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Abstract

Urban densi cation and climate change are placing increasing pressure on cities, exposing
them to growing risks of surface ooding, biodiversity loss, and reduced ecological quality
in the built environment. Despite widespread recognition of blue and green infrastructure
(BGI) as a critical mechanism for stormwater management and climate adaptation,
municipalities frequently lack the operational instruments necessary to translate strategic
ambitions into measurable requirements at the development level. This thesis investigates
this governance gap in Aalborg Municipality, Denmark, where an extensive portfolio of
strategic BGI commitments exists without binding, measurable qualitative performance
standards at the plot level.

Using institutional theory as the theoretical framework, the research employs a multi-
method approach combining a systematic literature review with a comparative case
research of ten international GF implementations, expert interviews, e-mail exchanges with
international practitioners, and an analysis of two Danish GF tools. A GF tool for Aalborg

is developed through a statistical benchmarking process using the coe cient of variation
to handle cross-case weighting uncertainty, calibrated to the local planning context, and
tested through three plots in Stigsborg Havnefront. The thesis concludes that the GF tool
addresses Aalborg's governance gap by providing a transparent and comparable planning
instrument, and identi es potential extensions.
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Executive Summary

Cities face growing pressure to accommodate new development while also becoming more
sustainable. Densi cation often leads to more sealed surfaces and fewer green spaces,
while climate change intensi es ooding, heat stress and ecological degradation, making

it necessary to plan cities in ways that better integrate nature and water into the built
environment. This thesis focuses on blue and green infrastructure, meaning elements such
as trees, green roofs, rain gardens and water bodies. These elements can help manage
stormwater, reduce heat, support biodiversity and create healthier urban environments.
However, the main problem addressed in this thesis is that municipalities often have
ambitious sustainability and climate goals but lack practical tools to translate these goals
into concrete requirements for individual urban development projects.

The thesis examines this problem through the case of Aalborg Municipality in Denmark.
Aalborg has several strategies and commitments related to climate adaptation, biodiversity,
sustainability and sustainable urban development. However, these goals are not fully
connected to binding and measurable requirements at the plot level. In practice, this means
that blue and green infrastructure is often handled through individual project negotiations.
As a result, it can be challenging to assess whether new developments actually contribute
to the municipality's broader sustainability ambitions.

The so-called Green Factor, which is implemented in multiple cities worldwide, presents
a planning instrument that gives di erent green and blue elements a score based on their
expected contribution to ecosystem services, such as urban cooling, stormwater retention,
and habitat provision. The total score of a development site can then be calculated and
compared with a required target. In this way, the tool combines quantitative measurements
with a qualitatively assessed scoring system, which helps make broad sustainability goals
more visible, measurable and easier to include in planning decisions.

This thesis examines Green Factor tools led by the research question of the thesis:

How can the Green Factor tool translate sustainability goals into concrete urban
developments?

For this research, several methods were used. First, a systematic literature review was
conducted to understand how Green Factor tools are discussed in academic research,
including their strengths and limitations. Second, Green Factor tools were analysed
across ten international city cases: Berlin, Helsinki, London, Malmé, Melbourne, Oslo,
Seattle, Singapore, Stockholm and Vienna. These cases helped to show how di erent
cities have designed and implemented such tools and to create the state of the art of Green
Factor tools in practice. The research also included expert interviews, e-mail exchanges
with practitioners and an analysis of two Danish examples, Copenhagen and Roskilde,
to understand how similar tools t within the Danish planning context. Afterwards, the
primary case of Aalborg Municipality was analysed for its practice of blue and green
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infrastructure planning and its institutional environment to examine how a Green Factor
tool could be implemented.

The thesis is guided by institutional theory. This means that the research does not only
study the technical design of the tool, but also the rules, routines, planning systems and
organisational conditions that in uence how such a tool can work in practice. A Green
Factor tool is therefore not just a calculator. It becomes useful when it is connected to
planning procedures, understood by developers and municipal planners, and followed up
through monitoring or enforcement post-implementation.

The analysis shows that Green Factor tools are usually introduced to address clear urban
environmental challenges, such as soil sealing, stormwater ooding, heat, biodiversity
loss and declining green space. Across the cases, they mainly translate goals related to
stormwater management, climate adaptation, urban cooling and biodiversity into higher
scores for elements such as trees, deep soil vegetation, permeable surfaces, green roofs and
rain gardens. However, the tools also have limitations: they tend to prioritise measurable
ecological and technical functions over social qualities such as recreation and accessibility,
and they often assess individual plots rather than wider green networks. Monitoring is
another weakness, as many tools evaluate what is planned, but fewer ensure that green
and blue elements are actually built, maintained and functioning over time.

Based on the literature, international reference cases, and the Danish context, the thesis
developed a conceptual Green Factor tool for Aalborg Municipality, as well as a proposed
implementation pathway. The tool includes di erent green and blue elements, each with a
proposed weighting. The weightings were developed by comparing existing tools and using
statistical analysis to identify where there was strong or weak agreement between cases.

The proposed tool was then tested on three building plots at the recent development
site of Stigsborg Havnefront: Stigsborg Bygade, Stigsborg Brygge and Mgindalsvej. The
application showed that all three plots received relatively low Green Factor scores, mainly
because sealed surfaces still covered large parts of the areas and blue infrastructure elements
were mostly absent. The best-performing plot included a wider range of green elements,
such as medium trees, shrubs and natural soil vegetation, while extensive green roofs and
amenity grassland contributed strongly across the cases.

The results suggest that a Green Factor tool could help Aalborg Municipality bridge the
gap between strategic sustainability goals and concrete planning requirements. Its main
value is that it creates a quality standard and a shared and transparent language for
assessing blue and green infrastructure. It gives developers clearer expectations, helps
planners compare projects and supports more consistent implementation of blue and green
infrastructure to address climate adaptation and biodiversity goals.

At the same time, the tool should not be seen as a complete solution. A single score
cannot fully capture the ecological quality of a place, and it cannot replace professional
judgement, local knowledge or long-term maintenance. The Green Factor should therefore
be understood as a practical planning support tool. It can help translate sustainability
goals into concrete urban development, but it works best when combined with clear
political commitment, site-specic planning, ecological expertise and follow-up after
implementation.
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Introduction

The world today is experiencing a rapid urbanisation process with more than half of the
population living in cities, a gure projected to rise to 68% by 2050 [United Nations,
2019]. This is accompanied by increasing densi cation as cities seek to accommodate
growth e ciently and limit urban sprawl [Haaland and Konijnendijk van den Bosch, 2015].
Densi cation, however, has signi cant environmental consequences as built surfaces expand
and green and open spaces decrease. Due to this, cities become more ecologically fragile
with sealed surfaces that increase water runo and ooding risk, urban heat island (UHI)

e ects, and biodiversity losses [Ring et al., 2021]. At the same time, climate change is
amplifying the frequency and intensity of extreme weather events, including heatwaves,
heavy precipitation, and coastal ooding [IPCC, 2022b]. This combination creates an
urgent need to rethink how urban development is planned, designed, and governed [Haaland
and Konijnendijk van den Bosch, 2015; Ring et al., 2021].

As a central response strategy to these pressures, urban blue and green infrastructure
(BGI) has emerged, which presents interconnected networks of natural and semi-natural
elements such as parks, urban trees, green roofs and walls, wetlands, permeable surfaces,
and water bodies [Brears, 2023; Ghofrani et al., 2017; Kopp et al., 2021]. BGI contributes
to both climate mitigation and adaptation as, for example, vegetation takes in carbon and
reduces energy demand through shading, while permeable surfaces and water retention
systems delay and reduce stormwater runo , lowering ood risk [Alves et al., 2020; Brears,
2023]. As a multifunctional network, BGI simultaneously ful Is ecological, climatic, and
socio-cultural functions, making it a key instrument for building resilient cities [Brears,
2023; Kopp et al., 2021; O'Donnell et al., 2017].

BGI provides wide-ranging ecosystem services. Climatically, vegetation reduces the UHI
e ect through evapotranspiration and shading, lowers ambient temperatures, and improves
air quality by Itering particulate matter [Ring et al., 2021]. Ecologically, BGI supports
biodiversity by providing habitats and corridors for species in otherwise highly fragmented
urban environments [Ring et al.,, 2021]. Hydrologically, BGI elements such as green
roofs, rain gardens, and permeable pavements intercept rainfall, promote in Itration,
and mitigate peak ows, reducing the burden on urban drainage systems [Brears, 2023].
Socially, access to green and open spaces contributes to physical and mental well-being,
encourages outdoor activity, supports social interaction, and enhances overall quality of
life for urban residents [World Health Organization, 2016]. The multifunctionality of BGI,
allowing a single intervention to deliver multiple co-bene ts, therefore, makes it an e cient
approach to urban sustainability.
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Recognition of these co-benets shows in an ambitious international, European, and
national strategy and policy landscape. The United Nations' Sustainable Development
Goals (SDGs) call explicitly for inclusive, safe, resilient, and sustainable cities (Goal 11)
and for the protection of terrestrial ecosystems and biodiversity (Goal 15) [United Nations,
2015]. The Paris Agreement, and frameworks built upon it, such as C40's Climate Action
Planning Framework (CAPF) and the Cities Climate Transition Framework (CCTF),
establish expectations for cities to demonstrate both climate mitigation trajectories and
climate resilience, with BGI identi ed as an important adaptation measure [C40 Cities
Climate Leadership Group, 2020, 2025]. The Aalborg Charter (1994) and the Aalborg
Commitments (2004), adopted by over 700 European cities, commit the participants to
promoting biodiversity, expanding green spaces, improving water quality, and undertaking
regular monitoring of sustainability progress [Sustainable Cities Platform, 2004]. Together,
these frameworks create expectations for integrating BGI into urban development.

Despite these ambitions, these frameworks share a critical limitation, as they are
predominantly strategic in nature. They de ne goals and targets at a high level but largely
leave the question unresolved of how those ambitions should be translated into concrete
actions, requirements or instruments at local level. Urban growth requires a rethinking of
urban planning and sustainable, comprehensive systems that manage resources e ciently
and maintain urban quality [Ring et al., 2021, p. 1]. There is a gap between strategically
planning for BGI and operationalising it at the site level, therefore, BGI strategies must
be actively linked to regulations for urban development to ensure su cient provision and
quality of green spaces [Ring et al., 2021]. Municipalities are challenged to bridge this
gap between strategic ambition and operational planning, which requires instruments that
translate high-level goals into measurable requirements for developers and planners. As
Ring et al. (2021) note: Municipalities and cities are challenged to respond to climate
issues with new tools, tailored to local conditions, to increase their capability for climate
resilience [p. 1]. This need not only applies to the regulation of BGI provision, ensuring
the right quantity and quality of blue and green elements, but also the monitoring and
evaluation of outcomes after implementation, with mechanisms to assess whether BGI is
delivering its intended ecological, climatic, and social functions, and contributing to overall
goals and targets.

This gap highlights the need for a standardised, quanti able, and transparent planning
instrument that can translate strategic BGI ambitions into operational planning
requirements while enabling systematic monitoring and evaluation. Some cities around
the world have responded to this challenge through the development of Green Factor
(GF) tools. These are quantitative planning instruments that assign qualitatively weighted
scores to di erent types of blue and green elements within a development project, producing
a standardised index of ecological and spatial performance. Berlin pioneered this approach
in the 1990s with its Biotope Area Factor (Biotop achenfaktor), designed to maintain green
quality in a densely built-up city [Ring et al., 2021]. Many cities followed, like Malmg,
Helsinki, Oslo, Stockholm, London, Vienna, Seattle, Singapore and Melbourne. These
tools regulate BGI at the site level, give planners freedom in design, while ensuring a
minimum performance standard, and produce quanti able values that enable comparison
and evaluation across projects [Ring et al., 2021].
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However, despite the growing number of implementations, the tool remains context-speci c,
where cities have developed their own, or adjusted the individual selection of BGI elements,
weighting systems, and calculation methods, meaning the instruments are not directly
comparable and cannot be transferred fully from one planning context to another without
adjustments [Juhola, 2018; Ring et al., 2021]. There is limited guidance on how to crit-
ically evaluate and adapt these tools for municipalities that have not yet applied them,
and limited evidence on whether formalised GF tools produce better green space outcomes
than alternative planning approaches. This creates an opportunity to examine how a GF
tool could be developed, tailored to local contexts, in order to operationalise sustainability
goals and bridge the current gap between strategic ambition and planning requirements,
and performance evaluation.

1.1 Contextualising the Problem for Denmark

The challenges described above are not abstract, as they can manifest in municipalities
across Europe and beyond. Given that this research is embedded in the Danish higher
education system at Aalborg University, this work also contributes to studies in Denmark
by keeping the focus on this country and using Aalborg as the primary case study for an
in-depth analysis, while drawing on Copenhagen and Roskilde as comparative reference
cases to establish the Danish context for GF tool adoption. The methodology behind this
decision and the choice criteria are described in more detail in Section 2.3.4.

Danish cities are experiencing population growth and development pressure, with
Copenhagen alone gaining about 90,000 residents in the past decade and projected to
grow by further 120,000 residents by 2060, as well as a documented residue in housing
construction placing intense pressure on available urban space [City of Copenhagen, 2024].
Growth is not limited to the capital, as the entire capital region has expanded signi cantly,
with municipalities such as Roskilde taking on substantial residential development in the
greater Copenhagen area [City of Copenhagen, 2024]. But also Aalborg Municipality grows
with more than 1,000 new residents every year [Aalborg Municipality, d, n.d.]. Atthe same
time, Denmark faces rising precipitation levels and increasing risks of cloudbursts and
ooding, which makes climate adaptation through urban greening and sustainable water
management of critical importance [Brears, 2023]. Denmark's implementation of the EU
Floods Directive (2007/60/EC) through the Danish Flood Risk Act designates areas of
potential signi cant ood risk, of which Aalborg is part [Kystdirektoratets, 2024]. This
combination of development pressure and climate vulnerability makes BGI and how it is
planned for and implemented in Danish urban development even more important for the
resilience of cities.

Danish municipalities operate under the same national Planning Act (Planloven) and share
a common climate planning framework through the DK2020 programme, which by the end
of 2023 had led 96 Danish municipalities to prepare C40-compatible climate action plans
[Lind and Hansen, 2024]. Despite this shared institutional foundation, municipalities di er
in developing operational instruments for BGI governance. An evaluation of the nation-
wide DK2020 programme found that while municipalities commonly recognised the wider
ecological and social bene ts of BGI, the key di culty lay in quantifying them, and it
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recommends developing a common platform for reporting, monitoring, and evaluation of
municipal climate plans [Wehrs et al., 2021].

Copenhagen and Roskilde have already introduced GF instruments in their planning prac-
tice, making them informative reference cases. Aalborg, by contrast, has ambitious sustain-
ability and BGI goals, but not a dedicated instrument that operationalises these ambitions
into an instrument like the GF tool. This raises the question for Danish urban planning
how the adoption of a GF tool, as an instrument that quanti es, standardises and embeds
BGI requirements in local planning processes, contributes to achieving broader sustain-
ability and resilience goals and translates these into measurable actions. This research
focuses on Aalborg as its primary case study, investigating the conditions under which a
formalised GF tool could be introduced and what such a tool and its system would need
to look like to be e ective in Aalborg. The ndings aim to generate insights relevant not
only to Aalborg but to other Danish municipalities as well that may seek to operationalise
their BGI ambitions.

1.2 Research Questions

Having outlined the broader problem landscape that motivates this research above, as well
as the motivation to investigate the GF tool and analyse a distinct case in Denmark, the
following main research question was established:

How can the Green Factor tool translate sustainability goals into concrete urban
developments?

To take on this question and to structure the analysis of this research, the following ve
sub-questions were added:

1. What is the Green Factor tool, and what ecological and planning functions does it
perform? What are its bene ts and limitations?

Sub-question 1 serves a descriptive function and aims to establish a baseline for under-
standing the GF tool, its design principle, and known strengths and weaknesses, grounded
in academic literature. Answering this question forms the basis for answering all subse-
guent sub-questions.

2. What conditions have enabled or constrained the development and adoption of Green
Factor tools in selected cities?

Once the tool is understood conceptually, the research turns to how it has actually been
developed and adopted in practice. Sub-question 2 looks at the institutional conditions
behind GF tool adoption in a range of international cities, derived from the analysis for
the rst sub-question, such as Berlin, Helsinki, London, Malmd, Melbourne, Oslo, Seattle,
Singapore, Stockholm, and Vienna. It furthermore looks into two Danish contexts in the
cities of Roskilde and Copenhagen. It aims to understand what institutional arrangements
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and conditions shape the development of a GF tool.

3. How are sustainability goals translated into the design of Green Factor tools which
goals are more emphasised, and which are underrepresented?

Sub-question 3 takes on the same international and Danish reference cases as sub-question
2 and extends the analysis of those cities by looking into the sustainability goals and
ambitions that shaped the design of the respective GF tool. It shifts from focusing
on institutional processes to examining what these processes have produced. This sub-
qguestion serves to get an overview of what kind of sustainability goals get translated into
the instrument and how this translation looks like.

4. To what extent do existing Green Factor tools promote ecologically multifunctional and
resilient urban development?

Sub-question 4 focuses even more on the value of GF tools in existing cases. It asks whether
the tools are ecologically adequate in terms of their capacity to promote multifunctional
and resilient urban development, aiming to understand the value of a GF for urban
planning and development. Together, sub-questions 3 and 4 produce both an institutional
explanation of what existing tools prioritise and a resilience-based evaluation of whether
those priorities are ecologically adequate.

5. How can these insights from existing Green Factor tools support the development of
a conceptual and contextually adapted tool for the case study of Aalborg Municipality in
Denmark?

Sub-question 5 navigates this research towards a more practical focus. It takes the ndings
produced by sub-questions 1, 2, 3, and 4, the conceptual understanding of what GF tools
are, the institutional analysis of how they have been developed and adopted, and the
resilience-based evaluation of how well they work ecologically and asks how these insights
can be used to develop a GF tool adapted to Aalborg's planning context. This sub-question
indicates the transition from analysis to design. The resulting proposal is not a ready-to-
use planning tool, but a set of design principles and recommendations based on the ndings
of this research.




Methodology

This chapter outlines the research approach used to address the research questions. It
begins by introducing the conceptual framework, which de nes the key concepts the re-
search focuses on. The theoretical framework follows, presenting the theory that guides the
research. Finally, the analytical framework and research design are explained, connecting
the concepts and theory and detailing the speci ¢ methods and approaches used for data
collection, analysis, and interpretation. Together, these elements form the foundation of
the research.

2.1 Conceptual Framework

This section presents the fundamental concepts for this research, building the conceptual
framework used to demonstrate the perspectives taken. First, the broad concepts of
sustainability and sustainable development are explained in the context of the research
topic and how they are understood here and in the urban context. Second, the concept
of resilience is explained and put into context for this work. Third, this section
provides a detailed exploration of the concept of blue and green infrastructure (BGI)
and the perspective this research takes on the topic, with a speci c focus on stormwater
management. Lastly, the driving concept for this research is introduced within the
contextual understanding of the three previous concepts: the Green Factor (GF).

2.1.1 Sustainability and Sustainable (Urban) Development

The 1987 report Our Common Future (also known as Brundtland Report) by the World
Commission on Environment and Development serves as groundbreaking and fundamental
in establishing a common understanding and de nition of the terms sustainability and
sustainable development. The report is a response to the urgent request by the General
Assembly of the United Nations to formulate "a global agenda for change" [United Nations
General Assembly, 1987, p. 1]. Sustainable development is de ned as "development that
meets the needs of the present without compromising the ability of future generations to
meet their own needs" [United Nations General Assembly, 1987, p. 43]. Sustainable
development is supposed to balance ensuring equitable living standards beyond the basic
minimum within ecological limits and without endangering the natural systems that
support life on Earth: the atmosphere, the waters, the soils, and living beings [United
Nations General Assembly, 1987]. Adverse impacts on air, water, and other natural
elements must be minimised to sustain ecosystem integrity. Sustainable development is "a
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process of change in which exploitation of resources, investment orientation, technological
development, and institutional change are all in harmony and enhance both current and
future potential to meet human needs" [United Nations General Assembly, 1987, p. 45].

This understanding of sustainability and sustainable development operates within three
dimensions: environmental, economic, and social dimension, which are interconnected
and form the foundation for long-term and responsible development [United Nations
General Assembly, 1987]. The economic dimension aims to improve human welfare and
design a system of economic growth that operates e ectively and e ciently in the long-
term, remains stable and innovative, without negatively impacting the environment or
society [Purvis et al., 2018; Yohe et al., 2007]. The environmental dimension encompasses
the limitations of climate change, biodiversity protection, the careful use of resources,
and the preservation of ecosystems [Purvis et al.,, 2018; Yohe et al., 2007]. The social
dimension focuses on human well-being and social cohesion, addressing concerns related
to social justice and equal opportunities for all, while promoting greater social awareness
of environmental and climate change-related issues [Purvis et al., 2018; Yohe et al., 2007].
This conception of sustainability requires that economic and social development objectives
be pursued within the boundaries set by resource limitations and the carrying capacity of
ecosystems [Purvis et al., 2018].

A common and widespread depiction of the three dimensions are the three pillars of
sustainability, often illustrated as intersecting circles of society, environment, and economy,
with sustainability placed at the intersection (the so called Venn diagram), as shown
in Figure 2.1 [Purvis et al., 2018]. Alternative depictions include the three dimensions
illustrated as literal pillars that equally serve as the supporting base of the sustainability
construct (bottom right in Figure 2.1). The third depiction of sustainability in Figure
2.1 represents the three dimensions as nested concentric circles, demonstrating how
environmental, social, and economic factors interrelate in sustainability. It positions
the economy as part of society, which in turn is part of the environment, showing the
dependencies and limitations of economic growth in terms of social and environmental
well-being [Purvis et al., 2018].

Figure 2.1. Left, typical representation of sustainability as three intersecting circles. Right,
alternative depictions: literal pillars and a concentric circles approach

[Purvis et al., 2018].
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The narrative of integrating economic, social and environmental aspects into the
understanding of sustainable development and viewing this as a balanced and holistic
approach also shows in the adoption of the UN's 17 Sustainable Development Goals (SDGs)
in 2015 [Purvis et al., 2018]. The SDGs are used as a global framework for sustainable
development, seen in Figure 2.2. With 17 main goals and 169 targets, they address multiple
global challenges within the three-dimensional understanding of sustainability, aiming to
create a sustainable and resilient path for the world without leaving anyone behind [United
Nations, 2015]. These goals aim, among others, to eradicate poverty and hunger, protect
the planet from degradation, ensure that every human being can experience a prosperous
and ful lling life, and promote the development of peaceful, just, and inclusive societies
[United Nations, 2015]. The goals are therefore integrated and indivisible and balance the
three dimensions of sustainable development.

Figure 2.2. The 17 Sustainable Development Goals [United Nations, 2015].

This research understands the interconnectivity of the three dimensions and their in uence
on each other. Unlike the most common depiction of sustainability as the Venn diagram,
this research views sustainability similarly to the nested concentric circle approach
introduced above. As Purvis et al. [2018] explain, the environmental dimension acts as
a boundary for economic growth and also as fundamental for social well-being. This
research lays its main focus on the environmental dimension, looking speci cally at BGI-
strategies, tools and instruments as a response to increasing climate change-related ood
risks. The nested circle approach emphasises environmental sustainability and views
the social and economic dimension as functionally embedded. It therefore highlights
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interdependence: social well-being and economic stability ultimately depend on stable
ecological and environmental systems. These are necessary to create recreational spaces
that foster social cohesion, physical and mental health, as well as intercept climate change
impacts that could otherwise cause great damage and risk to the built environment and
infrastructure as well as people. The model shows an understanding of sustainability that
considers the complex relationship between the environment, society, and the economy.
This research understands the interconnection between the dimensions and that changes
in the environmental dimension in uence changes in the other two.

Furthermore, this research sees the SDGs as an overall framework that leads the direction of
today's development, governance and planning thinking. However, this research shifts from
a more global perspective of sustainable development, as articulated by the Brundtland
Report and the SDG framework, to a more local, spatial and planning scale within the
urban context. This means contributing to the question of how to plan and develop
communities that will meet long-term human and environmental needs. The "concept
of sustainable urban development provides a way for citizens, planners, and policymakers
worldwide to explore such questions”, [Wheeler and Beatley, 2014, p. 1]. Sustainable urban
development is understood here as more place-speci ¢ and action-oriented, concerning how
communities are actually built and planned (physical form, infrastructure, governance,
social life), not just how global development should proceed in the abstract.

Problems addressed by sustainable urban development are more concrete and urban
in nature, dealing with cities and towns facing similar challenges of climate change,
greenhouse gas emissions, pollution, use of natural resources, and loss of natural landscapes
and ecosystems [Wheeler and Beatley, 2014]. It embeds the challenges of adapting to
climate change-related problems in a resilient way. It is therefore a translation of global
sustainability and resilience concerns into the speci c functions and dysfunctions of urban
development patterns. Sustainable urban development is multi-sectoral and integrated at
the city scale; it covers land use, urban design, transportation, environmental planning
and justice, local economic development, green building, food systems, and public health
[Wheeler and Beatley, 2014]. These are areas of urban development in which thoughtful
action can make a di erence for sustainability and resilience. What makes this urban
sustainability is that all these areas operate together within the city system and must be
understood in relation to each other. However, they are still part of the three dimensions
of sustainability, with, for example, the environmental dimension including the city-nature
balance and facing the issue of the unsustainable separation of urban development from
ecological systems [Wheeler and Beatley, 2014]. The environmental concern, the balance
between urban and nature, is also seen as one of the most structurally fundamental issues
with all other concerns woven into it [Wheeler and Beatley, 2014].

This presents the focus of this research within the broad perspective of sustainability. This
research focuses mainly on the environmental dimension of sustainability within the con-
text of sustainable urban development. It looks speci cally at how high-level strategies and
goals concerning the environment can be implemented into urban development processes.
As mentioned above, sustainable urban development is planning-oriented and spatially
grounded. It translates global sustainability principles into concrete decisions that shape
how cities are built and can become more resilient to increasing climate change-related
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challenges. Sustainability and resilience are understood here as complementary, as sus-
tainability sets the normative goal of keeping development within ecological limits while
meeting social and economic needs, and resilience addresses the capacity of urban systems
to sustain those goals under disturbances due to climate change. As Folke et al. [2002]
argue, resilience, understood as the capacity of social-ecological systems to absorb distur-
bances and reorganise while undergoing change (adaptive capacity), is important for the
long-term pursuit of sustainability goals and for sustainable urban development. This is
the core perspective of this research: environmental sustainability in planning practice in
an urban context and the integration of BGI to respond to climate-related challenges in

a resilient way. Still, this research acknowledges the interconnectivity of the three dimen-
sions of sustainability. While focusing primarily on one dimension, possible trade-o s and
co-bene ts of sustainable development in that dimension towards the other two dimensions
remain a key aspect of this research’'s understanding of sustainability.

2.1.2 Resilience

As introduced in the previous section, this research's understanding of sustainable urban
development is closely linked to the concept of resilience, as global climate change
challenges are increasingly impacting communities and ecosystems, calling for adaptation
and solutions capable of dealing with the impacts. The concept of resilience originates in
ecology, introduced by Holling [1973], who de ned resilience as:

"Resilience determines the persistence of relationships within a system and is
a measure of the ability of these systems to absorb changes of state variables,
driving variables, and parameters, and persist. In this de nition, resilience is
the property of the system and persistence, or probability of extinction is the
result. [Holling, 1973, p. 17].

According to this, resilience is understood as the capacity of a system to absorb
disturbances and reorganise while undergoing change in a way that it still retains essentially
the same function, structure and identity [Holling, 1973]. This foundational understanding
has since been extended to include socio-ecological systems more broadly, making resilience
a cross-disciplinary concept applied to urban planning, environmental management, and
sustainable development. Within urban studies, the perspective has been extended
to explain how cities respond to physical, natural, economic, institutional, and social
disruptions through processes of resistance, recovery, adaptation, and transformation
[McGill, 2020; Ribeiro and Pena Jardim Gongcalves, 2019]. In the IPCC Working Group
II's contribution to the sixth assessment report, resilience is de ned as:

"[...] the capacity of social, economic and environmental systems to cope with a
hazardous event or trend or disturbance, responding or reorganising in ways that
maintain their essential function, identity and structure while also maintaining
the capacity for adaptation, learning and transformation” [IPCC, 2022a, p. 43].

11
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This de nition highlights two dimensions of the concept. Resilience can be understood
as a system trait, referring to the qualities of a system to withstand and recover
from disturbances, including concepts such as vulnerability, adaptive capacity, and risk
[IPCC, 2022a]. But it can also be understood as a strategy, focusing on the active
management of systems to enable them to cope with and recover from disturbances through
risk management, adaptation, and transformation [IPCC, 2022a]. Similarly, the UN-
Habitat [2018] and the The Rockefeller Foundation [2019] describe urban resilience as
the measurable capacity of urban systems and their inhabitants to maintain functionality
in the face of shocks and disasters while adapting and transforming towards sustainable
development. This is particularly relevant in the context of urban systems facing long-
term climate pressures such as increased precipitation, ooding, and rising temperatures.
Rather than aiming for a static return to a prior state, resilience in this sense implies a
more dynamic capacity for learning and reorganisation. Folke et al. [2002] describe this as
the ability of a system to use disturbance as an opportunity for renewal and innovation.

Cities are experiencing rapid urbanisation processes, as well as growing threats from
climate change, which expose them to growing environmental, social, and economic risks.
In this context, resilience as a concept can be used as a guiding framework for scienti c
and decision-making discussions related to urban development [Shari and Yamagata,
2018]. This conceptual perspective sees urban systems as dynamic systems capable of
absorbing shocks, reorganising, and evolving over time [McGill, 2020; Ribeiro and Pena
Jardim Goncalves, 2019; Shari and Yamagata, 2018]. From this perspective, cities
are seen as highly complex socio-ecological systems consisting of interconnected layers
(e.g. ecological, economic, social, and institutional), whose resilience depends on the
relationships and connections between the di erent elements.

Therefore, this research understands urban resilience as the capacity of cities to with-
stand, adapt to, and transform in response to the growing challenges posed by climate
change. This interpretation recognises the interactions between social, ecological, institu-
tional and economic dimensions, which shape the ability of cities as systems to respond
to disasters while sustaining urban life, and then to adapt and transform over time. In
the context of this research, resilience therefore provides a framework for understanding
system behaviour. The concept is applied here speci cally in relation to urban stormwater
management and the role of BGI in strengthening the adaptive capacity of urban systems,
which will be further elaborated in the next section. Cities face increasing exposure to
extreme precipitation events and urban ooding, both of which challenge the functionality
of existing grey infrastructure systems. Resilience, understood as the capacity to absorb,
adapt to, and transform in response to such disturbances, o ers a conceptual lens through
which the contribution of BGI solutions can be evaluated. This is meant not only in terms
of technical performance but in terms of their ability to support long-term sustainable
urban development.

2.1.3 Blue and Green Infrastructure

Blue and green infrastructure (BGI) is a fundamental concept for this research, as it
views blue and green implementations as essential in today's climate change-related
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mitigation and adaptation planning strategies. Therefore, this section serves to establish
an understanding and overview of BGI as one of the main concepts for this research.
Additionally, it takes a closer look at one of BGI's functional dimensions and the
perspective on it for this research: stormwater management.

Within BGI studies, Brears [2023] is regarded as an in uential author, cited throughout
this research to get a comprehensive overview covering the BGI de nition, di erent element
types, co-bene ts, barriers, and policy instruments, while the thesis recognises that BGI
is also informed by a wider body of green infrastructure, stormwater or urban resilience
literature. Brear's work aligns with the conceptual lenses this thesis presents, as well as
understands GF tools as suitable policy instruments for BGI incorporation. In his work
Blue and Green Cities Brears [2023] de nes BGI as "a strategically planned network of
high-quality natural and semi-natural areas that utilise natural processes to manage water
gquantity and improve water quality”, [p. 12]. It involves the use of natural or human-
made systems to improve ecosystem services in the management of water resources and
to increase resilience to climate risks [Brears, 2023]. Natural systems, for example, consist
of stormwater detention or retention systems, such as ponds, rain gardens, bioretention
basins or vegetated swales [Brears, 2023]. They can also consist of riparian bu ers,
restored waterways, and constructed wetlands [Brears, 2023]. Human-made systems
are, for example, green buildings with green roofs, blue roofs or rainwater harvesting,
green streets with permeable pavements, stormwater planters or tree trenchers, and green
spaces like urban forests, parks and multifunctional public facilities [Brears, 2023]. A key
characteristic of BGI is that it is multifunctional, as it is able to perform several functions
and provide several bene ts in the same spatial area by utilising the interrelationships
between vegetation and the water cycle [Brears, 2023; Kopp et al., 2021]. For example, a
green roof can simultaneously reduce stormwater runo and pollution load, decrease the
UHI e ect, improve building insulation, and provide wildlife habitat [Brears, 2023]. BGI
can therefore restore the hydrological function of the landscape while also providing a wide
range of ecosystem services and protecting biodiversity [Brears, 2023; Kopp et al., 2021].

The core objective of the usage of BGI in urban contexts is not only to shield cities
from the negative impacts of climate change but also to enhance their resilience and to
exploit any potential opportunities that climate change may present [Pancewicz, 2021].
Multiple authors agree that BGI is a very promising sustainable adaptation activity to
tackle multiple challenges related to climate change simultaneously, while also providing
other co-benets, as it addresses all three dimensions of sustainability [Alves et al.,
2020; Brears, 2023; Ghofrani et al., 2017; Pancewicz, 2021]. Depending on the context,
BGI can be less capital-intensive, as it requires infrequent maintenance compared to
more traditionally used grey infrastructure (e.g. sewer pipes, pump stations, treatment
facilities), and is more exible and grows more resilient as the vegetation matures and
adapts to local resource cycles (economic dimension) [Brears, 2023]. Furthermore, BGI
not only reduces ood risks but also improves waterway quality by Itering pollutants,
increasing groundwater recharge, and improving habitats and biodiversity (environmental
dimension) [Brears, 2023]. Additionally, larger scale BGI implementations can contribute
to better air quality, o er recreational spaces for citizens, and improve social cohesion
as well as physical and mental health, enhancing human well-being (social dimension)
[Brears, 2023]. The following Table 2.2 shows these and additional co-bene ts of BGI

13



2.1. Conceptual Framework

Aalborg Universitet

within the three dimensions of sustainability. This illustrates multifunctionality as an
essential attribute of BGI as it supports short-term decision-making that aligns with long-
term goals for exible climate change strategies while simultaneously delivering immediate
environmental bene ts to an area.

Table 2.2. Co-bene ts of BGI [Brears, 2023,p. 14 21].

Co-bene ts of BGI

Economic

Environmental

Social

Deferring or replacing
costly grey infrastructure

Reduced ood risk

Increasing life expectancy
and reducing health
inequalities

BGl is less capital-intensive

Reduced and delayed
stormwater runo values

Improving levels of physical
activity and health

Reduced water treatment
costs

Stormwater pollutant
reductions

Improving psychological
health and mental
well-being

Lower landscape
maintenance costs

Reduced sewer over ow
events

Social interaction,
inclusion, and cohesion

Increased groundwater
resources

Improved waterway quality

Increased quality of
neighbourhoods

Reduced water imports

Enhanced water
conservation

Increased public safety

Reduced energy costs

Increased groundwater
recharge

Healthier air

Enhanced ecosystem
service values

Improved air quality and
lower greenhouse gas
emissions

Food production

Increased employment

Reduced urban heat island
e ects

Recreation and pleasure

Increased investment

Improved habitats

Quiality of place

Increased land and
property values

Carbon sequestration

Enhanced climate resilience

Beyond its multifunctionality, BGI is understood in this research as a form of physical
urban infrastructure that directly contributes to building urban resilience. Brears [2023]
identi es robustness, redundancy, and exibility as key qualities of resilient urban systems,
and BGI contributes to that with its qualities. It can withstand extreme conditions, its
interconnected networks ensure that one point of failure does not disable the overall system,
and, as mentioned above, it becomes more resilient and e ective as vegetation matures and
adapts to local resource cycles [Brears, 2023]. This research therefore understands BGI
not only as a sustainability instrument across the three dimensions explained above, but
as a resilience-building instrument that increases the adaptive capacity of urban systems

to cope with and recover from climate-related disturbances.

However, despite the bene ts of BGI, there remain certain barriers for the wide-spread
implementation of BGI that Brears [2023] categorises into six topics: economic, nancial,
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institutional, regulatory, infrastructural, and awareness barriers. For example, BGI often
requires more land than traditional grey infrastructure, more time to establish, and more
initial investments, as well as a lack of awareness among decision-makers, which can prove
equally obstructive [Brears, 2023; O'Donnell et al., 2017]. Additional potential barriers are
illustrated in Table 2.3. These barriers can signi cantly hinder or complicate the process
of a standardised implementation of BGI into urban planning practice.

Table 2.3. Barriers to BGI [Brears, 2023, p. 21-25].
Barriers to BGI

High transaction costs

High land values
Economic Di cult to quantify
Long-time horizons
Initial high costs
Perceived higher risk
Financial Unde ned nancial responsiblities
Lack of nancial resources
Lock-in of traditional practices
Lack of long-term planning
Institutional Insu cient policy coherence
Lack of resources
Political boundaries
Regulatory standards
Regulatory Lack of clarity on how BGI complies with regulations
Regulations crossing multiple jurisdictions
Lack of physical space
Infrastructural Poor maintenance
Inadequate sizing
Lack of knowledge of BGI bene ts
Limited scope of current BGI pilot projects
Awareness and | Lack of awareness of private sector actors

knowledge Lack of understanding

Shortage of trained professionals
Short-term thinking

Stormwater Management

After outlining what BGI is and its co-bene ts and barriers, this section takes a closer
look at one of its core functional dimensions: stormwater management. This is particularly
relevant for this research, as it focuses more closely on the challenge of managing increasing
precipitation, cloudburst events, and stormwater runo in Denmark. It is therefore
essential to understand how BGI functions as a stormwater management instrument.

Stormwater management in an urban context refers to practices, systems, and policies
used to control the quantity and quality of rainwater runo on urban surfaces [Fletcher

et al.,, 2015]. Traditional practices relied on grey infrastructure such as pipe networks,
drainage ditches, and combined or separate sewer systems, designed to remove stormwater
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from urban areas as fast as possible to prevent local ooding [Fletcher et al.,, 2015].
While e ective at reducing local ooding, this approach has produced a range of
unintended consequences, such as increased peak ows and downstream ooding risks
as stormwater is discharged too rapidly [Brears, 2023]. More negative consequences
are changes in groundwater and surface water levels due to reduced in ltration and
evapotranspiration, and degraded water quality as runo transports suspended solids
like heavy metals, pathogens, and nutrients (e.g. nitrogen, phosphorous) into receiving
water bodies [Brears, 2023]. Additionally, traditional grey infrastructure systems are not
dimensioned for larger and more intense rainfall events associated with climate change;
their capacity is "inadequate" [Brears, 2023, p. 2]. Therefore, the eld of stormwater
management has experienced a conceptual and practical shift in recent decades, away
from rapid disposal and towards an approach in which multiple objectives drive the design
and decision-making, encompassing ood control, water quality protection, groundwater
recharge, biodiversity, and social amenity [Fletcher et al., 2015]. This shift includes
retention, in ltration, treatment, and multifunctionality and represents exactly what BGI
operationalises [Fletcher et al., 2015]. BGI can plan and manage water, wastewater and
stormwater across the city in a holistic way to ensure the resilience of the city and its
population to climate change and extreme weather events while also ensuring the health
of aquatic ecosystems [Brears, 2023].

Green infrastructure "uses vegetation and soil to manage rainwater where it falls"
[Fletcher et al., 2015, p. 532], providing not only stormwater control, but also ood
mitigation, air quality management, and further co-bene ts by "weaving natural processes
into the built environment” [Fletcher et al., 2015, p. 532]. Fletcher et al. [2015]
identify a positive feedback loop between green infrastructure and stormwater policy:
stormwater management requirements motivate the use of green infrastructure, while green
infrastructure initiatives in turn drive stormwater objectives. This dynamic reinforces why
BGI has become a central and proactive instrument in urban stormwater management.
BGI as such an instrument "enables the cost-e ective management of excess stormwater
during heavy, short-duration wet weather events" [Brears, 2023, p. 13] by increasing
storage capacity on-site through either retaining stormwater until existing infrastructure
can process it, or facilitating its return to the atmosphere through evapotranspiration or to
the ground through in Itration [Brears, 2023]. Thereby, it eliminates the need to process
stormwater runo through wastewater treatment plants or discharge it into surface waters
[Brears, 2023]. Natural systems, such as detention and retention basins, vegetated swales,
or wetlands intercept, slow, lter, and in ltrate stormwater close to its source, improving
both quantity control and water quality [Brears, 2023]. Human-made systems like green
roofs, permeable pavements, or stormwater tree trenches can prevent runo from entering
the combined or separate sewer system in the rst place [Brears, 2023].

Stormwater management through BGI is not merely a technical or hydraulic exercise but
a planning and governance challenge as it is connected to broader urban planning and
land use regulations [Brears, 2023]. Rather than treating stormwater as a problem to be
removed, BGI treats stormwater as a resource to be managed in place, slowed, stored,
in Itrated, cleaned, and, where possible, reused, while simultaneously providing other co-
bene ts and ecosystem services that contribute to the broader sustainability and resilience
of the city [Brears, 2023; Fletcher et al., 2015].
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