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This paper identiﬁes and describes experience with ‘green’ stormwater management practices in Germany. It provides the context in which developments took
place and extracts lessons learned to inform eﬀorts of other countries in
confronting urban stormwater challenges. Our ﬁndings show that an integrated
environmental planning approach helps to balance environmental and urban
development. Further, the transformation to a mixed grey and green infrastructure necessitates both a quantiﬁable long-term goal and a suite of policies to
incentivise green infrastructure and support implementation. Finally, public
authorities must assume leadership while enabling the participation of
stakeholder groups in the transformation process.

1. Introduction
To date, the management of stormwater in urban areas has tended to rely upon
collecting and conveying urban stormwater runoﬀ in combined or separate sewer
networks – either to a wastewater treatment plant or directly into a receiving water
body. Apart from their high initial capital costs and carbon footprint for operations
and maintenance, these conventional ‘grey’ approaches are also associated with
multiple negative hydrological eﬀects. These include intermittent (i.e. storm)
hydraulic stresses and high pollution loads to the receiving waters of stormwater
discharges and combined sewerage overﬂows (CSO) following even small depths of
rainfall or following periods of rapid thawing. Because of their intensive requirements,
available end-of-the-pipe technologies such as stormwater retention basins, CSO
structures and high-rate treatment plants are not always a feasible or suﬃcient
solution. The signiﬁcant expenditure and investment in wastewater and stormwater
infrastructure makes this type of enterprise a candidate for an in-depth study of
options that increase capacity or otherwise improve total system performance.
In North America, a number of European countries (e.g. Germany, Great
Britain, and the Netherlands) and in Australia, water managers and policy makers
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are increasingly considering the use of ‘green infrastructure’ approaches to prevent,
decelerate, and otherwise reduce stormwater runoﬀ volume, with a long-term
objective of complementing (e.g. reducing stormwater volume going into a combined
system) or replacing some parts of current grey infrastructure (Brown 2005, Beenen
and Boogaard 2007, Montalto et al. 2007, US EPA 2007, Environment Agency 2007,
Boogaard et al. 2008, Roy et al. 2008, Roy and Shuster 2009). The term ‘green
infrastructure’ (GI), which originated in the US in the 1990s, is used in this paper in
its broadest form, to describe a strategic landscape approach to the conservation of
open spaces in such a way that ecosystem processes and functions are maintained to
the beneﬁt of nature and human requirements (Benedict and McMahon 2002,
Firehock 2010). With respect to stormwater management, the core concept of GI is
that of harnessing the natural hydrologic cycle processes of inﬁltration, evapotranspiration and other losses to manage rainfall at its point of origin (US EPA et al.
2008). The term is also used to denote a wide range of potentially cost-eﬀective
practices that include the preservation or restoration of wetlands and river buﬀers on
a larger scale to site-level, low-impact developments (LID) such as green roofs,
swales, porous surfaces, rain gardens and rainwater harvesting. Such practices have
the potential to reduce urban ﬂooding, sewer overﬂows and pollution of receiving
waters, help restore the hydrologic cycle, promote the replenishment of groundwater,
mitigate the urban heat island eﬀect through evaporative cooling, and provide
habitat for wildlife (Bolund and Hunhammar 1999, Niemczynowicz 1999, Solecki
et al. 2005, Nowak et al. 2006, Montalto et al. 2007, Matsuoka and Kaplan 2008).
Investments in green approaches, particularly at the municipal level, can help to
reduce capital investment needs during times of ﬁscal restraint and can provide
redress for violations of environmental regulations through a comprehensive
treatment of social equity, economic stabilisation, and environmental restoration
and management (Bolund and Hunhammar 1999, Ngan 2004, Matsuoka and
Kaplan 2008, Firehook 2010, US EPA 2007, 2011). This approach may also aid in
the restoration of watersheds across geopolitical boundaries. However, while
providing many advantages, the implementation of GI is anything but trivial. This
is especially so considering the complexity of urban development and planning, the
administrative fragmentation of responsibilities in the water sector, the variability of
natural conditions, and the high operating costs and depreciable life of conventional
water infrastructure (Brown 2005). If these factors are combined they are perceived
to contribute to a climate of high risk adversity toward the planning, design, and
implementation of GI (Brown 2005).
The analysis and communication of existing experience with using such
approaches in response to urban stormwater challenges can contribute to a better
understanding of the advantages of GI and help manage the real risks involved. This
paper focuses on the German experience with GI during the past decades.
Applications of GI for stormwater management are prevalent throughout Germany.
Indeed, over the past 40 years, LID and LID-related technologies, such as green
roofs, swales and constructed wetlands, have evolved from ecological experiments to
common practice based on standards and norms (Koehler and Keeley 2005,
SenStadt 2010, Buehler et al. 2011). The German experience is most notable with
respect to innovative policy approaches to support and promote the use of GI.
Indications or descriptions of individual German policies, technologies or projects
can be found in current literature regarding stormwater management and on the
complementary use of GI. Yet we ﬁnd that to date no author has provided a
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comprehensive analysis of the wider policy, cultural and temporal contexts, which
have been central to the outcome or success of these management approaches. We
are convinced that such an understanding of context will provide a better basis for a
goal-oriented and outcome-based policy transfer.
This paper aims to ﬁll this identiﬁed gap. We ﬁrst provide a brief introduction to
stormwater management practices and a discussion of the general policy framework.
We then delineate the speciﬁc context, challenges and approaches being used in the
Emscher and Berlin regions. Finally, we extract important lessons that may serve as
a basis for an exchange of experience with other countries confronted with similar
urban stormwater management challenges.
2. Management and policy context in Germany
In Germany, responsibility for both urban stormwater and wastewater management
is delegated to the municipalities. Continuous investment in maintenance and
rehabilitation of the sewerage system has helped Germany avoid major investment
gaps and price leaps. Investment costs are nearly fully covered by sewerage charges,
which total an average annual per capita amount of e115.62, and the overall increase
of charges remains below the national inﬂation rate (ATT et al. 2011). Since 1991,
the wastewater sector alone has invested between e3.7 and e6.9 billion annually, so
that currently 96% of the German population is connected to the public sewers, and
97% of the wastewater and combined sewerage collected is treated according to the
highest European standards, including biological nutrient removal (ATT et al. 2011).
Approximately 31% of the sewers are less than 25 years old and another 39% are
between 25–50 years of age (DWA 2009).
Despite continuous investments, conventional systems for stormwater and
wastewater management are challenged by issues similar to those confronting
many developed countries. These include changing operating conditions (most
notably demographic change leading to sharp decline or increase of population
depending upon the region), and an increasing frequency and intensity of storm
events. Rural areas of the Northeast, for example, have been widely aﬀected by a
population decline of 7% and more since the early 1990s following Reuniﬁcation,
and this trend is expected to continue (Hillenbrand et al. 2010). In many larger cities,
particularly in the Southwest, population increase and high land-use rates necessitate
an enlargement of capacity for stormwater and wastewater management. Increased
ﬂooding is a nationwide problem while CSO and stormwater discharge from
separate systems remains a major source of concern for the quality of surface waters,
both in terms of pollution and hydraulic stress (Zebisch et al. 2005).
In response, the use of stormwater policy instruments to promote GI, or more
speciﬁcally LID, is widespread on a municipal level. Of 398 municipalities polled in a
2003 survey, 104 reported having such policy instruments in place. Approximately 18
localities provided direct ﬁnancial subsidies, over 50 provided indirect ﬁnancial
subsidies and 36 mandated the use of LID for stormwater management under
speciﬁc conditions (FBB 2003). More recently it was estimated that 106 m2 of roof
space is greened yearly, representing an estimated 10% of new private and
commercial developments (SenStadt 2010).
More recently, GI has received additional support through national-level water
policy. The German Federal Water Act (Wasserhaushaltsgesetz) (WHG 2009) and
the State Water Laws together set the legal framework for wastewater and
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stormwater management. The Water Act generally requires that due care be
exercised to maintain the functions of the natural hydrologic cycle and to avoid an
increase of runoﬀ and ﬂow volumes. Following revision in 2008, the Water Act goes
further to prioritise options for stormwater management. Preference is now given to
stormwater inﬁltration near the source (x55, WHG 2009). In support of this,
permission is generally not required for the inﬁltration of lightly polluted stormwater
into groundwater (x46, WHG 2009). By comparison, stormwater collected from
streets and from paved areas with heavy traﬃc requires treatment prior to
percolation or direct discharge in to surface waters. Inﬁltration of any stormwater
in designated water protection areas also requires permits. These regulations
particularly aﬀect new developments and pipeline rehabilitation projects in
developed areas.
The Water Acts also implements the European Water Framework Directive
(WFD), which regulates the protection, management and use of water resources in
Europe, including rivers, lakes, coastal waters and groundwater (WFD 2000).
Having come into force in 2000, this relatively young EU Directive is just now
beginning to impact the use of GI. Fundamental to the WFD is the combined
approach of emission limits and of quality standards for individual water bodies, not
unlike the Total Maximum Daily Load approach in the US. The purpose is to
remediate and otherwise protect all European water bodies by 2025 at the latest.
Following a holistic approach, the WFD requires the establishment of integrated,
catchment-based River Basin Management Plans and associated Programmes of
Measures indicating how the good status of water bodies will be achieved. According
to the ﬁrst management plans from 2009, 137 out of 225 EU river basin planning
units have included measures to decrease impacts of CSO and stormwater discharges
to surface waters, including not only the renewal and expansion of retention and
treatment capacities within the conventional sewerage system but also LID
technologies (BMU 2010).
In compliance with equity and user-pay principles, prevailing German case-law
calls for separate stormwater fees based upon estimates of the actual contribution of
a parcel to the total stormwater burden (Tillmanns 2003, Keeley 2007). At present,
two-thirds of all municipalities have introduced separate fees (ATT et al. 2011),
suggesting that other local authorities will inevitably follow suit in the near future.
Stormwater fees in Germany are based upon individual parcel assessments and are
determined by the surface area which drains to the central conveyance system, with
an average annual stormwater charge of e0.89/m2 impermeable surface and an
average wastewater charge of e1.95/m2 (Keeley 2007, DWA 2009). Surface types and
areas are typically determined based upon aerial photographs and satellite data. In
many municipalities, on-site LID measures which help to restore the natural
hydraulic cycle by increasing inﬁltration or evaporation reduce the stormwater fee,
thus oﬀsetting the costs for the installation of such technologies. For example, a
greened roof is typically rewarded with a 50% discount oﬀ the stormwater fee (Ansel
et al. 2011). Separate fees may therefore have the potential to provide incentives to
implement LID (Keeley 2007). Although the introduction of such fees generally
requires a substantial eﬀort on behalf of the municipality, today they are considered
an eﬃcient form of incentive with some track record of successful implementation
(FBB 2003).
Interestingly, innovative instruments for the promotion of green infrastructure
can be found not only in water policy. Germany has developed a complex tiered
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system of spatial planning instruments that make use of GI for multiple beneﬁts
(stormwater management, but also habitat protection and urban climate control) on
both a local and regional level to reconcile and align ecological conservation
protection goals with those of economic and urban development. These instruments
have their foundation in both nature protection and in building law. The Federal
Nature Conservation Act (Bundesnaturschutzgesetz) establishes landscape planning
as the central instrument for the conservation of natural resources (BNatSchG 2009).
Landscape planning enables a municipality to devise a full-coverage strategy,
tailored precisely to the municipality’s interests. The approach to balancing tensions
between conservation and municipal development is expedited through a local
landscape plan (i.e. the Landschaftsplan), which is based upon speciﬁcations set out
in regional and state-level landscape programmes. At the municipal level, landscape
planning supports the search for mitigation sites and the determination of mitigation
and environmental compensation measures required under nature conservation law
for impacts or intrusions upon the natural environment. The local landscape plans
are complemented by urban land-use plans, stipulated by the German Federal
Building Code (Baugesetzbuch), speciﬁcally the preparatory and binding land-use
plans (BauGB 1960). The preparatory plan shows the intended urban development
for a municipality. Within this framework, the binding land-use plan then deﬁnes the
use of the individual parcels. If impacts or intrusions upon the natural environment
or landscape are to be expected as result of binding land-use plans, mitigation or
compensation measures are required in compliance with the Federal Nature
Conservation Act (Keeley 2004, Buehler et al. 2011). The creation of compensatory
green spaces and LID technologies are acknowledged as candidates for both
mitigation and compensation of such impacts. Areas or measures for avoidance and
compensation of impacts upon nature are likewise included in the binding plan.
Landscape and urban planning instruments therefore oﬀer many possibilities to
integrate stormwater management concerns and to promote green infrastructure on
a range of spatial scales.
In many instances, European and national-level policies have combined with
innovative policies on a regional or local level so as to stimulate the application of GI
to manage stormwater at the source. We provide two instructive examples by
analysing the developments in the Emscher area and in Berlin over the past 20 years.
We have chosen these case studies because both have utilised green infrastructure
and developed robust stormwater management policies in the face of both economic
diﬃculties and disadvantageous population developments during transition to a
more mixed, post-industrial economy. These case studies provide examples for other
developed countries or regions undergoing similar transitions.
3.
3.1.

The Emscher case
History and drivers

Coal mining and heavy industry distinctively shaped the Emscher region in Midwestern Germany and eroded the quality of the Emscher river basin water resources
during the last centuries. As early as 1899, the Emscher Public Water Management
Association (Emschergenossenschaft) was voluntarily founded and ﬁnanced by the
surrounding municipalities, mining companies and industry to deal with increasing
hygiene and ﬂooding problems. Since it was founded, the overall objective of the
Emschergenossenschaft has been to balance the demands of the diﬀerent users (i.e.
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humans, the economy and nature), and the association has taken on tasks covering
wastewater and stormwater management, ﬂood protection and groundwater
management. Yet whereas its mission has remained the same over time, the means
for achieving it have changed quite dramatically.
Early on, confronted by widespread occurrences of land subsidence due to
mining, the Emschergenossenschaft straightened, deepened and embanked the
Emscher River and canalised its tributaries, thereby essentially creating a combined
surface sewer. The coal crisis of 1957 led to a radical structural change in the region
and to a transition away from the heavy mining industry to a post-industrial
economy based on high-tech and service industries. This transition also sparked a
large-scale project to restore the Emscher River, which began in the early 1990s and
will be completed during the next two to three decades (Stemplewsi and Raasch
2002). Central to this infrastructure project is a 51 km long sewer main running
parallel to the Emscher River. By redirecting wastewater to treatment plants through
a new subsurface sewer system, the goal is then to re-naturalise the surface hydrology
of the Emscher catchment and its tributaries, converting many former industrial sites
to green spaces in the process. The size and costs of the new sewer system were kept
as low as possible by reducing the stormwater burden to the system through the
widespread and concerted use of GI.
3.2. Policies and pilot projects
Initially administrators, politicians and the public were sceptical regarding the
feasibility of utilising GI to achieve the separate management of stormwater and
sewerage within the Emscher watershed (Becker and Raasch 2005). In 1992, in order
to address doubts, the Emschergenossenschaft undertook a pilot project in the City
of Gelsenkirchen. LID technologies were applied to decouple a large portion of the
settlement from the central conveyance system. These included measures such as
swales with French drains (Mulden-Rigolen Systems) for water from roofs and
gardens, and open channels and swales for street water. To incentivise the
implementation of further stormwater projects in the Emscher region, the
Emschergenossenschaft set up a grant programme with a budget of approx. e5
million (10 million DM). The programme subsidised the disconnection of surface
area from the sewer system with e5/m2 (10 DM/m2) on average between 1994 and
1999 (Spengler 2011). As most projects were completed on private parcels and later
maintained by the landowners themselves, robust technologies and simple
maintenance were of major importance. The programme successfully incentivised
the implementation of GI projects and was found to be useful for demonstrating the
eﬀectiveness of LID. It also increased involvement and support of citizens and
turned the public into partners in stormwater management (Becker and Raasch
2005). By enhancing citizen engagement, the programme fostered acceptance for
subsequent, larger-scaled projects in the region. It was also soon discovered that the
eﬀort needed to implement stormwater management on small plots was high in
relation to the achieved disconnection rate of surface areas.
Following the initial programme, the Emschergenossenschaft and the Environment Ministry of the Land North Rhine-Westfalia (MNULV) launched a joint
grant-contest in 1998 called ‘Route de Regenwasser’ (rainwater route). Of 46 initial
applications, 17 projects, intentionally of various sizes and design, were awarded a
grant – one representative project in each city of the Emscher region. The grant
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Figure 1. Stormwater management through green infrastructure in the Emscher region; the
(yellow) line connects the 17 projects of the grant contest ‘Rainwater Route’. Source:
Stemplewski and Raasch (2002). See online colour version for full interpretation.

covered 80% of the investment costs of each project, totalling nearly e6.25 million
(12.5 million DM). The projects eﬀectively disconnected 275,000 m2 of impervious
surface area from the combined sewer system by 2001 (Stemplewski and Raasch
2002). To increase public awareness, maps showing the location of the projects were
made available (Figure 1), and the projects were connected via bike routes.
3.3.

Strategy and commitment

The successful implementation of these ﬁrst projects demonstrated the overall
feasibility of applying green infrastructure to manage stormwater. Thereafter, a
comprehensive strategy was designed to identify and link smaller-scale stormwater
projects with an ecological and economic advantage for the overall Emscher
restoration (Becker and Raasch 2005). This entailed a detailed assessment of the
available potential for decoupling within the Boye basin, an 80 km2 wide sub-basin
of the Emscher. The outcome of this assessment was that between 12–18% of
impervious surfaces in this basin could be decoupled within 7–12 years. Further, this
assessment demonstrated that LID, installed in the right locations, could
substantially reduce the necessary dimensions of the sewer system and the amount
of stormwater needing treatment (Becker and Raasch 2005). Extrapolated to the
entire Emscher watershed, the results showed that a 15% reduction of impervious
areas draining to the sewer system would cost e250 million yet would reduce the
investment costs in the central system by e270 million. As private investment was to
cover GI implementation costs – at least in part – these were costs of major
importance (Becker and Raasch 2005). The same authors demonstrated the possible
economic impacts for both investors and municipalities, using the hydraulic sewer
rehabilitation project in Recklinghausen as an example: 19 reaches of the sewer with
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a total length of 700 m were to be enlarged at a cost of e700,000 (Becker and Raasch
2005). The application of LID technologies to reduce the stormwater runoﬀ of a
hospital into the sewer resulted in a required rehabilitation for only two reaches,
reducing the necessary investment to e67,000. The investment costs for decoupling
the 4.15 hectares of developed area were approximately e450,000 and were shared
nearly equally by the Emschergenossenschaft and the hospital. As the sewerage fees
of the hospital were reduced annually by approximately e33,000, the private
investment was amortised within seven years (Becker and Raasch 2005). Such results
demonstrated the feasibility of implementing stormwater projects that resulted in
economic win-win situations for all parties, but also pointed to the need to
speciﬁcally target and prioritise appropriate locations. To this end, in 2003 the
Emschergenossenschaft and the planning and building departments of the 17
Emscher municipalities developed the ‘Management Information System Rainwater
BIS/RW’ (‘‘Bewirtschaftungsinformationssystem Regenwasser) (Becker and Raasch
2005). This system provides online accessible information on both stormwater
management options, based upon geological, morphological, topographical, soil
types and geohydrologic information, and on the potential to reduce stormwater
impact on the sewerage in a speciﬁc area as a function of current settlement
structures and space availability. It also links potential measures to the state of the
sewage system in the particular area in order to help prioritise projects in line with
system rehabilitation needs. The BIS/RW information system veriﬁed that suﬃcient
space was available to achieve the desired decoupling of 15%. Yet to overcome
remaining doubts, an additional ‘catalogue of measures’ was developed to further
persuade decision makers. Based on the BIS/RW information system, the
Emschergenossenschaft identiﬁed nearly 4000 speciﬁc measures within the Emscher
watershed that could be taken, validated the decoupling potential using aerial
photos, and veriﬁed a considerable number of measures via site visits. According to
Becker and Raasch (2005), the following criteria were used to select project
measures:
. Settlement structure: row apartment housing, industry, trade and public
ownership were preferred, as only a small number of owners needed to be
persuaded to take part. Concepts were elaborated for publicly-owned facilities
such as churches, kindergartens, schools and sports facilities.
. Decoupling potential according to the BIS/RW.
. Type of possible measures according to the geomorphologic conditions, the
possible measures and their related costs; for example, installing a swale-spall
drain system (Mulden-Rigolen System) is approximately 5–10 times more
expensive than a swale (Emschergenossenschaft 2008). Simpler and potentially
cheaper measures were preferred.
. Enforceability: including the interdependence with other activities such as city
development but also the better enforceability on public grounds.
. Possible synergies with other water management or urban development
measures in the area.
The Emschergenossenschaft then went as far as completing the conceptual planning
for numerous projects, thus facilitating actual implementation (Becker and Raasch
2005). The measures proposed are now being pursued and co-ordinated with the
construction and rehabilitation of sewers and with river restoration measures.
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In 2005, the mayors of the 17 member cities of the Emschergenossenschaft, the
(MNULV), and the Emschergenossenschaft signed a joint political commitment
which obligates each signatory to promote and support the green infrastructure
approach to stormwater management in order to reduce stormwater drainage
through the sewer systems by 15% within 15 years (by 2020), or ‘15 in 15’ (MUNLV
and Emschergenossenschaft 2005). No such commitment setting a deﬁned water
management goal can be found elsewhere in Germany. Although not legally binding,
this agreement has proved to be a very important element for promoting the GI
approach.
3.4. Instruments and implementation
Through to the present day, the Emschergenossenschaft, the member municipalities,
and the State of North-Rhine Westphalia continue to support the execution of GI
projects through a set of managerial, ﬁnancial and informational instruments.
The majority of the 17 Emscher municipalities have designated ‘stormwater
managers’, who collaborate with the stormwater team of the Emschergenossenschaft
and inform the mayors concerning the implementation progress (Spengler 2011). To
promote maintenance and assure that stormwater management performance is
achieved over time, the Emschergenossenschaft oﬀers free inspections of stormwater
facilities for property owners. Approximately 400 facilities have been inspected
repeatedly in the last few years by external evaluators with very good results
(Spengler 2011).
As to be expected, ﬁnancial instruments continue to play a central role. All 17
municipalities introduced separated fees for stormwater, which are based on the
impervious surface area, and lowered the sewerage charge. On average, disconnected
surfaces generate annual savings of e1/m2. In addition, in 2005, the Emschergenossenschaft established a grant programme to support GI-based stormwater projects
with a total budget of e70 million, which is generated through the decreased costs for
the grey infrastructure system resulting from stormwater management at the source.
MUNLV also contributed e35 million from the revenues of the wastewater levy.
Municipalities apply for the grants (for themselves or on behalf of landowners) and
the Emschergenossenschaft decides on funding based mainly upon the criteria costeﬀectiveness, economic advantage and size (Spengler 2011). Funding up to 80% of
the investment costs was possible until 2008, but since then has been reduced
annually by 5%. The programme favours the implementation of larger stormwater
projects (e.g. streets, schools, churches, warehouses, industrial sites and housing blocks).
Public housing societies have been particularly active. Such societies typically manage
larger housing blocks, often for lower-income families. In a region experiencing
population decline, the housing market is under less pressure and the housing societies
must expend more eﬀort to enhance the attractiveness of larger housing blocks
(Spengler 2011). In an eﬀort to accelerate the implementation of projects, earlier project
starts are rewarded with higher grants (Figure 2) (Spengler 2011).
Through 2011, half of the grant budget had been spent and a 4% reduction of
stormwater discharge into the sewer was achieved. This value is just slightly below
the 2010 target of 5%, and the majority of municipalities have elaborated concepts
to achieve the mid-term goal of 7.5% by 2013 (Spengler 2011). Although it was
estimated that municipalities of the region could save a total of e200 million by
implementing ‘15 in 15’, a number of municipalities still struggle with designating the
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Figure 2. Application of GI for stormwater management on property of public housing in
the Emscher region. Ó Authors.

initial funds necessary from the public budget. Here, the prognoses and balances of
the smaller municipalities are generally better because the decision-making process is
more simple and direct, and also because the implementation of a single large project
can have a signiﬁcant impact on the balance for the entire municipality, as
demonstrated by the Recklinghausen example above.
Finally, information has been a powerful tool in the progress toward stated
management targets. The Emschergenossenschaft provides extensive information to
the public in the form of brochures and a manual on decentralised stormwater
management (Geiger et al. 2010). In addition, a travelling exhibition demonstrating
LID technologies and a comprehensive website about regional stormwater management were designed to continue public outreach and keep citizens abreast of progress
(Spengler 2011, Emschergenossenschaft 2012).
4.
4.1.

The Berlin case study
History and drivers

Berlin’s unique history, especially the period of its division following the Second
World War and the 20 years following reuniﬁcation in 1990, have driven the city’s
evolution and implementation of sustainable water management practices, including
the utilisation of green infrastructure. There is a historical precedent for water
conservation and eﬃciency in Berlin. For 40 years, West Berlin functioned as an
urban island entirely surrounded by East Germany. During this period of isolation,
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the city strove to close its water cycle and become self-suﬃcient, thereby relying
solely upon groundwater resources, mainly river bank inﬁltrate, extracted within the
limits of the city (Salian and Anton 2010). Wastewater and stormwater were
discharged to these same surface waters, thus necessitating high standards for
wastewater treatment. Water extraction exceeded natural groundwater replenishment and artiﬁcial groundwater recharge was carried out on a large scale,
complemented by decentralised rainwater inﬁltration.
Berlin’s isolation from the surrounding countryside simultaneously generated a
high demand for inner-city green spaces for recreation, urban climate, air quality
control and wildlife, and increased the receptiveness of both the administration and
the general public to water and urban ecology issues. Therefore, the ‘island’ situation
of West Berlin essentially prepared the ground for the successful implementation of
integrated and at times unique policies for the creation and protection of green
spaces on both a small and large scale. Although new options for water supply were
available following Reuniﬁcation in 1990, reunited Berlin opted to retain the closedwater-cycle paradigm and to fortify the system ensuring the sustainability of the
city’s water. In particular, the necessity for groundwater replenishment has
promoted decentralised forms of stormwater management (Salian and Anton 2010).
Despite speciﬁc conditions that favour green infrastructure utilisation, Berlin
faces serious barriers in its attempts to continue to expand usage of this technique.
The ongoing redevelopment of infrastructure in the former East Berlin has been a
formidable challenge since Reuniﬁcation. Speciﬁcally, ﬁnances have been strained by
the need to revitalise and harmonise infrastructure of all types and to redevelop vast
expanses of fallow land, including the former city centre. Early expectations for
substantial population growth in the new national capital did not materialise.
Instead, the population has remained more or less stable and water demand has
decreased by over 40% since 1989 as a result of a loss of water-intensive industries
(SenGuv 2007). The lack of demand for water resources, value placed on natural
green spaces, continued degradation of and reduced environmental eﬀectiveness of
older combined systems, and climate change have jointly called for increased
consideration, if not implementation, of green infrastructure.
4.2.

Evolution of ﬁnancial incentives

In general, while direct ﬁnancial subsidies were preferred in the early years of
promoting green infrastructure, planning instruments, non-ﬁnancial incentives, fees
and regulations have played the dominant role since Reuniﬁcation (Ngan 2004,
Buehler et al. 2011). In the early years of promoting GI (1983–95), the Berlin Senate
provided direct subsidies to increase green spaces, decrease impervious cover in the
dense city centre and improve evapotranspiration through measures such as greened
courtyards, green facades and green roofs (Koehler and Keeley 2005, Keeley 2004,
Reichmann 2009). Total subsidies of e16.5 million resulted in 740,000 m2 of
courtyards and facades and 65,000 m2 of green roofs, mainly on private property
(Ngan 2004, Reichmann 2009). The programme ended due to a lack of funds;
however, some inner-city districts continue to run similar programmes today. It is
noteworthy that ﬁnancing is generally coupled to predeﬁned spatially-diﬀerentiated
nature protection goals (see Green Area Ratio – GAR – below) to maximise the
positive impact of a limited budget. Because decreasing CSO was not the main
motivation of these programmes, their impact upon CSO has never been estimated.
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In the late 1980s, Berlin also initiated a programme to speciﬁcally support
experimental ecological building and urban development projects (‘Pilot projects in
urban ecology’). Sustained for two full decades, one of the thematic areas was
‘integral building concepts’, which placed a strong focus upon LID for stormwater
management and long-term trials and optimisation of new technologies in a typical
local setting, supported through scientiﬁc investigation and analysis (SenStadt
2011a). The strategy of the Berlin programme was to demonstrate the costeﬀectiveness of the measures and to generate a publicly-available knowledge base,
guidance on planning, implementing and maintaining GI installations and
regulatory standards (SenStadt 2010, Reichmann 2011). Ultimately, the city
published compulsory rainwater management and ecological construction guidelines
for all public construction projects (schools, administration oﬃces, etc.) and projects
receiving public support from Berlin, thereby placing the public sector intentionally
in the role model position and securing the transfer of research knowledge to practice
(SenStadt 2011b).
4.3.

Integrated planning and strategies

Early on, Berlin made extensive use of available planning instruments to support GI
on both a large and a small scale. Required by Nature Protection Law (see Section 2
Management and policy context in Germany), the ﬁrst ‘Landscape Programme
including Nature Conservation’ (Landschaftsprogramm – LaPro) was enacted in
1988 and provided Berlin with a city-wide, strategic and binding planning instrument
to ensure that ecological concerns, such as the preservation of natural habitats and
open green space, are incorporated into urban development (Cloos 2004, SenStadt
2011c). In conjunction with the urban land-use planning, the LaPro provides the
basis for future urban development and the creation of binding Land-use and
Landscape Plans for speciﬁc city sections. The introduction of the Green Area Ratio
(Biotopﬂaechenfaktor) (GAR) in Berlin starting in 1994 was a novel application of
Landscape Plans to realise inner-city ‘greening’ goals of the LaPro by incentivising
GI on a smaller scale (Keeley 2011). The GAR is a binding value (between 0.3 and
0.6) for the portion of a speciﬁc plot of land under development that must serve a
function for the ecosystem (SenStadt 2011c). To calculate the GAR, surface types are
weighted according to the ability of that cover type to store, evaporate or inﬁltrate
rainwater and provide other environmental services. Weighting factors range
between 0 (impervious surfaces) and 1 (vegetated surfaces connected to soil below)
per m2. Green roofs, to provide just one example, are weighted with a factor of 0.7.
Unlike general ‘open space’ requirements, the GAR incorporates various LID
techniques, an innovation which provides more ﬂexibility for architects and property
owners in meeting requirements (Becker et al. 1990, Keeley 2011). City planners have
received positive feedback from architects and property owners about the GAR, as it
is easy to use which results in immediate visual improvements and can provide other
beneﬁts, such as energy savings. City planners appreciate that the GAR calculation
logic is similar to other planning indices and ratios, rendering the training of staﬀ
easier (Ngan 2004, Keeley 2011). They also value access to the GAR administrations,
which provide information about how to meet GAR requirements and reduce
stormwater fees (Keeley 2011). Currently, 12 of Berlin’s 28 binding Landscape Plans
contain GAR goals. Fourteen additional plans with GAR have been introduced and
await approval. From a political perspective then, the GAR can be deemed a
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successful policy approach. However, its environmental impacts are much more
diﬃcult to assess; because of its dependence upon cycles of urban renewal, the GAR
is slow to yield its positive impact.
Environmental goals deﬁned in the LaPro can also be directly mandated in the
binding Land-use Plans for new urban development. This instrument is used in
Berlin to directly stipulate the use of LID for stormwater management, although not
as extensively as in other cities, such as in Stuttgart, where this strictly regulatory
approach is common practice today (Ansel et al. 2011). Indeed, urban planners and
architects have demonstrated considerable resistance to such binding provisions
which allow less ﬂexibility than the GAR approach described above (Rehfeld-Klein
2011).
More recently, the implementation of the EU Water Framework Directive (see
Section 2 Management and policy context in Germany) and river basin planning has
provided increased impetus for the use of green infrastructure for stormwater
management in Berlin, as the most signiﬁcant pressures to Berliner water bodies
relate to stormwater. Berlin and the State of Brandenburg, which encircles the city,
have agreed upon strategic nutrient reduction goals on a sub-catchment level, with a
total reduction of approx. 50% to be achieved by 2021 (SenGuv 2011). For two of
nine sub-catchments, basin-wide decentralised stormwater management concepts
will be required to achieve the set goals, either because central treatment and storage
capacities are not feasible or not eﬃcient (SenGuv 2009). Further agreed measures
for all basins include strategic improvements to river morphology, which will require
improved connection of existing green spaces that will beneﬁt biodiversity and
provide ﬂood management services. Although at an early stage of implementation,
the WFD river basin approach is greatly valued by city oﬃcials and utilities alike
because it demands communication among all relevant stakeholders, provides an
evidence-based method for prioritising measures according to their cost-eﬀectiveness, and helps to avoid decisions that might reduce future options for action
(Rehfeld-Klein 2011, Lemm 2011).
4.4.

Fees and regulations

In the year 2000, Berlin stormwater management regulations were reformed so as to
improve groundwater recharge through stormwater management at the source. Most
notably, the reform included the introduction of separate stormwater and wastewater fees based upon individual parcel assessment and a more stringent approach to
permitting separately collected stormwater to surface waters. These regulatory
changes have prompted the widespread use of GI for stormwater management in the
last 10 years.
Typical for split fees in Germany, the stormwater fee provides discounts or
exemptions for surfaces based on their contribution to runoﬀ, thereby incentivising
green roofs, other typical LID for stormwater management (rainwater harvesting
and inﬁltration) if these comply with existing technical rules, and the reduction of
impervious surfaces (SenStadt 2002, Keeley 2007). At e1.90 per unit area (m2) of
impervious surface per year, Berlin’s stormwater fee is the highest in Germany and is
currently the greatest ﬁnancial incentive for promoting green infrastructure in the
city. This is particularly true in relation to industries and businesses operating large
sites with considerable amounts of impervious cover and for the public sector
(including schools, sports ﬁelds, hospitals, administrative oﬃces, etc.), who had long

Downloaded by [209.183.255.146] at 05:09 07 March 2013

14

D. Nickel et al.

proﬁted from a combined wastewater and stormwater fee based on water
consumption (SenStadt 2002, Reichmann 2011, Sieker 2011). For example, in
2002 it was estimated that the total fees for water services increased by 60% in the
public sector as a result of the new fee system (SenStadt 2002). In response, the city
published a catalogue of measures, building costs and decision strategies for
reducing the costs of water in the public sector, which is equally applicable in other
sectors (SenStadt 2002). According to the perceptions of public oﬃcials and
professionals in stormwater management, home owners and owners of residential
buildings are also becoming increasingly aware of fee reduction options (Reichmann
2011, Sieker 2011). The central ﬁnding is that separate fees work best when used in
conjunction with other instruments and incentives, and particularly so with respect
to existing developments. Viewed in the absence of other incentives, fees are too low
to stimulate signiﬁcant land use changes. This ﬁnding conﬁrms the results of both
Keeley (2007) and Buehler et al. (2011). Although the new fee system conforms to
legal practice, transparent communication of its beneﬁts proved central in
establishing suﬃcient acceptance for the new instrument.
Years before the adoption of a similar approach in German Federal Water Law
(see Section 2 Management and policy context in Germany), Berlin introduced the
‘rainwater-management-at-source’ paradigm under the Berlin Water Act (Berliner
Wassergesetz) in 2000 with the aim of improving groundwater recharge (BWG
2005). The provisions speciﬁed diﬀerentiated technological and permit requirements for the inﬁltration of rain from diﬀerent surfaces according to expected
pollution and provided for permit-free inﬁltration of only lightly polluted
rainwater. These new regulations combined eﬀectively with a pre-existing but
increasing tendency to deﬁne permissible stormwater discharges to surface waters
according to pre-development, natural runoﬀ rates in response to mounting waterrelated and environmental pressures in the inner-city area. For example, a
stormwater discharge permit allowing a maximum discharge rate of 3l/s per hectare
(0.035 ft3/s per acre) led to the development of a rainwater management concept in
connection with the redevelopment of the 7 ha Daimler-Chrysler section of the
Potsdamer Platz, the city’s former city centre which was destroyed during the
Second World War and was ﬁrst redeveloped in the late 1990s (Gellert and
Nonnenbroich 2002). With conditions inappropriate for inﬁltration, a rainwater
harvesting concept was required to manage an average of 32,000 m3 rainwater/
year. The rainwater harvesting concept was implemented with the aim of
controlling urban ﬂooding, saving water and operating costs, and creating a better
micro climate. Rainwater is collected from 44,000 m2 of mostly greened roof space,
treated, and ﬁnally stored in large rainwater basement tanks. It is then used for
toilet ﬂushing, watering of green areas and the replenishment of an artiﬁcial urban
water body (Figure 3), which enables the evaporation of nearly half of the yearly
rainfall (Gellert and Nonnenbroich 2002).
With similar stormwater discharge restrictions in place, and additionally
motivated by both the current stormwater fees of an estimated e1 million/year
and climate concerns, the pending urban redevelopment project of the 405 ha, cityowned site of the former Tempelhof Airport will also entail a comprehensive strategy
for on-site stormwater management with green infrastructure elements (SenStadt
2009, Sieker 2011).
Despite these and other successful examples, the widespread use of this
management approach is often thwarted by a belated consultation of the water
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Figure 3. The artiﬁcial urban water body on Potsdamer Platz provides for rainwater storage
and puriﬁcation, recreation, and natural habitats. Ó PPMG Potsdamer Platz Management
GmbH.

authority in the urban planning process, which then precludes the integration of
optimal stormwater management options (Rehfeld-Klein 2011).
5.

Discussion and conclusion

The Emscher region and Berlin have both successfully integrated and implemented
meaningful plans and policies for stormwater management and GI. These case
studies are notable for their innovative character, the long-term tenacity of actors
involved and the demonstration that progress is possible in spite of adverse economic
or social-cultural circumstances. In each case, robust European-level and nationallevel policies to promote river basin management, integrated spatial planning and
ecological compensation measures merged with creative regional and local
innovations for ﬁnancing and managing stormwater management at the source.
The implementation of these policies has been critical to the transformational
‘greening’ and regeneration of both regions (Beatley 2000).
A number of generalised (de-contextualised) lessons learned can be extracted
from the speciﬁc cases analysed is this study. In summary, our ﬁndings ﬁrst point to
the need for an integrated environmental planning approach that helps to balance
environmental and urban development. The transformation to a mixed grey and
green infrastructure requires both a quantiﬁable long-term goal with an accompanying strategy and a suite of policies to incentivise green infrastructure and support
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implementation. Policy instruments that show bias for a speciﬁc technology should
be avoided. Finally, our ﬁndings highlight the need for public authorities to assume
leadership while enabling the participation of stakeholder groups in the transformation process.
The experiences of the Emscher and Berlin oﬀer insight into the value of an
integrated environmental planning approach. By this we refer to planning that
considers and includes landscape and watershed planning into the broader urban
fabric. Integrated planning identiﬁes and optimises the multiple beneﬁts provided by
GI and helps reconcile conﬂicts of interest. Integrated planning allows for
incremental steps and an eﬀective distribution of scarce funds over a long
implementation process which has an agreed upon deﬁned goal. Integrated planning
also provides a platform for the various actors involved in urban planning to
exchange and begin to understand diﬀerent perspectives, as has been expressed in
connection with the implementation of WFD. Integration of the water and
environmental authorities at an early stage in the urban planning process is a key
to success. Integrated planning binds resources and is likely to be controversial,
therefore political endorsement, as provided for example by the WFD, will increase
the likelihood of success. However, the Emscher case also demonstrates that longterm political will and perseverance on a regional level can also bring about the
integration of key actors in a planning process and secure commitment needed on
behalf of all key actors. A signed political commitment can also help ensure that a
medium to long-term water management goal can outlast possible changes of
government.
The deﬁnition of a common and quantiﬁable long-term goal or perspective is
central to promoting long-term and transboundary transformations such as a mixed
grey and GI approach to stormwater management. It provides the basis for the
planning exercise and for strategy development. It is necessary to assess the costeﬀectiveness and appropriateness of management options, to measure the distance to
goals and the success of implemented options. The speciﬁc goal in the Emscher case
(15% in 15 years) was arguably the single most important factor of success. It
enabled the identiﬁcation of appropriate measures; whenever larger plots or areas
(up to the watershed scale) are planned for redevelopment, water management is
‘rethought’ and opportunities are sought for including concepts of GI to separate
clean stormwater from sewerage at source in an incremental process. Such a
common clear goal related to stormwater management and the inclusion of GI
elements does not exist in the Berlin case. So although Berlin has experimented with
a wide range of innovative policies, the impetus and a reference system for measuring
improvements for stormwater management is lacking. On the other hand, the
political decisions to close the water cycle and to halve nutrient input to surface
water bodies within the next 10 years do provide a continuous motivation to protect
water resources within the city boundaries which reﬂects positively on stormwater
management.
Both case studies also highlight the value of incentivising GI for stormwater
management through a mix of policies, including separate stormwater fees, direct
ﬁnancial support (especially early on in the initial phases of change), integrated
planning, water rights for stormwater discharges, and other regulatory approaches.
For long-term reform (and the utility of any given model within the transfer
process), most of the options discussed have a speciﬁc scope of impact and therefore
reach only a limited target group (stormwater managers, private persons, etc.),
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frequently even only within a speciﬁc ‘window of opportunity’ (i.e. within new urban
development projects). For this reason, a suite of policy instruments is beneﬁcial.
Used in conjunction with one another, they can achieve a greater overall beneﬁt than
the sum of the individual beneﬁts. This ﬁnding coincides with similar ﬁndings by
Buehler et al. (2011) and Keeley (2007). Speciﬁcally, it seems that early use of
ﬁnancial incentives is crucial for promoting the use of GI. Direct support in the form
of subsidies and grant programmes was shown to be advantageous for attracting
‘lead users’, gaining ﬁrst-hand experience with new technologies and adapting them
to regional needs, thereby building trust and know-how. While such instruments
were preferred in the early years of promoting GI, planning instruments, nonﬁnancial incentives, fees and regulations later assumed the dominant role. Separate
stormwater fees in particular can potentially inﬂuence a wide range of actors, both
public and private, if cost reduction potentials and technical alternatives are known.
On a technical level, there is clearly no one-size-ﬁts-all solution. The speciﬁcity of
local land conditions will be a critical predictor of GI eﬀectiveness. The suitability of
technological options and the scale of solutions is a function of the local physical
conditions such as location-speciﬁc soil permeability, density of the urban area, and
baseline water quality. Therefore, regulations and incentive mechanisms that reduce
ﬂexibility and demonstrate bias for a speciﬁc technology are more likely to generate
resistance, miss cost-eﬀective alternatives and hamper innovation.
The experiences in the Emscher Region and in Berlin highlight the need for
public authorities to assume leadership in the transformation process and
demonstrate how this can be done in a variety of ways. Implementing projects on
public grounds, raising awareness, sharing the risks and costs of introducing GI and
providing assistance with implementation and maintenance are just some of the
means that have proven useful. Public authorities appear to be in the best position to
provide extensive information and guidelines. Guidelines support the choice,
implementation and maintenance of cost-eﬀective LID. It is necessary to have a
solid data basis to assess possibilities for applying GI and their contribution to the
total desired outcome, as was demonstrated by the Emscher case. Working with
innovative architects, planners and engineers on demonstration projects eases the
integration of GI into the existing urban fabric. In Berlin it was found that
governmental support for innovation and innovation networks (competence hubs)
helped to ensure that technological know-how is available at the regional level.
Innovation networks and research competencies may best generate the types of data
necessary to plan and design GI.
Finally – and ideally – to increase validity of and support for new approaches,
opportunities for including participation of various stakeholder groups in the
process of transforming from a grey to a grey/green infrastructure for stormwater
management should be seized. This can happen on many levels, e.g. in infrastructure
rehabilitation planning, urban planning and watershed planning, but also during the
introduction of new fee systems or regulations. Yet, at a minimum, supporting the
introduction of new policies and instruments with accompanying public relations
activities and stakeholder speciﬁc information on ﬁnancial and other implications
has proven eﬀective for increasing acceptance.
The experiences and outcomes of the Emscher region and Berlin can possibly
provide a number of valuable lessons regarding a diverse range of options for
transformation processes in stormwater management taking place in other developed
countries. However, the transfer of policy and practice is by no means an automatic
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or self-sustaining process (Dolowitz and Medearis 2009). With all individuals coming
from speciﬁc policy, institutional, socio-cultural and environmental settings and
disposing of case-based knowledge, the challenge of any transnational learning
process is not just to generalise case-speciﬁc knowledge for a wider audience (as we
have done above), but to then adapt – not just borrow – this knowledge within a new
and again speciﬁc context (Hassink and Lagendijk 2001, Potter 2007). Retaining an
understanding of the institutional, political or environmental contexts of Germany’s
experience remains, however, the necessary basis for adapting and applying the
lessons learned under diﬀering contexts. Successful examples for transnational
learning to improve stormwater management do exist, e.g. between Germany and
the US. Two US cities, Seattle and Washington DC, have implemented Green Area
Ratios (GAR) in conjunction with urban landscaping in dense urban areas based
upon the Berlin model. Since 1999, the Northern Virginia Regional Commission has
successfully worked to study and apply GI and related stormwater lessons from
Germany, especially from the Stuttgart region. These successful examples of
transnational learning and policy transfer can serve as models for engaging in
grounded, careful, long-term and systemic study of the environmental, structural,
ﬁnancial and political contexts in which pieces of the Germany model may transform
to ﬁt within a new context.
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