of soil and ecosystem. Landscape
structures for water retention and against soil erosion by water are subject of the act.

Climate protection is not comprehensively regulated in Germany, at | east not yet. Different approaches for
climate change legislation exist on the state level. For example, the federal states Nordrhein -Westfalen,
BadenWirttemberg, Bremen und Schleswig-Holstein have a separate climate protection law. These laws do
not only include climate protection goals, but also adaption to climate change, which always contains
adjustment to heavy rain events.

However, there is a oOv-hegeat y(Alwdtee dt @.w2015apMd) eoncermirey the
protection of soils. Although they do not expl icitly talk about pluvial floods they offer opportunities for
heavy rain risk management. The most important one is the Federal Soil Protection Act (Bodenschutzgesetz,
BBodSchG) which focuses on conservation and restoration of soil and its protection from erosion by water. §
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4 BBodSchG provides for obligations and requirements to prevent risks. § 17 BBodSchG meet the
requirement of taking precautions in accordance with § 7 BBodSchG and the principles of good agricultural
practice in agriculture. However, it is judged that "this does not entail an enforceable compliance
obligation. Due to the very generic formulations and lacking specificity, the principles shall be understood

as mere guidelines and, apart from this, only apply with regard to agricultural use  of the soil." (Altvate r et
al., 2015, p.43) . Further, laws that are somewhat connected to pluvial floods are the Federal Forest Act
(Bundeswaldgesetz, BWaldG), and the Federal Nature Conservation Act (Bundesnaturschutzgesetz,
BNatSchG). Under some preconditions, they may help to protect existing water retention structures, e.g. on
agricultural land.

2.6. Hungary

In Hungary different approaches on federal/national and regional level do not exist. Pluvial floods are
involved among floods in methodology of the pluvial inundation hazar d assessment, the pluvial flood risk
assessment map in Hungary and also the pluvial flood risk management plans.

Nearly 50 % of Hun g bowlgnd sreaa aretgpicdllyslowlslope tl, avimath c auseslow velocity
of runoff water. Pluvial floods hit Hungary almost every year and they typically cause damages by the long
residence time of water on settlements and arable land. For the protection of people and their property
artificial water structures(p umpi ng st ati ons, drnethe omlp gokitios.y st ems, €)

In Hungary, several laws address pluvial floods:

A The Act LVII of 1995 covers rules regarding water management. The law contains a lot of general rules
in connection with water management. (Responsibilities to hydraulic facilities, control of emer  gency
defence operations during floods, data handling)

A The Ministry of Transport Communications and Water Management decree No. 10/1997. (VII.17.) covers
flood control and land -drainage operations and determines protection plans and warning levels in case
of pluvial or fluvial floods.

A The Ministry of Environment and Water -Ministry of Interior decree No. 18/2003. (XII. 9.) defines
settlements classification based on fluvial and pluvial flood risk (A - high risk, B - medium risk, C- low
risk).

A Government decree No. 232/1996. (XII. 26) covers protection against damages caused by flood. This
Decree determines the authorities responsible for the technical aspect of local, regional and national
level. Flood means not only outflowing of water from watercourses bu t the high level of inland water
on settlement and on arable land as well. The minister responsible for water management is the
nominated government commissary for the period of an emergency situation, and this person
coordinates and manages the related wo rks of protection.

>

Government decree No. 83/2014. (lll. 14.) on rules of use and utilization of the flood beds,
maintenance zone along the channels, vulnerable territories by undersee pages, and rules of making
high-water management plants. The decree det ermines the maintenance zone along the channels in
order to maintenance of the channels be insured. The decree determines use and utilization of the
flood beds. The decree determines of the use and utilization of the vulnerable territories by
underseepage. The decree determines the rules of preparing high water bed management plans.
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A Government decree No. 147/2010. (IV. 29) on rules of activites and facilities for the recovery,
protection and damage prevention of waters. The decree determines the general ru les of watershed
management in rural and urban area. The decree determines the rules of crossing water structures
(channels, dams, rivers, hydraulic structures).

2.7. Poland

In Poland, a new Water Law (Prawo wodne, Journal of Laws 2017 item 1566, dated 20.07. 2017) was passed
and has become active on 1/1/2018. This new Water Law lead to the reorganization of government
administration units responsible for water management on both, national and regional level, scope of their
actions and responsibilities and intr oduction of the principle of guaranteed reimbursement for water
services (no more exemptions from the obligation to pay fees for using the environment due to, among
others, water abstraction, sewage discharge and other water services). A wider catalog of w ater services
covered by fees has been introduced. New instruments appeared that will provide an economic incentive to
take into account the proper development of urbanized areas, i.e. to take into account the drop in the
amount of rainwater discharged, th e preservation of green areas and the introduction of green - blue
infrastructure.

In the new Act on Water definition of flood is temporary coverage of the area by water, which in normal
conditions is not covered with water, in particular caused by water  spills in watercourses, water reservoirs,
canals and from the sea, excluding water coverage of land caused by water spurt in sewerage systems
(similar to definition in Flood Directive, where pluvial flood are mention only marginally in the preamble).

The Water Law does not regulate the issue of local floods caused by rainwater and sustainable management
of rainwater comprehensively.

There is a lack of the definition of a sustainable rainwater management system as a whole, as well as the
definition of indi vidual components of the system. This is an important issue because it has a direct impact
on the approach of how designers, investors and operators build rainwater management systems on the plot,
which is important for fees for water services.

The flood definition in the Water Law excludes water coverage by water spurt in sewage systems and does
not explicitly cover pluvial floods. For several years, the subject of limiting the effects of flooding in
urbanized areas has been discussed- by slowing down the outflow of rainwater through the use of blue -
green infrastructure. Interest in the above this aspect is related to cases of local rain floods after rainstorms

in urban areas. In some cities analyzes of retention capacity of urban catchments, as well as st udies and
water management programs in the municipal or city area were performed. The assumption of these
documents is to increase local retention and reduce the effects of urban floods caused by heavy rainfall
events. The use of blue-green infrastructure solutions has been gradually spreading.

The current approach to rain water is based on its capture and referral to the sewerage systems, which
increases the load in the combined sewage system. This increases the cost of sewage and can cause
overloads, especially after heavy rain fall.

In Poland, some regional laws exit that define the use of rainwater in municipalities (mainly in cities). In the
literature there are definitions of pluvial flood caused by rainfall, often heavy rains. It is emphasized that
they often have a short but rapid course. It is emphasized too that often, despite the short duration of
rainfall, it causes large losses. Precipitation usually occurs in the summer months (although they may occur
from April to October). (Czech, 2013; Januchta-Szostak, 2011; Riegert, 2014; Wojciechowska et al., 2016)
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Also after implementation of Flood Directive in Poland, there is no clear separation and analys is of floods
caused by heavy rains as part of the implementation of the flood directive. There are no flood hazard and
flood risk maps dedicated to rainfall floods (after rainstorms). There are no flood hazard and flood risk
maps, for areas outside the imm ediate vicinity of the watercourse, and indicating the possibility of danger
after heavy rainfall.

As a part of the KLIMAT project, a catalogue of the occurrence of local emergency floods from thy years
1971 62010 was created. Results of the work were 8 Flash flood floods in Poland in the years 1971 ¢ 2010,
map of regions of the most frequent occurrence of local floods in Poland in the catchment system, flood
hazard maps in administrative terms, a map of the frequency of floods and information layer in the GIS
system.

2.8. Conclusions

Different legislative approaches exist in the participating countries . In federal states (Austria, Germany),
pluvial floods are solved on local and federal levels. In the recent years, several federal states have started
pilot act ions in order to map pluvial flood risks. Therefore, different methods and software tools have been
used with different accuracies. Basically, the end results have been indicative hazard maps (e.g. rollingball -
method, GIS-analysis). In some cases hydrodynamic models have been tested for small areas.

Contrarily, in other countries such as Hungary there is no difference between approaches on
federal/national and regional level. In Hungary, pluvial floods are involved among floods in the methodology
of the pl uvial inundation hazard assessment, the pluvial flood risk assessment map and also the pluvial flood
risk management plans. In Croatia, the reduction of pluvial flood risks is under the competence of Hrvatske
vode, whereas urban drainage (stormwater draina ge from urban areas) is regulated by a number of
regulations, with the competence divided between Hrvatske vode and municipal service companies in
charge of stormwater drainage. In Poland , the Water Law lead to the reorganization of government
administrati on units responsible for water management on both, national and regional level, scope of their
actions and responsibilities and introduction of fees for using the environment. The Water Law does not
regulate the issue of local floods caused by rainwater an d sustainable management of rainwater
comprehensively. In the Czech Republic the GlSbased method of Critical Points (CP) is used on national
level and implemented in the law. It is a repeatable process able to identify areas, which are significant in
terms of formation of concentrated surface run-off and erosion.

Information provided by the project partners indicate that there is usually no single method used on a
national level. The only country using a single method on a national level is the Czech Republic, where the
method is part of legislative framework. Pluvial floods are generally solved on a federal or regional level,
due to their accidental occurrence and the intensity of the  heavy rain event. Generally, it is difficult to
compare legislative fra me work in each country because of different governmental structure and
distribution of competence.
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3. Catalogues and projects of risk reduction measures

This chapter discusses catalogues of risk reduction measures related to heavy rains and pluvial floods . Based
on the questionnaire and discussions during meetings, we provide an overview of existing catalogues in each
country participating in the RAINMAN project. We also list local projects and refer to their guidance
documents on flash and pluvial floods.

3.1. Overview of catalogues of measures

Existing catalogues of measures are rare. There are existing catalogues not focused on pluvial floods, but on
drought prevention (Czech Republic), although some of the measures can be used for pluvial flood
protection ( /prevention). A catalogue of measures is cur rently tested in Upper Austria . Table 1 shows the
current status of existing catalogue of measures in countries of the project partners.

Table 1: Summary of existing catalogues of risk r eduction measures in the participating project countrie S

Country Catalogue of measures Accessibility Notes

Austria Federal level, categorization: Unknown Federal republic, catalogue
only used in the state of Upper

1  Prevention Austria

1  Protection

1  Awareness Raising
1  Preparedness

1  After-Care

Upper Austria,
categorization :

1 Prevention

T Protection

Croatia Not available

Czech Republic | Kat al og pt 2r od( Public, website: Only available in Czech
opatten? pro z
k r a j(engl.cE€atalogue of
green water retention
measures in the environment

) (Vyzkumny Gstav
vodohospod8t sk
Masaryka.v.v.i., 2018) as part
of Projekt Sucho (engl.
drought project)

http://www.suchovkrajine.cz/vystupy/katalog - | Only structural measures
opatreni

Germany Not available

Hungary Not available

Poland Not available
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3.2. Categorization of risk  reduction measures

Categorization is an important issue when creating and organising a suitable catalogue of measures. The
most general categorization divides measures into structural and non -structural. Structural measures can be
defined quite easily and include all civil works . However, the definition of non-structural measures is much
broader and can include measures from a vast range of different disciplines such as land -use planning,
policy, soil management, insurance, public information access and em ergency systems and many more
(Colombo et al., 2002) .

A new categorization was prepared by the (Working Group F of the Common Implementation Strategy for
the Water Framework Directive, 2012) of the European Commission (Table 2). It is important to keep in
mind that the list of categorization was prepared solely for the purposes of reporting types of measures in
the FRMP Reporting Sheet. A number of different measures, and hence types of measures, may be linked to
any one area of potentially significant flood risk (APSFR) or other defined area to which the measure, or
aggregated set of measures, applies. Where the n ature of a measure does not correspond to the terms used
in the tables, MS may select the 00therd option (which should be the default). Importantly, more than one
option can be selected.

It was difficult to construct a summary of measures based on the questionnaire as the resulting measures
acted on many different levels and its categorization was too challenging at this stage of the project. The
appendix includes a more detailed list of structural and non -structural measures from each project partner.

Table 2: Categorization developed by the working group flood of the European Commission (2012)

Aspects of flood risk

Description
management
No Action No measure is proposed to reduce the flood risk in the APSFR
Prevention Preventing damage caused by floods :

1 by avoiding construction of houses and industries in present and future
flood -prone areas;

1 by adapting existing receptors to th e risk of flooding; and ensure that
future developments take flood risk into account;

1 by promoting appropriate land -use.

Protection Taking measures, both structural and non  -structural, to reduce the likelihood
of floods in a specific location.

Prepared ness Informing the population about flood risks and what to do in the event of a
flood; including emergency response: developing emergency respons e plans in
the case of a flood.

Recovery and Returning to normal conditions as soon as p ossible and mitigating both the
Review/Lessons social and economic impacts on the affected population.
learn
Other Other type of measure.
vuv Page13
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3.3. Projects

In this section, we list exemplary projects and published guidance documents dealing with heavy rain risk in
the project coun tries (Table 3). Although there is a lack of catalogues of measures, many projects created
guidance documents or guidelines, where measures are thoroughly discussed (Colombo et al., 2 002; RISA,
2012). Pluvial floods tend to be approached on a local level, therefore, existing catalogue of measures and
guidance documents are usually published with limited or no translation. Table 3 clearly shows that many
projects took place or are available in Germany and some in Poland. This indicates a strong bias across
central Europe.

There a already many lessons learnt from past research projects. These include studies looking at cost-
effectiveness of flood mitigation measures (Kreibich et al.,, 2011; Poussin et al.,, 2015) or potential
improvements of flood management plans (Montz and Gruntfest, 2002; Nquot and Kulatunga, 2014). The
catalogue of risk reduction measures can only be one tool helping to design a flood management plan.
Colombo et al. (2002) and Montz and Gruntfest, (2002) stress the importance of the social component in the
creation of flood management plans . A recent study in Germany concluded that raising awareness needs to
be improved for better flood management and that receiving an early warning is vital for damage mitigation
(Rozer et al., 2016). This shows that it is not only important what is implemented, but how.

vov Page 14
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Table 3: List of past projects and guidance documents dealing with hea vy rain in the project countries

Country Projects

EU NEDIES Project

1 Guidelines on Flash Flood Prevention and Mitigation (Colombo et al., 2002)
Austria
Croatia

Czech Republic

Srategie ochrany pted negativn?2mi dopady
opatt en?Nmis k ® K(eagh Btategies te protect against negative impacts  of
floods and erosion with environmental measures in the Czech Republic)

1 Website: www.vodavkrajine.cz (Czech)

Germany

1 RegeninfraStrukturAnpassung (RISA, Hamburg)
0 Website: www.risa -hamburg.de (German and English)

o0 Documents: Final report (Waldhoff and Bischoff, 2015) and Guidance
document (RISA, 2012)

1 KLimaAnpassungsStrategie (KLAS, Bremen)
o0 Website: www.klas -bremen.de  (German)
T KLIMPRAX (Hesse)

o Website: www.hin ug.de/themen/fachzentrum -
klimawandel/forschungsprojekte/sied  lungsraeume/klimprax -starkregen
(German)

9 Starkregenleitfaden engl. Heavy rain guidance document (Baden-Wuerttemberg)
(Koch et al., 2016)

I Heavy Rain Risk Management for urban sewer systems (German Association for
Water Management, Waste Water and Waste )

1 Heavy Rain working group (Landerarbeitsgemeinschaft Wasser )
o Website: www.lawa.de

I Hochwasserpass engl. Floodpass (Hochwasser Kompetenz Centrum)
0 Website: www.hochwasser -pass.com (German)

Hungary

Poland

1 KLIMAT: (Marosz et al., 2011)
T Pol ski Atlas Nato6lGes DRABDRJc z- w Mi arodaj ny
o Website : www. retencja.pl/en/about -us/eu-projectspanda_/ (English)

1 Miejskie plany adaptacji do zmian klimatu (MPA,  engl. Urban adaptation plan
Polish and English)

o Website: www.44mpa.pl
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4. Summary and Conclusions

4.1. Discussion of approach

The scoping study focused on the collection of national or federal attitude, data set s and tools used in the
countries participating in this project (Austria, Croatia, Czech Republic, Germany, Hungary and Poland) . For
the data collecti on a questionnaire was used which was sent to all project partners . Due to the phrasing of
the questions used in the questionnaire, some project partners interpreted the meaning of the questions
differently to the intended meaning. This resulted in the evaluation of some contributions to be more
difficult. Nonetheless, all of the contributions were evaluated and processed to be used in the scoping
study. There was an attempt to summarize the measures collected, which was later disregarded and the list
of measures wasplaced in the annex of the sc oping study.

4.2. Conclusions for the catalogue of risk reduction options and management
measures

The questionnaire and categorization of measures was discussed during the project meeting in Prague,
February 2018. A draft of this s coping study was discussed during the project meeting in Zagreb, 13 "-14"
June 2018, where the majority of the points of the discussion were focused on how to use the scoping study
in the ongoing project. This scoping study shows that there is a strong project bias among the partic ipating
countries. The scoping study and the completed questionnaire have shown the need of a catalogue of
measures, which is applicable and accessible everywhere in central Europe, especially in regions where no
or little guidance is currently available.  With the uneven distribution of projects, we also show the necessity
of this project fostering knowledge transfer across central Europe.

Furthermore, the s coping study crystalized the questions key to the final catalogue of measures and
management of measures. For example:

A Who will be the final user or group of users of the catalogue?

A How should measures be categorized? Should the catalogue correspondto the categorization developed
by the working group Flood of the European Commission (2012)?

A How to use or involve existing catalogues of measures which are used as fluvial flood protection or
draught prevention?

The next step in the development of the catalogue of measures will be the proposal of categorization . We
conclude that there is a need for a complex and official catalogue of measures, which is  accessible all over
Europe. This requires the categorization of the measures to be simple and yet complete.  Literature research
has shown that for a flood management to be successful non -structural measures need to be considered and
the public needs to be well -informed. Therefore, we feel that a holistic and  effective catalogue will also
contain non-structural mea sures. We further conclude the importance of best -practice examples.
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6. Websites

Miejskie plany adaptacji do zmian klimatu ( engl. Urban adaptation plan, Polish and English)
www.44mpa.pl

KLIMPRAX (Hess&erman)

www.hlnug.de/themen/fachzentrum _-klimawandel/forschungsprojekte/siedlungsraeume/klimprax -
starkregen

Hochwasser Pass (engl. flood pass, German)
www.hochwasser-pass.com

KLAS (Bremen, German)
www.klas-bremen.de

Bund/Lander-Arbeitsgemeinschaft Wasser (engl. Federal State Water Consortium, German and English)
www.lawa.de

Povod8§ov K i nf o(englaloodinforsngtientsygtam, Czech)
WWW.POViS.Cz

PANDa (English)
www.retencja.pl/en/about  -us/eu-projectspand a

RISA (Hamburg German and English)
www.risa -hamburg.de

Sucho vKrajne (engl. Drought in the country, Czech)
www.suchovkrajine.cz

Strategi e ochr aniy dpofpeadd yn epgoavtoi dvhn?2am er ozn?2 mi  j evy pt2rodc
republice (engl. Strategies to protect against negative impacts floods and erosion with environmental

measures in the Czech Republic)

www.vodavkrajine.cz
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7. Annex 0Pr 0j ect partnersod6 contri but

Austria
Project internal contribution on Austria from 08.02.2018

Contributing
authors

Cornelia Jobstl, Rudolf Hornich & project partner 4 ( Land Steiermark.), Yvonne Spira ¢
project partner 3 (Umwelt bundesamt)

This catalogue of measures was generated for the 1st implementation period of the EU Floods directive in
Austria. It is applied mainly for fluvial events. Currently it is evaluated, how well these measures fit for
pluvial events. Below, a sele ction of measures is listed, which are also suitable for pluvial floods. In the
rows oO0Short descriptioné and oEffect [/ Deficitd i
Styria.

nf orm

Field
of Measures
Action

Effect / Deficit

Short description

MO1:
Identifying risk areas

Identifying endangered areas via
flow path maps for pilot areas,
such as the city of Graz

Indicative only

MO02:

Considering pluvial flooding in
spatial planning and building
legislation

Hazard and risk maps need to be
available

MO03: Developing catchment based
concepts and plans for improving
the water and solid material
budget

PREVENTION

MO04: Establishing and considering
of local and regional land -use
planning

MO5:

Establishing of framework
conditions for implementation
and maintenance of protection
measures

! Type: s=structural; n=non -structural
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MO6:
Retention effective surface
management in catchment areas

A Unsealing, Avoidance of new
sealing

A Reduction of soil erosion
A Change of crop management

The Styrian Chamber of
Agriculture is working intensive
on this topic. Main points are the
use of modern technology (e.g.
grubbers) in order to establish
surfaces, which are less
endangered by erosion.
Furthermore they work on the
topic of soil water storage
capacity in order to retai n more
water in the ground. Information
and results from experiments
are passed on to interested
farmers in information events.
E.g. in 2018 already about 1.200
farmers participated in these
events.

Increase of water retention and
decrease of soil erosion. Earnings
increase, because valuable ground
remains in the cropland.

Authorities do not have direct
influence on the crop

management. Only indirect
measures can be set like awareness
raising.

MO7: S
Re-establish flood plains and
deposition areas
MO8a: A Retention Basins Peak discharge is stored temporally | S
Planning and building of o and released delayed and
) . A Infiltration systems
protection - and regulation water buffered.
constructions: flood and sediment A Seepage reservoir .
retention constructions Need to safeguard the quality of
groundwater.
Dependent of the soil infiltration
ability.
MO08b: A Dams, backfills and walls With controlled and organized S
Planning and building of . ) drainage of water in problematic
. . A Water drains (enhancement, .. .
protection - and regulation water areas, it is possible, that he avy
. e . removal of obstacles) .
constructions: linear protection rain events do not cause damages.
measures A i
A St:omtwater drainage and Accelerating and redirecting of
culverts water may shift the problems and
A Emergency waterways, flood influence third parties in a
channels, floodable areas negative way.
; ) ) Prohibition on allowing property to
A Road dra}nage in case of new deteriorate.
constructions and refurbishment
MO08c: Planning and building of S
protection - and regulation water
constructions: Other measures
Page?21
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MO09:
Taking and adapting property
protection measures

A Heightening of entrance points

A Backwater protection for sever
water

A Mobile Elements

A Fixing of oil tanks against
buoyancy

A Adapted use of buildings and
cellars (no storage of valuable
goods in endangered rooms)

A Water-resistant floors and walls
A Flood doors, Flood windows

A Pumps

In many cases, damages can be
avoided by personal provision.

Municipalities can require
measures in the course of building
approval proceedings inform the
citizens and conduct awareness
raising.

Personal provision is done on a
voluntary basis.

Problem of barrier -free building for
real-estate developers.

Maintenance of private protection
structures is challenging for the
people and often no t done on a
regular basis.

No funding possibilities for private
persons for property protection
measures through public funding or
insurances. (There are funding
options for raising the security

level for fire or burglary)

M10:
Examining and implemen ting
resettlement and reallocation

M12: Maintaining, operating and
improving flood protection
structures

M13b:

Generating operating regulations
for flood endangered facilities:
commercial and industrial plants

M14:

Preparing and providing
information about flood hazards
and flood risks for the public in a
proper way.

An information -campaign is carried
out from autumn 2017 until end of
2018 in Styria in order to increase
peopl eds
pluvial and fluvial fl ood hazards
and risk. It is planned to hold an
information event in each of the
287 municipalities in Styria.
Additionally, special information
material has been developed to
help people to assess their flood
risk (e.g. checklists) and to
prepare for flood ing (e.g. template
for a personal flood emergency
plan).

awarenes
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M15: In the course of the presented N
Promote participation regarding information events in measure 14,

the topics flood hazards and flood people have the possibility to ask

risks guestions.

In one municipality in Styria
meetings with the citizens are held
after pluvial flooding has occurred.
Hot spots and problems are
discussed. By this, the population
has the possibility to take actively
participate in the process.

M16: N
Conduct educationa | activities
regarding flood hazards and flood

risk
M17: Warnings regarding heavy rain are, N
Establishing and operating amongst others, distributed by the
monitoring systems, forecast Austrian Central Institute for
models and warning systems Meteorology and Geodynamics.
In case of an expected heavy rain
Z event, a municipality in Styria give
9 the civil def ense
E The population is informed about
o this procedure. In this way, the
< citizens have the possibility to
& prepare for the ev ent.
g M18: A Organisation (responsibilities, N
Establishing disaster control plans information chain)
for copin "
Ping A Personal flood emergency plans
M19: N

Ensure preconditions for the
implementation of disaster
control plans

M20: N
Conducti ng emergency measures
at protection structures
immediately after an event

M21: N
Assessing and clearing flood
damages at constructions and
infrastructure and safeguard
claim

AFTERCARE

M22: Federal professional data base to N
Conducting event and damage record historic flood events. Until
documentation, as well as now predominantly fluvial events
analysis events are documented.
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Upper Austria

This catalogue of measures is used in the province Upper Austria. It comprises only the action fields
oprevent and Oprotectiono.

Short description; effect Type?  Scale® SSE
adaptation/shifting of building area n p 7
refusal of building permission n p 8
consideration of pluvial flood paths in land n p 9
development plans / zoning plans
Shift the location of the planned building n p 10
outside the hazard area of the property
Protection of building openings & permanent e.g. cellar windows, doors S o] 1
or temporarily
runoff paths through subsidiary build  ings S o] 2
Application of pluvial flood protection e.g. floor level, building material, no cellar S o] 3
construction rules
enclosure of the property S p 4
drainage ditches, depressions, pipes S p 5
Z
Q infiltration facilities, retention facilities 5 p 6
0
LL building permit provisions building permit contains measures for n p 11
= avoiding negative consequences of pluvial
8 floods on buildings and third parties
o
specific grassland zoning, protection zones for retention and / or planned runoff 12
drainage ditches, depressions 13
walls, dams no adverse consequences up to design event 14
protection forest retention, erosion protection 15
use space dedicated as public thoroughfare parking areas, streets for temporary ret ention 16
for retention
use space dedicated as public thoroughfare directed runoff 17
vuv Page24
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for runoff
rotation farming design, intertillage e.g. erosion prevention 18
presevation / improvement of soil structure avoid consolidation / compaction 19
mulch seeding, direct seeding, strip seeding 20
cultivate lateral to the slope avoid preferred runoff paths and slow down 21
surface water
avoid skid marks in slope direction avoid preferred runoff paths 22
coarse seedbed preparation 23
field subdivision avoids long runoff paths 24
grassland retention edges, buffer edges slow down surfacce runoff 25
preservation/creation of meadows and decrease runoff 26
pastures
W Page?25
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Croatia

Project internal contribution on Croatia

Contributing Project partner 7 (Hrvatske Vode)
authors

Structural Measures

Standard measures;

Amelioration systems;

Combined systems and stormwater drainage systems;
Stormwater overflows;

Flash flood + retention basins;

Anti-erosion measures;

Pumping stations.

Non-structural measures
Flood Risk Management Plan

Water management in Croatia is regulated by the Water Act (OG 153/09) and the Water Management
Financing Act (OG 153/09). Both Acts, adopted in 2009, are in compliance with the EU Acquis
communautaire in the field of water. In accordance with the Water Act, Hrvatske vode is obligated to
undertake preliminary flood risk assessment, produce flood hazard maps and flood risk maps, and produce
flood risk management plans.

Physical planning

Physical planning implies methods used by the public sector to influence the spatial distribution of people
and activities to a different extent. Physical planning includes all the levels of land use planning, including
urban planning, regional planning, environmen tal planning, national physical planning, including also the
international level in the EU.

Warning system and rainfall forecasting systems
Warning and forecasting system for harmful and dangerous hydrological events.

Aimed at timely warning and reduction of adverse effects of flash floods, the Croatian National
Meteorological and Hydrological Service (DHMZ) has together with other NMHSs from SE Europe and global
institutions 8 World Meteorological Organization (WMO), Hydrologic Research Center (HRC) and Nitional

Oceanic and Atmospheric Organization (NOAA)dpar ti ci pated in the project 0Sol
Gui danceo.
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The Flash Flood Guidance System (FFGS) is based on estimation of the precipitation amount from satellite
imagery and ALADIN model ard provides an indication as to whether it would generate a bankfull discharge.
It is used in operational practice for the generation of warnings and forecasts about the arrival of dangerous
and harmful hydrological events.

Flash floods are an exceptional hydro-meteorological phenomenon with strong and rapid oscillations in flow,
most frequently as the result of intensive rainfall over a very short period. Due to particular complexity and
local character, they represent a challenge in hydro -meteorological f orecasting.

National Protection and Rescue Directorate  (DUZS)

DUZSis an independent, professional and administrative organisation tasked with preparing plans and
managing operational forces as well as co-ordinating the activities of all participants int he protection and
rescue system.

DUZS is the leading organization for the protection and rescue of people, assets and environment in the
Republic of Croatia, in harmony with the needs of a modern society.

Its mission is to constitute and maintain a modern system of protection and rescue in the Republic of
Croatia, which will be able to respond with all available resources to all needs for the protection of people,
assets and environment in events of disasters, accidents and other needs of a modern society, and if
necessary, extend or obtain help from other countries in the emergency situations.

It is in regular contact with the DHMZ and Hrvatske vode, with which it permanently exchanges information
about meteorological and hydrological indicators aimed at mo nitoring the situation if a flood occurs.
Through its Regional Protection and Rescue Offices, DUZS in in contact with the representatives of local and
regional self-government units and emergency services, recommending that all the activities between
operational forces of the civil protection system to increase preparadness for a flood event are coordinated
through the civil protection headquarters (HQ).

The situation is continuously monitored, with the operational forces of the civil protection system read y to
provide assistance to the population at any moment. County 112 Centres can be contacted 24/7. National
civil protection intervention forces are on stand -by for possible field intervention in case of a flood. If
needed, the civil protection system ont he local, regional and national level is activated. If needed, DUZS,
Hrvatske vode, the police, firefighters, civil protection, public health, Croatian Red Cross, Croatian
Mountain Rescue Service (HGSS), municipal service companies, civil protection HQ and the Croatian Armed
Forces are included in flood protection, controlling the situation on the field by taking adequate measures.

The occurrence of floods increases the risk of contagious diseases, in particular contagious diseases borne by
contaminated wat er, food, contact and rodents. Timely preventive activities can reduce the risk of adverse
consequences associated with floods, and it is recommended to implement preventive measures of the

Croatian Institute of Public Health for the sanitary qualityofwa t er and food and peopl eds

Croatian Mountain Rescue Service (HGSS)
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Czech Republic

Project internal contribution on the Czech Republic

Contributing Project Partner 5 (VKzkumnK ¥stav vodoh:
authors
Picture credit Torrent regulation: Lubo Augustinsky

Barrage (3rd picture): Petr Kupec, Mendel University, Brno

Other: Katalog pt2rodoce bl2zkKch opattH
(2018) (engl. Catalogue of green water retention measures in
the environment) develope d as part of the Projekt Sucho (engl.
drought project)

Structural measures

Measures on arable land

q Furrow

Furrow is a shallow and wide ditch with mild slopes and small longitudinal gradient. It allows to
intercept, infiltrate and alternatively to drain the surface runoff. It should be dimensioned to the
corresponding N-year discharge and meet the functional requirements.

Figure 1: Schematc of the technical design of a furrow. (source: VUV TGM, v.v.i.)
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Figure 2: Realization of a furrow in the landsc ape (source: VUV TGM, v.v.i.).

M Ditch

Ditch is a measure similar to a furrow and serves the same purpose. The side slopes are steeper. Thus,
the retention volume is smaller. It is usually projected in are as where the space for constructing of a
furrow is limited.

dany typ zpevnéni

Stérkopiskovy podsyp

Figure 3: Cross-sectional profile of a ditch with basic technical parameters (source: VUV TGM, v.v.i.)
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Figure 4: Realization of a ditch in t he landscape (source: VUV TGM, v.v.i.).

T Infiltration belt

Infiltration belt is a grass belt, usually projected on a sloping terrain. It is oriented in the direction of a
contour. It can also be found in the vicinity of reservoirs where it serves as a prot ection against
penetration of an eroded material into the water.

() Chranané plodinoué pasy (7T
(kukufice apod.)

Zasakovaci pasy

Figure 5: Schemaic of an infiltration belt with a longitudinal slope profile (source: VUV TGM, v.v.i.).
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Figure 6: Realization of an infiltration belt on a selected slope in the landscape (source: VUV TGM,
VAVAR

1  Stabilization of pathways of concentrated surface runoff

Pathways of concentrated runoff are stabilized most frequently by grassing, so that they are able to

transfer the su rface runoff without the occurrence of erosion in the body of the pathway. The most

common shape is parabola with a small depth. Such a shape is most similar to that of the naturally
created pathways. In addition, it reduces the probability of meandering.

o
h A

T

kamenny zahoz

filtraéni geotextilie

Figure 7: Cross-sectional profile of a stabilization pathway with basic technical paramet ers (source:
VUV TGM, v.v.i.).
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Figure 8: Realization of a stabilization pathway in the landscape (source: VUV TGM, v.v.i.) .

M1 Dike

Dikes have a zero longitudinal slope. They are constructed in the direction of contours. Both the area in
front of the barrier and its height must be corresponding to the need for retention volume of water,
including the volume of depo sited eroded material. Most frequently, they are in the form of an earth
embankment reinforced by grass.

Figure 9: Schemaa and basic technical paramet ers of a dike (source: VUV TGM, v.v.i.).
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Figure 10: Technical realization of a dike in the landscape (source: VUV TGM, v.v.i.).

Baulk (country lane)

Baulk is a belt of uncultivated land that separates two agricultural fields. It is usually oriented in the
direction of a contour, so it acts as a reduct ion of the velocity of surface runoff and supports the
infiltration. The highest efficiency of is achieved when accompanied by an infiltration belt located
above and a furrow under the measure.

Figure 11: Schemaa of basic technical parameters of a baulk in the slope profile (source: VUV TGM,

V.V.i0.)
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