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Abstract:

Hamburg is a growing metropolitaiity that is faced with new challengeWith the fuilding
of 6.000 new homes pelear as well as thdevelopment ofndustrial etates, comes am-
creasein surface ealing These areaproduce unoff that plac an ircreased burden on t
cities drainage systes (®wer networs, water bodies ancaerches).Furthermore there is
potentialrisk to the drainage infrastructure wk comes fror anincreasecntensity and fe-
guency of heavy rainll that happens as a result dimate changt

These challen¢s are addressed in the F InfraStructureAdaption (RISA) roject. RISA
is a collectiveProjec betweenthe State Ministryfor Urbar Developmeniand Evironment
(BSU), the Free and Hanseatic City of Hamt (FHH) and HAMBURG WASSER (HW)
The Project was started in 2009 with the Goal efctieag tc increasingsurface eaing, the
potential outcomes oflimate change, increed living standards, as well anfrastructure
requirement: The results of this ork aresummarize in the RISAStructure Pla, Rainwatel
2030. Over the years to comhis planwill act as a uideline twardsthe sustainable rn-
agement ofainwate (IRWM = Integratel Rain Water Managemerin Hamburg.

RISA acts a a pioneer in the rater sensitive urban development of Hamt Under the
context of vater management there eaction plan: that show thatainwater manaiment
measureswill become a well-established part of urb developmen Water managemel
should be integrated inregional, city and transport plannirThe institutional and regulo-
ry frameworks should also ladapted.

Another focus will be laid on suitable funding @bisnwater manageme. RISA was ir-
ranged coeval to the implementation of the sepdratermwater charge (SSC) by HW
May 2012 to gain synergies out of both proje

Keywords: Integrated RailWater Management (IRWN climate chang, Rain InfraStructure AdaptiorRISA),
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Introduction

As part of a sustainableewage disposal system HW inve 60 Mio. € per annurrinto the
maintenanc and renewal of the appro5.500 km extensive seweetwork in Hamburg. i
the inne-city area there is a predominantly combined systeinereas in the outskirts there
primarily ¢ separate system (approx. 2.300 km for wastewatdragprox. 1.700 km r
stormwate). The Sewer networencompass: an area of approx. 360 I, of which approx
175 knf canbe classified as paved areaphotogrammetri evaluation). "his corresponds 1
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approx. 49 % medium proportion of paved area. Appt05 knf of the paved areas are con-
nected to the public sewer network (Evaluation aadlation from the surveying of property
Owners). An overview of the drainage Methods in Harg is shown in figure 1.
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Figure 1. The spatial distribution of drainage Methods in Hbamg (Source: HW)

The bodies of water in Hamburg, for example theeEthe inner Alster, the outer Alster,
canals and channels have a notable importancenéoe¢onomy and recreational activities.
The overall length of primary and secondary watdmorks is approx. 640 km [FHH 2005].
As a result of anthropogenic influences or overrgspion from the preliminary classification
using WRRL, the majority of water bodies in Hambarg defined as artificial or having con-
siderable changes to them [FHH 2005]. Currently dniwater bodies in Hamburg can be
classified as natural [FHH 2005]. The water bodiglsbe supplemented through numerous
trenches and trench canalization.

The water relief programs in the combined systentte Elbe and Alster that have been
carried out since the 1980s, the current implentimtgrograms for inner-city relief and the
Bergedorfer redevelopment concept have led to actemh of combined waste water over-
flow and accordingly this will continue to sink #olow level. The frequency of overflow into
inland waters in Hamburg happens at a mean rab@cd per year which is exemplary across
Germany. This results in a distinct and long-teretid® for inland waters. This is demonstrat-
ed yearly with the swim section of the Hamburg thi@n happening in the Alster.

In contrast in the separate system the storm wataff that comes from heavily frequent-
ed roads flows unhampered into waterways whichamarribute to hydraulic problems and

contamination. In regards to water pollution abaetrRISA lays a clear emphasis on a sepa-
rate system (see below).

Current Developments - Urban Development

Hamburg is a growing city. In the work program tlsaguided by the Senate vision ,,We wiill
create a modern Hamburg” [FHH 2011the building of additional, low cost housing has
been clearly expressed. This low cost additionaising will be built in already populated
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areas. The ,,Agreement for Hamburg” between theafeand the seven Districts has the goal
of approving and building approx. 6000 new Homes ymar. The so called ,,Alliance for
living in Hamburg” Agreement will be supplementéatough a verbal agreement between
the Senate and the housing/real estate industritifiéuconflicts of interest and an increasing
demand on open and green Spaces in current rasicdengas is omnipresent.

Furthermore as a result of the growing number dfimgs or the increase in paved areas,
it can be assumed that there will be an increasesspre on the drainage systems. The cur-
rent figures from RISA show that there will be amanent increase of paved areas of approx.
0.4 % (about one square kilometer). p.a.

Climate Change

Initial studies about the hydrological consequermeslimate change for the combined sys-
tem in Hamburg have shown that till the end of @®mtury a significant increase in the com-
bined sewer overflow is expected [Kuchenbecket.&(410]. These initial studies are based
on simulated precipitation data from the climatedeldREMO and were conducted using the
AlB scenario from the IPCC (International Panel fo€limate Change)
[Kuchenbecker et al. 2010].

Detailed Studies done by BMBF research Project KABMIG-Nord for the catchment ar-
eas with a separate system [Hiffmeyer 2011] a lzdsed on REMO-Data using the A1B
scenario for the catchment area Wandse. Basedeosctmario it is also shown that till the
end of the century the potential hydraulic effdotsn climate change on the sewer network
will be seen in the form of increased occurrencElobding.

On the Basis of the analytical Scenario considenati RISA includes the potential effects
of climate change in a sensitivity analyses basad[Morddeutsches Klimabiro 2011],
[Norddeutscher Klimaatlas 2012] and [Daschkeit let2@09]. This will also be done with
regards to a long term prediction of costs.

Standard Legal Requirements

Water Laws with their hierarchical Structure plageatral role in the legal framework for the
handling of Rainwater. Building, planning and traffegislation include key references to
rainwater management. The legal framework beconoexretised through the technical
guidelines for building drainage, property drainage, public drainage systems, road
drainage and waterway construction. An overriding derivaBleal of the water legislation is
to intervene as little as possible into water reses! with regards to the amount of interven-
tion and the amount of materials.

With this background in RISA the framework for thRWM in water legislation, building
legislation, nature protection legislation, landigation, planning legislation, roading legisla-
tion and right of way legislation, will be analysadd discussed within the relevant technical
regulations. Where possible the knowledge and rezamdations from RISA will flow into
the current revision of technical regulations.

Administrative Framework

The responsibility of the water management adnritisin in Hamburg has partially grown in

the past which points to a high grade of complekityhis day and age. The BUE (formerly
BSU) which is the supreme technical authority Hees ministerial task of managing water
resources. Where as on the local level the disinehich are the lower water authorities, are
responsible for the operative tasks as well asnaotgnand approval decisions. Another im-
portant partner in the FHH is the Authority for Bomy, Transport and Innovation (BWVI)

who are responsible for the major roads. Measuresaried out through the State Office for
Roading, Bridges and Water Bodies (LSBG). The omgaonsiderations of flow paths and
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water management of catchment areas will be matieutli with the increasing orientation
on small political territorial units.

Within RISA this situation will particularly be fad with development and recommenda-
tions of new planning instruments (compare New Rila Instruments for the IRWM in the
Results and Discussion section).

Methods - RI SA Structure, Function and Collaboration

In light of the factors mentioned, the BSU (now BIBE) in cooperation with HW initiated
Project RISA with the overall Goals of Near-natucalal water balance, Extensive water pol-
lution abatement and Flood protection and inlanddl control RISA acts as a pioneer in the
water sensitive urban development of Hamburg. Uriber context of water management
there are action plans that show that rainwaterag@ment measures will become a well es-
tablished part of urban development. Water managesteould be integrated into regional,
city and transport planning. Thus from the outsEARplanned a project structure that saw
the forming of four interdisciplinary work group#®@s) from the areas of environmen-
tal/sanitary engineering, urban and landscape pigntraffic planning and water body plan-
ning.

RI SA Structure Plan 2030

The Project Results and Recommendations will bensemsed in the RISA ,,Structure Plan

Rainwater 2030". In the coming Years this will geras an orientation framework for the

IRWM in Hamburg. As well as an inventory of the mnt status of rainwater management
the structure plan provides recommendations tduhee handling of rainwater. The recom-

mendations lay a distinct focus on the decentradisaf drainage for all new and renovated
buildings. Therefore the structure plan illustrateshnical solutions, the legal foundation,

new planning foundations, new planning instrumemd procedures as well as communica-
tion paths. The content will be supplemented thhopgediction of costs, funding approval

and the discussion of new funding options for R&/M.

The Structure plan is the technical foundationtfer Senate Document RISA which is a
current work in progress. The Document, which heseptial recommendations towards long
term strategic action, shall be submitted for apakto the Hamburg Senate.

Results and Discussion

There have been many studies done within RISA. &fbez only a selection of results and
pilot projects will be discussed here. This shandble an insight into the range of projects.

Planning Basics and I nformation System for the |RWM

At present a comprehensive GIS-based analysisanplg- and information system for rain-
water management at the property level is beingkaaon for Hamburg. This is being done
to plan and implement appropriate rainwater managemeasures in terms of ecological and
economical aspects.

In the area of ,,near-natural local Water Resouremsessential component in the plan-
ning and information system is the so called Irdiibn potential Map (VPK). The VPK is
based on hydrological, geological and topographilcad in the RISA project that was vali-
dated, extended and updated. Furthermore knowlabiget potential areas is essential for the
IRWM. Paved areas, availability of areas, area bs#éding structure and the drainage situa-
tion are a crucial basis for the Potential Area M@pPK). VPK and FPK will be linked to-
gether to form a Decoupling Potential Map (APK)us$providing concrete planning funda-
ments and potential analysis at various levelsetéitifor the IRWM in Hamburg. Further-
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more water resource balances will be provided. rEsalts would be depicted in a Water Re-
source Potential Map (WPK).
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Figure 2: Exemplary representation of ,,Data Layers” withesg&l Fundamental Data for Information and
Planning Systems for the IRWM in Hamburg (Sourcé/)H

In the area of ,,Inland Flood Protection” hazardl @amage maps were created. The Haz-
ard and Damage Maps were created to estimatedbd fisk to infrastructure objects. This
information shall contribute towards the cooperatietween administration, planners and
more importantly property owners in providing enteohflood precautions. In addition to this
it is possible through the improved analysis ofjéascale hazard potentials to compare the
use of flood precaution measures and the assoaatg#d, hence providing a base for politi-
cal/economic decisions.

In the area of ,,extensive water pollution abatefeine so called Emission Potential
Maps (EPK) were developed. These are based upoyetity mean load pollutant removal
rates (calculated with suspended solids) from dgesl areas and they provide an improved
detection of the main pollution areas in settlediBas. The series of maps is the basis for the
compilation of stormwater treatment concepts inchtthe necessity, the extent, the expense
and emission orientated uses of the stormwatetntiezd measures are represented.

The cartography and background data (e.g. ALKIS@KFKS®, digital Terrain Model,
Tree Registry, types of Biotope, Water Book, Gromatér levels, Engineering Geology,
Sewer Registry, Sealing Land Register, Propertyndge Data) will ultimately be combined
to form a comprehensive information system for lR&/M. The information system will be
updated and developed when required (Figure 2).

New Planning I nstruments for the IRWM

A survey done for RISA, of the planning participaat all planning levels came up with the
following optimisation Proposals: The current plemgnpractice of very small-sized water
management concepts and resolutions should bedrares] into a planning culture that con-
structs a complete water management concept, inhadpatial planning (city, transport and
landscape planning) based drainage concepts ateeatevelopment plan and project levels
[Andresen et al. 2011]. Furthermore water managémsttements and concepts for large
developed areas that are recorded in small numbettsvelopment plans should be devel-
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oped. There are seldom water management conceptsele areas. Exceptions are the water
pollution abatement concepts for individual flowwgters (comparentroduction).

As a result of the identified optimisation optiotwp ,,new” planning instruments were
developed as a part of RISA. The instruments, tdwlae introduction and implementation of
a water-sensitive urban development, form an ingmbrof the IRWM in Hamburg. In the
future they are to be developed and implementedi¢fsen et al. 2013]:

 The Hamburg Water Plan’ (scale level land develautrpé&an and landscape program)

* The ,,Water Management Support Plan” (mandatoglestevel urban development
planning or within informal preliminary planningrf@xample through competitions,
framework planning etc.)

The technical planning basis for these instrumengsovided in the planning frameworks for
the IRWM as mentioned previously Planning Basics and Information System for the
IRWM. The position of the planned planning instrumearid at which planning level they
are is shown in Table 1:

Table 1: New Planning Instruments at different Planning lleve

. Current Planning "New”
Planning Level )
Instruments Planning Instruments
Spatial Model
Informal Planning Quality offensive Free Space

Environmental Program 2012-2015 | Water Plan Hamburg

Preparatory Urban Land Use Plan

Development Planning Landscape Program

Competitions

Urban Development Framework Accompanying Water Man-

Informal Planning Master Plan® agement Plan WBP

Function Plan?

Mandatory Urban Develop-
ment Planning

Accompanying Water Man-

Development Plans agement Plan WBP

_ o Planning Approval
Planning Permission o o Water Pass
Building Applications

'e.g. Result of Idea and Realisation Competitions (e.g. Master Plan Hafencity)
2e.g. Urban Fuction Plans for Campus BundesstralRe Eimsbdittel

IRWM Road Construction Policy in Hamburg

,Water Sensible Street Space Planning” has tla¢ gfodraining traffic zones, through the
IRWM measures into ,,open” systems. Therefore ribeds will not necessarily connect to
Pipes. Flooding that happens as a result of heawyatl cannot always be avoided despite
optimal drainage systems and the other solutioaisvilere developed within RISA. Therefore
the considerations aim at constructing the stneates so that it can also be used to transport
overflowing rainwater and as a storage space ferflmwing rainwater.

In this overall context the knowledge document ggistions for a Water sensible Street
Space Planning” , for different types of city st® was developed [FHH 2015]. This was
currently released in the Hamburg Code for Planrdng Design of City Streets (ReStra)
[FHH 2015]. This is a first step toward implemengtithe IRWM strongly into the road con-
struction policies of Hamburg or rather allowindgdtbe long term standard practice. Figure 3
is an lllustration of what a possible Water semsBireet Space Planning could look like.
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- g e,
Figure 3: Draft Situation Connecting Road (Left), Water Selestitreet Space Planning over an absorbent
Roadside Tree Grate (right) [FHH 2015]

Suitable funding for Stormwater Management

RISA was arranged coeval to the implementatiorhefdeparated stormwater charge (SSC)
by HW in May 2012 to gain synergies out of bothjects. The SSC was led in 2012 by the
Hamburger Stadtentwasserung (HSE) as a part oHWEBURG WASSER group after
three years of preparation work to ensure a highsparency of costs, a fair arrangement of
the charge and to get at the same time ecologigdled effects. The wastewater fee now
amounts 2.09 €/m3 based on the measured consungstanmking water. On the other hand
the SSC is calculated by the sealed area of a gyopich is connected to the public sewer
system for rain water and amounts actually 0.73 2€/mp.a.
(www.hamburgwasser.de/gebuehrensplitting.html).

The large collection of data for the change in ghargave coeval new awareness and knowl-
edge for the storm water management. In this daseatea-wide recording of the surface
drainage situation enabled the development of raistfor planning and analyze. These
tools like the “disconnection potential map” arewbasics of the day-to-day business of the
storm water management which is more and more obedelirectly to proprietors and area
management.

In future an area-wide GIS-based storm water manageinformation and planning system
should be established for whole Hamburg. It enatadegork on a scale-independent data base
even on a very small scale zoom, which is basetth@wlata collection made during the intro-
duction of the SSC.

Conclusions - RI SA setting of Agenda and For ecast

RISA has produced numerous conclusions and recowfatiens towards the adaption and
potential improvements of rainwater management amblurg. Several projects towards the
implementation of the RISA measures were succdgsfuplemented or they are currently at
the planning phase. The establishment of develpfsthing foundations and the further for-
mulation of new planning instruments are importaotk steps. In the areas of responsibility
and process organisation as well as the areamahée there is considerable effort required
in order to ensure the long term success of RISA.

Therefore the project moves into a permanent ,,RP8écess", towards the long term ap-
proach of the overarching key objectives. For titie following long term ,,Setting of
Agenda” and the fundamental recommendations reésdyg, that should, through political
acceptance show a long term effect in Hamburg:

» Creation of a legal and management framework, iteats the drainage of additional
stormwater into the sewer network only in excemlmituations,
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» Further development and introduction of the RISAnpling instruments “Water Plan
Hamburg” and the “Accompanying Water Management’Rla

» Further development and introduction of the pritespof flood precautions under the
framework of the integral risk management for Hargbu

* Introduction of uniform guidelines towards the pitisation and implementation of
stormwater treatment concepts for Hamburg,

* Development and introduction of a sustainable fornand administrative concept
for surface water drainage facilities in Hamburg,

* Incorporation of water pollution abatement and dqgarotection into the road con-
struction policies of Hamburg,

* The establishment of long term communication aanhiing concepts for the IRWM in
Hamburg.

Ultimately the transfer of knowledge and recomméioda gained, at present in a similar,
concrete and continuous action in the City Statélamburg, is only possible through the
resolution of the Hamburg Senate and where negesaugh the Hamburg City Parliament.
Currently there is a Senate Document in progreshfe purpose, which forms the technical
foundation for the described RISA Structure Plam®Rater 2030.

All project results and reports will shortly be dable for download from the following web-
site: www.risa-hamburg.de
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