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The water-management aspect of blue-green
infrastructure in cities
Blue-green infrastructure (BGI) consists of natural and
semi-natural (hence green) decentralized systems for
urban stormwater management (hence blue), which, in
addition to their primary purpose, provide a variety of
shared benefits and ecosystem services. With the exception of a few cities that have adopted strategies for systemic BGI implementation, its use is still sporadic, in the
form of isolated best practices, and is absent from Slovenian cities. Due to established spatial planning practices, Slovenian cities have a sufficient amount of relatively
evenly distributed green areas, but these are not planned
according to BGI principles and therefore their potential
for managing stormwater is not utilized (i.e., water-wise
multifunctionality). Because urban space management
and its associated elements are a multidisciplinary field,
we explored the link between spatial planning and water management in international strategic documents and
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in Slovenian national legislation. Based on a literature
review, such connections are promoted at the international level; however, they are not sufficiently integrated
in national legislation. Thus, a sectoral approach to water
management and urban planning still prevails in Slovenian cities. Four examples of systemic BGI implementation
(Rotterdam, Copenhagen, Philadelphia, and Chinese cities) are presented here. They link spatial planning and
water management in BGI design and implementation.
The results of this analysis were used to develop recommendations on integrating spatial planning and water
management that go beyond sectoral urban space management, aiming to facilitate BGI implementation in
(Slovenian) cities.
Keywords: water management, spatial planning, urban
drainage, blue-green infrastructure, climate change
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1 Introduction
Climate change impacts and the current trend of urban development are creating conditions that existing urban infrastructure cannot handle successfully when exposed to extreme
events (e.g., extreme precipitation and heat waves; Krajnc,
2019). Climate change projections for Slovenia predict that
by mid-century one can expect an increase in the number of
extreme weather conditions: severe heat in summer accompanied by greater variability in temperature and precipitation,
more heavy precipitation events (cloudbursts), intensification
of the hydrological cycle, more frequent flooding, a significant increase in the frequency of summer droughts, and an
increase in the number of days with favourable conditions for
summer thunderstorms (Dolinar et al., 2014). Adapting or increasing the resilience of cities to extreme events is a complex
process that requires the involvement and cooperation of all
stakeholders that participate in shaping and managing urban
areas (Klemen et al., 2020). In practice, stakeholders often act
in professional silos and in a disconnected manner, which is
increasingly emerging as one of the greatest barriers to sustainable urban water management (Globevnik & Simoneti, 2020).
This is particularly the case for novel management concepts
that have recently been introduced, such as BGI. In Slovenia
and globally, decision-makers have not yet established suitable
planning and management approaches (Ravnikar & Goličnik
Marušić, 2019).
The key to addressing the challenges posed to cities by climate
change is managing the urban water cycle, which, in addition
to water infrastructure, is directly related to (un)paved urban
areas and their surrounding countryside. Therefore, the spatial
planning process is increasingly important for sustainable water management (Serrao-Neumann et al., 2017). The aim is to
mimic as much as possible the natural surface runoff typical
for the pre-development period in the area. However, new
developments inherently cause more impervious areas, which
require the expansion of grey infrastructure for urban drainage
purposes (i.e., public utility infrastructure, PUI). In sustainable urban management and urban development, stormwater
should not be treated as mere waste, directed to the sewerage system as quickly as possible. Such management acts as
an environmental burden and encourages linear rather than
circular and sustainable management of urban water resources.
In this context, the connection between urban planning and
sustainable development turns out to be of great importance
for (water) resource management (Agudelo-Vera et al., 2011).
This article draws attention to urban water management, which
can only be successful if the integration of all disciplines (water managers, spatial planners, urban planners, architects and

landscape architects, civil engineers, geographers, sociologists,
etc.) involved in BGI and PUI planning, and cross-sectoral
integration at the level of urban governance are ensured. We
first outline the current state of urban water management and
the consequences of climate change. Then we present examples of best practices and opportunities for improving urban
water management with BGI. The article also highlights the
necessary connection between spatial planning and water management at the strategic and implementation levels.

2 Method
In line with the aim and objectives of the article, documents
on the approach to water management in Slovenian cities were
comparatively analysed. We covered documents at the international and national (Slovenian) levels in spatial planning
and water management. We then examined selected examples
of best practices that demonstrate how suitable planning and
spatialization of BGI address existing problems (e.g., flooding, pollution of waterbodies, and urban heat islands) and at
the same time create space that provides additional ecosystem
services (e.g., promoting biodiversity, reducing pollution, and
mitigating urban heat islands). The results of the two analyses were then compared and presented. Recommendations
are given for more integrated cross-sectoral coordinated water
management in Slovenian cities.

3 The urban water cycle and
blue-green infrastructure
3.1 Development of the urban water cycle
The spread of urban areas and urbanization increase the share
of impermeable surfaces and leads to changes in the natural water cycle, especially when traditional urban drainage (i.e., the
use of grey infrastructure) is used (Bacchin et al., 2014). These
changes are reflected in reduced infiltration and evapotranspiration, and in increased surface runoff (Butler et al., 2018).
Hence, the local water cycle is influenced by the history of
urban development and previous urban water-management approaches. These approaches were shaped by the expectations of
society (i.e., cumulative socio-political drivers) and the development of new approaches and technologies that various disciplines used to address emerging social problems (e.g., diseases
such as cholera and typhoid, drinking water shortages, and
floods). Panjan (2005) summarized the development of sanitary engineering, which deals with the management of water
in cities to protect human health, from ancient times to 2000.
It is mainly characterized by three water services: water supply,
wastewater treatment, and urban flood protection. However,
Urbani izziv, volume 32, no. 1, 2021
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Table 1: The development of urban water management.
Phase

Water-management approach

Cumulative socio-political drivers

Service delivery functions

1

Water-supply city

Water-supply access and security

Supply hydraulics

2

Sewered city

Public health protection

Separate sewerage schemes

3

Drained city

Flood protection

Drainage, channelization

4

Waterway city

Social amenity, environmental
protection

Point and diffuse source pollution management

5

Water-cycle city

Limits on natural resources

Diverse fit-for-purpose sources and conservation,
promoting waterway protection

6

Water-sensitive city

Intergenerational equity, resilience
urban design reinforcing water-sensitive
to climate change

Adaptive multifunctional infrastructure and

with improving socio-economic conditions, environmental
awareness, and imminent climate change impacts, awareness
in society is growing that such linear systems place external
pressure on the environment and are unsustainable. Therefore,
the European Water Framework Directive (Directive 2000/60
/EC of the European Parliament and of the Council of 23 October 2000 Establishing a Framework for Community Action
in the Field of Water Policy, 2000) and Slovenian Water Act
(Sln. Zakon o vodah, 2002) set limits and a regulatory framework for achieving good ecological and chemical status of water bodies. However, the adopted regulatory framework is still
based on upgrading existing linear systems (i.e., construction of
wastewater treatment plants) and does not yet follow modern
concepts of water management based on approaches typical for
the circular economy: closure of material flows, reuse, recovery
of natural resources, use of resources that are fit for purpose,
and so on. Considering the emerging changes, Brown et al.
(2009) divided the historical development of existing and
proposed urban water-management concepts into six phases, with the target being a water-sensitive city (Table 1). In
general, most Slovenian and European cities are in the fourth
phase (i.e., a waterway city), encompassing the previous phases,
which provide water supply, wastewater treatment, and flood
protection. Furthermore, some of the water services typical for
the fifth and sixth phases are partially included.
The fourth phase, called a waterway city, focuses on the quality of water bodies in cities and their integration into urban
life because they offer many benefits (e.g., recreational and
leisure opportunities, amenity, and formation of a green urban system), which contribute to improving public health.
Although water quality has improved significantly in recent
decades, mainly due to the end of industrial production and
the construction of industrial and municipal wastewater treatment plants, diffuse and point sources of pollution still pose
a threat. Typical representatives of uncontrolled point source
pollution are combined sewerage overflows. Diffuse sources
of pollution cannot be controlled by centralized systems and
Urbani izziv, volume 32, no. 1, 2021

behaviours

require the introduction of decentralized approaches and technologies. Consequently, the current business model of urban
water management needs to be upgraded, including its financing and the transfer of responsibilities.
The fifth phase, the water-circle city, is based on the recognition that water resources are limited in quantity and quality.
It therefore recognizes the use of lower-quality water resources
(i.e., alternative water sources, such as rainwater, stormwater,
and sanitary wastewater) to meet needs that do not require
drinking water. Because water is a medium that transfers nutrients, minerals, and energy, this phase also addresses their extraction from wastewater, which consequently becomes a new
resource. This approach also requires the involvement of other
sectors (e.g., agriculture, food, and energy) and the adaptation
of their infrastructure.
The sixth phase is the water-sensitive city. The main driver
for development of these cities is climate change impacts and
the desire to make cities as resilient as possible, as well as the
intergenerational transfer of the value of water (i.e., preserving
the quantity and quality of water resources for future generations). Although this phase represents a type of governance,
it is primarily a vision of community development and its
sustainable attitude toward the environment and space. It is
characterized by the diversity and adaptability of technologies,
infrastructure, and land use in cities designed to promote sustainable practices and social capital. The link between society
and technologies plays an important role. In such a context,
the relationship between the water sector and society (i.e., the
social contract) would be constantly changing and would require an adaptable and flexible institutional framework.
With each successive phase, urban water management demands involvement of an increasing number of sectors because
all natural elements (water, soil, air, and living beings) are interconnected. Although this is well understood in general, the
holistic approach toward the management of natural resources
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has been lost by its division into subsystems based on individual disciplines. Therefore, integration and cooperation with
other disciplines that work in urban development is urgently
needed to implement new holistic approaches for water management. Such integration is already establishing itself in some
places with new approaches to urban development planning
(Hung et al., 2012). These are no longer simply searching for
technological solutions but are increasingly moving toward
closing the loop in the urban water cycle by using BGI (Bacchin et al., 2014). This is because green infrastructure adds
value to public open spaces and their contribution to urban
ecosystem services, and blue infrastructure manages stormwater. However, when they are combined, they can provide
significantly more complex benefits in contemporary urban
planning. Recognising BGI as an interdisciplinary approach
for urban planning is therefore crucial for understanding and
implementing it in spatial planning practice.

3.2 Blue-green infrastructure
Blue-green infrastructure can be defined as natural and
semi-natural (hence green) decentralized systems designed
to manage urban stormwater (hence blue), while providing
a wide range of ecosystem services (Liao et al., 2017; Lamond & Everett, 2019). Its basic philosophy is to mimic natural
hydrological processes (i.e., retention, infiltration, and evapo(transpi)ration) with the aim of managing rainwater locally
to prevent generation of runoff and mixing with wastewater.
A standard term for these measures has not yet been established in Slovenia or globally. There are a number of related
terms and concepts in English that are largely based on similar processes and technologies. For example, in the UK, the
most commonly used term is sustainable urban drainage systems (SUDS; Woods Ballard et al.). In the US, the terms used
are low-impact development (LID), best management practice
(BMP), and stormwater control measures (SCM), and in Australia the term used is water-sensitive urban design (WSUD;
Fletcher et al., 2015). They differ primarily in the scale, such
as a single property, a street, a neighbourhood, a district, a city,
or even larger regional systems. Recently, the term nature-based
solutions (NBS) has also become widely used, encompassing
a variety of technologies that mimic or are based on natural
processes and are cost-effective, while providing environmental, social, and economic benefits while enhancing resilience
(Langergraber et al., 2020). These solutions bring more nature
and natural features and processes into cities and landscapes
through systemic interventions that are locally appropriate and
resource-efficient (European Commission, 2020). We would
like to emphasize that these concepts are largely based on the
same technologies and have the same objectives, but, because
they were developed simultaneously in different parts of the
world and within different disciplines, they are named differ-

ently. Based on the definitions presented, it is clear that BGI
should be understood much more broadly and not merely as a
water-management approach. Namely, it offers improvements
not only in water management, but also in many other areas,
such as climate change, agriculture, forestry, urban planning,
nature conservation, disaster prevention, and even regional development. It is therefore a highly interdisciplinary approach
that has not yet been fully implemented in Slovenian practice.
Elements of BGI in urban space are mostly part of green areas and thus, in the spatial planning context, they form part
of the green system of a settlement or green infrastructure as
introduced by the Spatial Development Strategy of Slovenia
by 2050 (Sln. Strategija prostorskega razvoja Slovenije 2050;
Ministrstvo za okolje in prostor, 2020a).
In other countries, with few exceptions such as the UK and the
Netherlands, the additional benefits of BGI have not yet been
sufficiently communicated to national and local authorities,
PUI managers, spatial planners, and the public. Unlike the traditional approach based on drainage and retention of water in
the sewerage system, decision-making guidelines and software
tools do not yet exist for such systems. As a result, the shared
benefits of BGI may be overlooked because the processes for
assessing different solution scenarios are unclear and the longterm operation of these systems is subject to uncertainty or
risk for stakeholders. Although some modelling tools already
include modules for modelling BGI from hydraulic and water-quality perspectives, the shared benefits, such as amenity,
biodiversity, and long-term cost-benefit aspects, are poorly
included in these tools (Chow et al., 2014). However, certain
software tools, such as E2STORMED (Morales-Torres et al.,
2016) allow a comprehensive assessment of individual measures with all their benefits but use simpler hydrological-hydraulic models, and therefore the use of results from more
complex models for appropriate treatment is recommended
(Radinja et al., 2019).
Figure 1 presents the elements of BGI according to their primary purpose: reducing surface runoff, reducing peak flows,
or improving water quality. At the same time, it shows which
processes (e.g., retention, infiltration, and evapotranspiration)
contribute to the achievement of these purposes and to what
extent. Moreover, the shared benefits (i.e., ecosystem services)
provided by the elements are indicated.

4 An integrated approach to urban
water management
International and national strategic documents that guide the
development of a particular field are very important for implementing new concepts and practices. This article explores
Urbani izziv, volume 32, no. 1, 2021
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Figure 1: Elements of BGI and its functions and benefits (adapted from Collett et al., 2013).

the extent to which spatial planning and urban water management are linked because there is an evident need to provide sufficient urban space for implementing BGI. This link
is highly recognized and promoted in international strategic
documents (Table 2) and, to some extent, it can be noted in
Slovenian legislation as well (Table 3). However, it can also
be noted that Slovenia has not yet fully adopted international
strategies in its national legislation, and so the link between
spatial planning and urban water management is somehow
weak. Only rainwater infiltration and green space planning
are represented (Table 3). Moreover, there are (still) no valid
standards or established practices in Slovenia for BGI planning
and stormwater infiltration (Radinja et al., 2017).
BGI represents a way of coordinating spatial interventions
(requirements and developments) and achieving some of the
spatial planning objectives set out in the Spatial Planning Act
(Sln. Zakon o urejanju prostora, 2017):
• Protecting space as a limited natural resource by ensuring
better land use through multifunctionality;
• Providing quality living conditions and a healthy living
environment by enhancing biodiversity;
• Contributing to promoting and protecting human health
by improving air quality and reducing noise levels;
• Protecting the environment by reducing pollution (e.g.,
combined sewer overflows);
• Contributing to climate change adaptation;
• Creating conditions for reducing and preventing natural
Urbani izziv, volume 32, no. 1, 2021

and other disasters by reducing the likelihood of flooding
and by cooling the environment.
In Slovenia, spatial and urban planning have a long tradition of
planning green areas and systems (e.g., Kučan, 1994), which is
reflected both in spatial planning documents and in the space
itself. This is also reflected in the layout of Slovenian cities and
in studies of open public spaces in various Slovenian cities (e.g.,
Vertelj Nared, 2014; Volgemut, 2020). It can be concluded that
in the majority of cases spatial planning in Slovenia addresses
urban water management only indirectly by providing green
areas or systems (Table 3). Nevertheless, these areas have a positive impact on urban drainage because they provide infiltration
capacity and both smaller and slower surface runoff compared
to paved surfaces. However, green areas have not (yet) been
designed with an active function of stormwater retention and
infiltration (i.e., they do not absorb surface runoff from adjacent paved surfaces), and so infiltration is provided passively or
incidentally (Ministrstvo za okolje in prostor, 2020b). In terms
of functionality, green areas should therefore be enhanced with
BGI elements that provide additional ecosystem services, such
as resilience to climate change, maintaining biodiversity, improving ecosystem functions, and providing other benefits
to the population and the economy, particularly for public
health, quality of life, and resource conservation. In this way,
green systems in settlements will provide an extended set of
environmental and ecological functions, thus forming green
infrastructure as introduced in the proposal of the Spatial De-
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Table 2: Spatial planning and urban water management internationally.
Spatial planning

Urban water

1. Urban Agenda for the EU: The Pact of Amsterdam (EC, 2016)

1. Sustainable Development Goals (UN, 2015)

– Goal 6: Ensure availability and sustainable water management
The priority topics include climate adaptation (including green infraand sanitation for all;
structure solutions), sustainable land use, nature-based solutions,
– Goal 11: Make cities and human settlements inclusive, safe, resiland air quality.
ient, and sustainable.
2. New Urban Agenda: The Quito Declaration (UN, 2017)

2. Principles for Water Wise Cities (IWA, 2017)
Level 2) Water-Sensitive Urban Design:

Two commitments for environmentally sustainable and resilient
urban development that are strongly related to water:

– Planning and implementing urban designs that promote regenerative water services.

72. We commit ourselves to long-term urban and territorial planning processes and spatial development practices that incorporate
integrated water-resource planning and management, considering
the urban-rural continuum at the local and territorial scales and including the participation of relevant stakeholders and communities.

– Designing urban spaces to reduce flood risks. Increasing resilience to flood risks by developing improved drainage solutions
integrated within the urban infrastructure design to provide safe
flooding spaces.

73. We commit ourselves to promoting the conservation and sustainable use of water by rehabilitating water resources within urban, peri-urban, and rural areas, reducing and treating wastewater,
minimizing water loss, promoting water reuse, and increasing water
storage, retention, and recharge, taking the water cycle into consideration.

– Enhancing liveability by designing visible water areas in cities.
Roadside green infrastructure (rain gardens and bio-swales) and
major blue-green corridors as opportunities for social inclusion:
recreation, inclusive public spaces, economic development and
transportation, multi-purpose spaces, and infrastructure.
– Modification and adaptation of urban materials (for roofs, wall
surfaces, roads, and urban furniture) to prevent the release of
pollutants when exposed to sun and rain.

Table 3: Spatial planning and urban water management in Slovenia.
Spatial planning

Urban water

1. Slovenian Spatial Development Strategy (Sln. Strategija prostorske- 1. Slovenian Development Strategy 2030 (Sln. Strategijo razvoja Sloga razvoja Slovenije; Ministrstvo za okolje in prostor, 2004)
venije 2030; Služba Vlade Republike Slovenije za razvoj in evropsko
kohezijsko politiko, 2017)
Urban drainage is mentioned twice:
– The topic of urban development: “From a safety point of view,
settlements should have as much green space as possible to
compensate for large temperature extremes and to allow for the
gradual drainage of rainwater.”

Goal 9: We will achieve sustainable natural resources management
by:

a) introducing an ecosystem-based approach to managing natural
resources and by moving past the sectoral way of thinking, such
as via the well-timed harmonization of national and cross-border
– The topic of wastewater and stormwater drainage and treatment: interests in mixed fields with regard to water, food, and energy
ecosystems, which should change and adapt in the future due to
“Stormwater and wastewater shall be discharged separately
where this is economically viable and technically feasible. Rainwa- the consequences of climate change;
ter should be retained as long as possible at sites where it falls,
b) effectively managing surface water and groundwater, coastal and
and surface runoff should be redirected into the nearest water
maritime resources, and achieving their good condition;
body.”
2. Strategy for Protection and Development of Green Infrastructure
in the Ljubljana Urban Region (Sln. Strategija varstva in razvoja
zelene infrastrukture v Ljubljanski urbani regiji; RRA LUR, 2019)

2. The Water Act

Goal 1: Improved environmental status
The law stipulates that the protection of urban areas from the
harmful effects of rainwater is the responsibility of the local government, which particularly includes measures to reduce surface
runoff from urban areas and measures to limit the spills of wastewater and stormwater. Local government decrees usually regulate
infiltration of rainwater whenever possible and permissible; howeGoal 4: Climate change mitigation and adaptation
ver, if this is not possible, it is necessary to minimize the discharge
It is important to manage both water-related extremes (water scar- of stormwater into the public sewerage system, either by retaining
city and flooding) and the connections with other activities, such as it or by reusing it (Odlok o odvajanju in čiščenju komunalne in
agriculture. Both extreme rainfall and temperatures can be mitiga- padavinske odpadne vode v Mestni občini Ljubljana, 2018).
ted with green infrastructure or spatial measures in urban areas.
Particular attention should be paid to water management (infiltration, water retention, and flood protection) and to designing
solutions that provide several functions at the same time (retention
areas can be both attractive for leisure activities and have a positive
impact on the microclimate).

Urbani izziv, volume 32, no. 1, 2021
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Spatial planning

Urban water

3. The Spatial Planning Act

3. Decree on the Emission of Substances and Heat When Discharging Wastewater into Waters and the Public Sewage System (Sln.
Uredba o emisiji snovi in toplote pri odvajanju odpadnih voda v vode
in javno kanalizacijo, 2012), Decree on the Emission of Substances in
the Discharge of Stormwater from Public Roads (Sln. Uredba o emisiji
snovi pri odvajanju padavinske vode z javnih cest, 2005)

The law defines green systems as a planned system for protecting
and developing green spaces in urban areas and other green and
manmade structures that are linked with them. The purpose of
spatial planning (Article 2) is to achieve sustainable spatial development by comprehensively addressing, coordinating, and managing its social, environmental, and economic aspects to achieve
spatial-planning objectives (e.g., to contribute to climate change
and create conditions for reducing and preventing natural or other
disasters).
4. Decree on the Spatial Order of Slovenia (Sln. Uredba o prostorskem redu Slovenije, 2004)

The decree specifies under which conditions stormwater may (not)
be discharged (indirectly) into groundwater, directly into inland
water bodies, or into the sea. Restrictions are conditioned by the
type of surface from which the stormwater originates, the water
protection zones, or the type of aquifer the road crosses.

4. Decree on the Methodology for Determining Prices of Obligatory
Municipal Public Services for Environmental Protection (Sln. Uredba
o metodologiji za oblikovanje cen storitev obveznih občinskih gospodarskih javnih služb varstva okolja, 2012)

– Planning water-supply systems should rely on lower-quality water
sources as much as possible when water is used as a source of
The decree stipulates that the cost of collecting and treating raprocess water, fire-fighting water, or other non-potable water
inwater from roofs must be billed under a separate heading. This
(Article 52).
informs and motivates people to retain rainwater on their property
– Roof and terrace rainwater should be drained within the building and consequently reduces the flow of rainwater into the public
plot by means of soakaways, soakaway trenches, or soakaway
sewerage system.
drainage pipes, in accordance with the environmental protection
regulations.

velopment Strategy of Slovenia by 2050 (Ministrstvo za okolje
in prostor, 2020a). The proposal defines green infrastructure at
the regional level as green systems of regions and at the local
level as green systems of settlements, thus paralleling it with
the previously established planning of green systems.

phasizes that “integrated and inclusive management are identified as key factors in sustaining the benefits and unlocking the
potential benefits of green infrastructure” (RRA LUR, 2019:
33). At the same time, the strategy calls for green infrastructure
planning beyond simple zoned land use.

Moreover, the Slovenian water legislation does not impose
the use of BGI elements, but, at the same time, it does not
prohibit their use either because it recommends the implementation of measures for surface runoff reduction, retention, or
infiltration (Table 3). Therefore, taking into consideration all
the characteristics of the local area and sectoral legislation, the
implementation can start immediately, which can be proven by
examples of successfully implemented BGI measures in Slovenia (Ramšak & Oberžan, 2017; Klemen et al., 2020). Klemen
et al. (2020) also found that expert studies for stormwater
management measures are generally not provided during the
preparation of spatial planning documents. This leads to the
continued use of the existing water management concept, with
only a few exceptions of the introduction of BGI in municipal
spatial plans. Systemic measures, such as cooperation between
institutions, strengthening strategic planning, and considering expert solutions, are also called for in the Strategy for the
Protection and Development of Green Infrastructure in the
Ljubljana Urban Region (RRA LUR, 2019). The strategy em-

In Slovenia, some cities have already moved toward implementing the target proposed by Brown (2009), a water-sensitive city, by introducing BGI (e.g., green roofs, mandatory
stormwater retention, and infiltration). However, there is a
lack of a comprehensive systemic approach (i.e., the flexible
institutional framework mentioned above) because there is
no adequate integration with other professionals (architects,
urban planners, and spatial planners) involved in designing
urban space. Below, we present cities that have already adopted
and implemented such management strategies and approaches.

Urbani izziv, volume 32, no. 1, 2021

5 Best-practice examples
We have selected four examples of the systemic implementation of BGI at the city or national level from Denmark, the
Netherlands, China, and the United States. Their geographical
representation is intended to emphasize that the adoption of
BGI in managing the urban water cycle is a global trend that

105

The water-management aspect of blue-green infrastructure in cities

points to future developments in this field. Common to all
examples is the integration between water and spatial planning
sectors for integrated BGI planning.

5.1 Copenhagen: Adaptation to extreme rainfall
events
The Danish Meteorological Institute defines a precipitation
event as extreme if more than 15 mm of precipitation falls in 30
minutes (Danish Meteorological Institute, 2019). In 2011, 136
mm of rain fell in 90 minutes in Copenhagen, which is statistically an event that occurs only once every two thousand years
(Arnbjerg-Nielsen et al., 2015). As a result, the city suffered
enormous damage. More than 30% of real estate owners in the
city filed insurance claims, and the total damage exceeded €800
million (Arnbjerg-Nielsen et al., 2015). In response to this and
some less intense rainfall events, the city adopted the Climate
Adaptation Plan (City of Copenhagen, 2011) and then the
Stormwater Management Plan (City of Copenhagen, 2012),
which will cost about €500 million to implement.
Figure 2 shows the six-step approach to selecting the most
appropriate solution for managing cloudbursts:
• First, the municipality identified and ranked areas within
the city according to how vulnerable they are to cloudbursts, based on data and analysis of the current situation.
• In the second step, hydrological-hydraulic models that
incorporated both surface runoff and sewerage systems
were used to identify urban catchments and their risk
of flooding.
• This was followed by assessment of the current state of
flood damage, together with indirect costs and climate
change impacts. The impacts are estimated at €55 to 80
million per year until 2110.
• The next step was the creation of a BGI elements catalogue (i.e., the Cloudburst Toolkit) for cloudburst management (e.g., a green street, an urban creek, and a retention boulevard), which provided the basis for developing
an ambitious adaptation plan for future cloudbursts. This
was followed by architectural and landscape design, visualization of proposed solutions, and robustness testing.
• The fifth step involves all stakeholders, who then jointly
design and create the proposed solutions. This type of
design is an iterative process that leads to better solutions
and ensures their quality.
• In the final step, the proposed alternative solutions are
evaluated financially, and the most appropriate solution
is selected based on a cost-benefit analysis.

Figure 2: The Copenhagen approach to stormwater management
(adapted from Ramboll, 2016).

5.2 Rotterdam
Rotterdam is Europe’s largest port, located in the delta of the
Rhine and Meuse rivers and threatened by water from four
directions: the sea, the rivers, groundwater, and rainwater. Due
to its extreme exposure and the ongoing impacts of climate
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change, the city has adopted a climate-change adaptation strategy (Rotterdam Climate Initiative, 2013). The strategy is based
on an approach that combines overcoming water-related issues
with opportunities for urban transformation and socioeconomic development. Action planning is based on the results
of hydrological-hydraulic models that determine the risk of
flooding of specific areas within the city, whether from the sea,
rivers, or extreme rainfall events. For rainfall, the main measure
envisaged is BGI, which is designed to retain stormwater at
the site and slow its runoff. In designing a water-resilient city,
special attention is paid to every individual site, involving water
committees, urban planners, a municipal administration, and
other stakeholders that help create the measures. Public awareness and active participation are promoted through active and
targeted communication.

5.3 Chinese sponge cities
In response to the problems in the urban water cycle (e.g.,
flooding and pollution of water bodies) that were caused by the
rapid urbanisation of Chinese cities, the Chinese government
has developed the concept of sponge cities. In 2014, thirty
cities across the country, including megacities, such as Beijing,
Shanghai, Tianjin, and Shenzhen, were included to serve as pilot areas from which best practices and regulatory frameworks
can be transferred to other cities (Chan et al., 2018). The concept of sponge cities is based on BGI and the implementation
of six processes in urban stormwater management: infiltration,
stagnation, storage, purification, utilisation, and discharge (Liu
et al., 2017). The activities that are introducing the concept in
cities mainly focus on 1) the construction of sponge buildings
(e.g., green roofs and rain gardens), 2) the construction of
sponge streets, sidewalks, and squares using permeable materials, 3) the construction of sponge parks and green areas (e.g.,
rain gardens, sunken green fields, and artificial wetlands), 4)
the protection and remediation of natural water bodies (e.g.,
management of natural waterways, increasing wetlands, etc.),
5) improving the connectivity of urban water systems to allow their continuity, 6) upgrading existing drainage systems to
provide flood protection and discharge of excess water, and 7)
constructing separate systems for stormwater and wastewater
(Liu et al., 2017). The results of the design and performance
of BGIs allow the transfer of knowledge from the pilot cities
to other cities, which can follow with fast implementation and
better planning of BGI (Yin et al., 2021).

5.4 The United States: The BGI concept for
wastewater management
Combined sewer overflows are elements in a combined sewerage system that discharge excess stormwater and sanitary
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wastewater directly into water bodies during rainfall events,
therefore protecting the sewerage system and the city from
flooding. At the same time, they pose an environmental hazard
because, although diluted, they discharge untreated wastewater
into water bodies. After a requirement from the U.S. Environmental Protection Agency to establish a long-term plan
for the operation of combined sewer overflows (United States
Congress, 2002), Philadelphia decided on an alternative approach. Consequently, the decision was made to implement
BGI throughout the city, instead of building additional grey
infrastructure (e.g., underground storage tanks or collectors).
The result is a twenty-five-year plan called Green City, Clean
Waters (Philadelphia Water Department, 2011). It was calculated that after forty-five years the plan would return more
benefits and added value to the city than the investment.
Through structured information and awareness raising of all
stakeholders, the plan has resulted in residents now perceiving
city streets differently. They now recognize the possibilities for
transformation of previously impervious surfaces into green,
lush areas that retain, treat, and control stormwater runoff.
The introduction of the plan was followed by the creation of a
comprehensive guide that makes it easy for potential developers to become familiar with all the necessary requirements that
a project must meet to adequately address water management
within the development area (Philadelphia Water Department,
2014). The city is divided into sub-areas based on hydrological-hydraulic characteristics (e.g., floodplain areas and type of
sewerage system), which allow developers to determine the
general water management requirements (e.g., 100% infiltration, and partial retention and treatment of stormwater) by
using the guide.
Despite the positive progress, researchers have found that pursuing only one objective in BGI implementation (i.e., largescale water retention) can lead to systematic implementation of
a limited set of BGI measures that provide only limited benefits (Spahr et al., 2020). Therefore, Spahr (2020) concluded
that, if cities want to achieve the ecosystem services provided
by plants (i.e., air purification, reduction of noise and the heat
island effect, a pleasant appearance, and public health), they
will need to increase the use of this type of BGI.

5.5 Comparison of best practices
In both European cases, the main cause for the paradigm shift
in urban water management was prevailing climate change impacts and the prediction of more frequent and intense rainfall
events that will cause floods. On the other hand, the Chinese
and American cases were triggered by the quality of water bodies and the negative impact of urbanization on them. Common
to all the examples is the recognition that grey infrastructure
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Table 4: Overview of successful foreign practices.
Copenhagen

Rotterdam

China, thirty pilot cities

Philadelphia

Cause

Floods, climate change

Floods, climate change

Environmental pollution, floods

Environmental pollution:
combined sewerage
overflows

Name and year
of programme
adoption

The Copenhagen Climate The Rotterdam Climate
Change Adaptation Strategy,
Adaptation Plan, 2011;
The Cloudburst Manage- 2013
ment Plan, 2012

The Sponge City Programme,
2014

Green City, Clean Waters,
2011

Goal

Complete climate change
1) Preventing inflow of
resilience of the city by 2025
surface runoff into the
sewerage system from
more than one-third of
the non-impervious area.

By 2030, at least 70% of precipitation will be infiltrated or
reused on 80% of urban areas.

The prevention of inflow
of surface runoff to sewerage system from more
than one-third of the
non-impervious area in
the next twenty-five years

1) The Interactive Climate
Atlas (the atlas makes it
possible to compare the
consequences of various
climate scenarios for a given
location);

1) The Code for Design of Urban Green Space (the code is
harmonized with guidelines for
sponge cities, with emphasis on
an integrated approach for planning urban green areas);

1) The Stormwater
Management Guidance
Manual (guidelines for
planning BGI, a catalogue
of BGI elements);

2) The Climate Adaptation
Barometer (the tool can be
used to structure the climate
change adaptation strategy
and to keep track of the
process);

2) The Code for Design of Urban
Road Engineering (the code is
harmonized with guidelines for
sponge cities; it includes a chapter on BGI);

2) When a cloudburst
with a hundred-year
return period occurs, a
maximum of 10 cm of
surface water (prevention
of flooding)
Developed
guidelines and
planning tools
in response to
detected problems

1) The Copenhagen
Cloudburst Formula
(guidelines for strategic
planning of BGI);
2) The Copenhagen
Cloudburst Toolkit (catalogue of BGI elements)

3) The Climate Adaptation
Toolbox (the toolbox provides an overview of potential adaptation measures for
various spatial scale levels
and aims)

can neither provide solutions to all the emerging problems nor
deliver ecosystem benefits. The cities presented have identified
multifunctional BGIs as an appropriate solution, which is in
line with the water-sensitive city approach (Table 1). Furthermore, BGI has been successfully integrated into the cities’ strategic documents, which also include well-defined objectives
(Table 4). It is important that after adaptation of strategies
public funds also be allocated to achieving the set objectives.
The success of the cities presented in adopting BGI is also
conditioned by the development of professional guidelines and
planning tools that provide support to city planners. Moreover,
common to all the cases presented is the involvement of the
water sector in spatial planning. Water engineers use hydrological-hydraulic models to 1) identify (current and potential)
critical points of flood risk in urban areas and assesses the
impact of individual BGI scenarios on the urban water cycle

2) A Homeowner’s Guide
to Stormwater Management (practical guidelines
for homeowners on how
to manage stormwater)

3)The Assessment Standard for
Sponge City Effects (technical
standards for assessment of
sponge city effects)

through simulations, and 2) assesses the quality impact of BGI
on urban surface runoff and consequently on the ecological
status of the receiving water bodies.

6 Conclusion
The management of urban space and its associated elements lies
in the domain of various disciplines. This article has presented
the current state and challenges of urban water management
in Slovenia and in some cities globally. The much-needed link
between water management and urban planning is encouraged
in international strategic documents; however, this link has
not been sufficiently adopted in Slovenian national legislation.
Thus, a predominantly sectoral approach in water management
and urban planning is practiced in Slovenian cities.
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Based on the examples of urban water-management best practices presented, it can be concluded that in some cities the
systemic introduction of BGI has become an established approach rather than an alternative one in urban planning. This
is not the case for Slovenian cities yet, but there is a great
potential because Slovenian cities have sufficient well-distributed green areas (public and private), which is a consequence
of spatial planning practices already established (Ministrstvo
za okolje in prostor, 2020b). Currently green areas are not
planned according to BGI principles, and so their multifunctionality, which could be achieved by absorbing surface runoff from surrounding paved areas, is not (sufficiently) utilized.
Therefore, a great potential remains for green areas in cities that
could provide additional above- or below-ground retention areas to relieve the pressure on the sewerage system and keep
precipitation within the natural water cycle. The best-practice
examples presented show that the implementation of many
decentralized measures can significantly improve the water
balance of the sewerage system and reduce the likelihood of
their overflow and thus flooding of urban areas.
The best-practice examples analysed show that interdisciplinary cooperation between different disciplines and cross-sectoral coordination at the planning and operational levels are
key in BGI planning. From the perspective of the water sector,
which primarily manages the urban water cycle, it is essential
that spatial planning include expert studies for the sustainable management of water resources and adaptation to climate
change. Furthermore, creation of guidelines and technical
manuals for planning and dimensioning BGI is also of great
importance for the planning and implementation phase.
It can be concluded that, despite individual efforts, in Slovenia BGI is still not recognized as an effective concept for
comprehensive management of the urban water cycle. Such
management requires a holistic approach, which encompasses
modelling, planning, and dimensioning of the most appropriate measures. Nevertheless, these efforts indicate a growing
awareness of the importance of BGI and the need for its systematic integration into the legislative framework to ensure
adequate involvement of key stakeholders, interdisciplinary
cooperation between disciplines, and cross-sectoral coordination for comprehensive urban water management.
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