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Summary

The global and urbanised population are growing. Densiőcation, the increase of built environment
elements in urban areas, has been identiőed as a tool to mitigate social and environmental consequences
of urban sprawl, i.e. the continuous extension of urban boundaries and dispersed construction of
built-up areas. At the same time, unique environmental and social challenges are requiring urban
developers to adapt their approaches to changed long-term or short-term physical conditions while
considering the social consequences. Many cities around the globe, and amongst them Amsterdam, The
Netherlands, are striving to align urban interventions in the őeld of densiőcation and climate action.
This led to the research question: Which social impacts arise from simultaneous urban densiőcation
and climate action in the form of climate change adaptation and the energy transition?

This study provides insight into the current knowledge in scientiőc literature and the perceptions
of urban policymakers. A qualitative mixed methods approach was applied to answer the posed
research question. The approach was constituted of a systematic literature review and semi-structured
interviews. A social impact framework was combined with an understanding of the natural sciences, en-
gineering and urban planning to assess the social impacts of urban densiőcation in times of climate action.

Conceptualising the energy transition and climate change adaptation as representative transitions of
climate action, I őrst collected the current literature at the interface of these transitions with densiőcation
to compile the perspective of academic literature in a knowledge base. Secondly, I conducted semi-
structured interviews with urban policymakers of the Dutch capital of Amsterdam to gain insight into
the perspective of policymakers. In the analysis of both my data sets, I discerned explicitly mentioned
social impacts as well as social impacts which were not explicitly stated, but could be reasoned from the
collected literature and the conducted interviews.

Finally, the comparison of both perspectives shows a strong prevalence of social impacts in the
spheres of livability in the built environment, health and economic relations. How densiőcation, the en-
ergy transition and CCA in cities exert consequences on communities and institutional relations is much
less observed at the current state. Lastly, impacts on cultural or gender relations are close to absent from
the discussion - in academic literature and the perceptions of urban policy-makers in the case study alike.

While the results are largely connected to the conceptualisation and methods applied, implications
can be drawn for future research and policy-making. It is essential to explore the origins of the
low occurrence of cultural and gender impacts in the data set to evaluate whether these are due to
knowledge constraints or actual low impact rates. But, given the understandings gained, I urge to
observe these spheres more strongly, in particular in relation to indirect social impacts. Moreover,
the case study shows that social impacts of densiőcation and climate action transitions are highly
context-driven. They are subject to questions of ownership, human behaviour, urban inequalities and
social differentiation within the constraints of physical space and monetary as well as environmental
budgets. Additionally, it is indispensable to further strengthen the interaction and communication
between researchers, policy-makers and other stakeholders.

To conclude, future research and policy-making could use the generated knowledge base and the results
and context provided by the case study to achieve more socially sustainable urban planning.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐ-

Keywords: Urban densiőcation, energy transition, climate change adaptation, social impacts, Amster-
dam, urban policy-making
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Chapter 1

Introduction

1.1. Context: urbanisation and global resource use
The headlines about the growing and urbanized world population have been recurring in scientiőc,
political and media discourses. They decorate entrance slides in conference presentations, policy paper
introductions and news programmes (European Commission - Competence Centere on Foresight, 2020;
European Commission-Joint Research Centre, 2023; Swilling, 2016; The World Bank, 2023a, 2023b; UN
DESA | United Nations Department of Economic and Social Affairs, 2018).
It can be assumed that each urban (or non-urban) resident strives for a happy and just life, including
shelter, food, drink and other materials, as well as immaterial resources. This means, that land is used
to live, harvest and mine. But at this stage of the Anthropocene, 2023, the safe and just operating space
on Earth has been pressured to such an extend, that out of the eight quantiőed global earth system
boundaries seven have been transgressed (Rockström et al., 2023, p. 8), see Figure 1.1. Despite the
natural uncertainties of the models, these results continue to pose a clear warning. To stay within
planetary boundaries, we need to vastly change how natural resources are used (Haberl et al., 2021;
Rockström et al., 2023; Rockström et al., 2009; Steffen et al., 2015). And this includes land.

Figure 1.1: Proposed safe and just operating space (green areas) vs. current global states (Earth icons).
Dark red lines are safety limits and blue lines justice limits. Figure from Rockström et al. (2023).
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1.2. Urban Densiőcation 2

1.2. Urban Densiőcation
Densiőcation, the agglomeration of population in one area instead of a development based on urban
sprawl, has long been seen as an urban development pathway reducing resource use, and in particular
the use of land. Densiőcation is aimed at the reduction of land use for urban built structures to relieve
pressures on the "natural" environment. As the largest share of greenhouse gas (GHG) emissions in
cities is generated in the housing sector, followed by transport emissions (Pichler et al., 2017), these
sectors need to be reconsidered. Urban densiőcation may be a powerful tool to rethink housing as well
as transport patterns to stay closer within planetary boundaries.
One potential densiőcation strategy is the topping up of buildings, i.e. the upward extension by
several ŕoors. Another one is to őll in idle space or ’inőlling’, for instance of under-used parking lots,
backyards or derelict brownőeld areas. Densiőcation for an increase of residential use areas may also be
conducted by the transformation of area functions. This could mean the transformation from a former
industrial or business function, from transportation infrastructure space, or, from green areas to housing.
Often, densiőcation is combined with other goals such as the increase of multifunctional and proximate
urban spaces. For this reason, it is a paradigm of balancing and accommodating urban functions.
Figure 1.2 shows the idealised built up of a compact, densiőed city block in the policies of the second
largest Dutch city, Rotterdam (Gemeente Rotterdam, 2023). Exemplary (in orange) are the inőlled areas,
areas of changed function and topped-up housing units.

Figure 1.2: The compact city model as envisioned by the municipality of Rotterdam. Lively ground
ŕoors, urban green, changed mobility patterns, topping up existing buildings or densiőcation around

transportation lines are part of the densiőed environment (image taken from Gemeente Rotterdam
(2023), own translation).

Urban densiőcation is not a standardised term (Lehmann, 2019). Next to the terms "urban
densiőcation" or "urban compaction", the terms "urban intensiőcation", "urban consolidation" (Ambrey
et al., 2017), "(urban) agglomeration" or "urban inőlling" are used as well. The "compact city" as an urban
form paradigm often stipulates the result of these developments if they are applied at a city-level and
complemented by measures of resource use efficiency and accessibility increase (Ahlfeldt & Pietrostefani,
2017). The choice of wording and deőnition of "density" and "densiőcation" often depends on the
author’s disciplinary or geographic context or the densiőcation variant under assessment (compare
Churchman (1999)). This thesis will make use of the term "densiőcation". Should other terms of the
above list be applied, they are to be understood interchangeably.
For Bibri et al. (2020) the compact city may be the "central paradigm" (p. 2) of sustainable urbanism. In
their layout of the design strategies of the compact city approach, the authors also include the creation
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of long-term "resilience and viability through reducing material use, lowering energy consumption,
mitigating pollution, and minimizing waste, as well as improving social equity and well-being" (p. 2) into
the deőnition of sustainable urbanism. However, densiőcation can lead to a number of drawbacks, such
as and in relation to, increased population counts (e.g. resource use, waste, air pollution, insufficiency
of services etc.) (Cavicchia, 2023; Haaland & van den Bosch, 2015; Haarstad et al., 2023; Mohajeri et al.,
2023; Neuman, 2005).

1.3. Climate Action (CA)
At the same time, urban and non-urban populations are facing unique challenges, amongst them the
consequences of a warming global climate, climate change (CC). To adapt to and mitigate CC, measures
are being taken by organisations, governments, corporations or individuals, activities which can be
summarised as climate action (CA).
CA is a vast term. In the deőnition of the United Nations’ (UN) Sustainable Development Goal (SDG)
Number 13 it is described as embarking on activities aimed at combating climate change and its impacts.
For instance, in the latest SDG report, the UN call for a 43 % reduction of GHG until 2030 and the
achievement of net zero GHG emissions until 2050 to try to avert the CC impacts as far as still possible
(UN DESA | United Nations Department of Economic and Social Affairs, 2023).
The two transitions of climate change adaptation (CCA) and the transition of the energy systems to
cut down carbon emissions as far as possible (ET) can be seen as forms of CA: The Intergovernmental
Panel on Climate Change (IPCC) as the leading scientiőc body on CC emphasises the need for the ET
and the adoption of CCA measures (Campos et al., 2014). The United Nations Framework Convention
on Climate Change (UNFCC) addresses CC and allocates not only CCA but also the ET under the
umbrella of CA (UNFCC, 2021).
In line with the Habitat III-Conference glossary, "[a]daptation is the process of adjustment to actual
or expected climate and its effects." The glossary furthermore distinguishes between adaptation in
human systems and natural systems. While the őrst "[...] seeks to moderate harm or exploit beneőcial
opportunities", the second "[...] may facilitate adjustment to expected climate and its effects" (Habitat III
Secretariat, 2017, p. 1).
In 2014, Rutherford and Coutard (2014), summarising others, deőned ET as "a radical, systemic and
managed change towards ’more sustainable’ or ’more effective’ patterns of provision and use of
energy" (Rutherford & Coutard, 2014). I want to apply this deőnition of the ET in my report.

1.4. Social Sustainability
It is important to evaluate the social impacts of interventions to estimate their overall and long-term
social sustainability. It is difficult to conceptualise and measure sustainability, even more so social
sustainability. The general sustainability understanding I draw from the UN Brundtland Commission.
In 1987, the Commission prominently laid out the deőnition of sustainability as “meeting the needs of
the present without compromising the ability of future generations to meet their own needsž (WCED,
1987). As a result, next to ecological and environmental sustainability, my sustainability understanding
includes the sphere of social sustainability and regards citizens’ rights as crucial for meeting “the needs
of the presentž as well as of “future generationsž.
In the understanding of what makes a socially sustainable city I follow the understanding of Larimian
and Sadeghi (2021):

"[W]e deőne a socially sustainable neighbourhood as one that provides residents with equitable access to
facilities, services, and affordable housing; creates a viable and safe environment for interaction and participation
in community activities; and promotes sense of satisfaction and pride in the neighbourhood in a way that people
would like to live there now and in the future" (p. 624).

What can be understood from this quote is the authors’ systemic approach. I.e., for an individ-
ual’s living area to be socially sustainable, a whole mix of connections and services is required. If these
prerequisites are fulőlled, the urban environment may provide a living space which is experienced as
safe, interactive, participatory and identity-shaping.
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1.5. Social impacts and interdependencies
How actions impact society has been observed by research, governments, public or private organizations.
Often, social impacts are compulsory to estimate and evaluate in advance of large-scale projects and
interventions. Social impacts may be deőned as including

"all social and cultural consequences to human populations of any public or private actions that alter the ways in
which people live, work, play, relate to one another, organize to meet their needs, and generally cope as members of

society" (Burdge & Vanclay, 1996).

The alterations as consequences of urban interventions that I want to focus on in my theses are,

"impacts actually experienced by humans [...] in either a corporeal (physical) or cognitive (perceptual) sense"
(Vanclay, 2002, p. 191).

Figure 1.3: Hypothesis: Next to the direct social impacts of each transition (yellow arrows), the
assumed interdependencies between densiőcation, CCA and the ET (black arrows) create new social

impacts (yellow dashed arrows).

This thesis explores the relationship between urban densiőcation and CA transitions. Urban development
in times of CA is set in a complex, socio-technical system, the city. Densiőcation strongly interacts
with CA and CCA and the ET respectively: It not only seeks to reduce the expansion of urban land,
but also to shape building patterns, urban functions and infrastructures. Simultaneous CA transitions
and densiőcation developments evidently compete for urban space, material and immaterial resources,
including municipal budgets. Moreover, each intervention in the urban space, affects urban residents,
their daily experiences, routines and behaviour, i.e. exerts social impacts, see Figure 1.3. Altogether they
compose őrstly, a variety of competing policy interests in urban development and planning, and secondly,
a variety of impacts on the social dimension arising from these interactions or "interdependencies".

1.6. Research objective and research question (RQ)
My objective is to collect and describe current knowledge about the social impacts arising from a
parallel pursuit of urban densiőcation for the prevention of urban sprawl and CA, in the form of
CCA and the ET. The underlying understanding is that the social dimension is an integral part of
sustainability and that no action with the goal of sustainability can be successful if the intervention
is not socially sustainable as well. For this reason, if densiőcation, ET and CCA interventions are to be
successfully implemented, the social impacts need to observed.
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In particular, the objective is to collect the scientiőc knowledge on the social impacts of densiőcation in
times of CA and to compare this knowledge base with the perceptions and experiential knowledge of
urban policymakers. For this reason I will őrst review the current state in literature and then zoom into
the case of the city of Amsterdam, the largest city in the Netherlands.

My research will be guided by the research question (RQ):

Which social impacts arise from simultaneous urban densiőcation and climate action in the form of climate change
adaptation and the energy transition?

1.7. Relevance to the őeld of IE
The RQ is of high relevance to the őeld of Industrial Ecology (IE) and IE may vice versa provide a
suitable lens for the understanding of the issue at hand: The scientiőc őeld of IE quantiőes and qualiőes
ŕows through human-made (therefore industrial) systems (therefore ecology). The IE toolbox holds a
set of multi- and interdisciplinary scientiőc methods for this aim (International Society for Industrial
Ecology, 2023). While this might suggest an engineering and natural science approach, the discipline
at the same time takes a thorough look at interconnections with the social system, such as drivers in
and consequences of a process for society.
Cities are a prominent research subject within IE (Kennedy et al., 2015): as highly complex socio-
technical systems cities pose manifold intertwined challenges, so-called “wickedž problems (Hughes,
1989). Cities inherently occupy the planet’s surface and affect the “naturalž environment. They are
composed of structures in the built environment and other physical infrastructures, for instance water,
electricity or transport grids. Moreover, cities depend on inŕows, accumulate stocks and release
substances as outŕows to their surroundings. This has been termed the "urban metabolism" (Kennedy
et al., 2015; Y. Zhang, 2013), one of the major IE concepts.
Humans agglomerate in cities voluntarily or involuntarily for reasons of shelter, jobs, trade or other
social functions and services. In general, one or several entity/-ies in power impose(s) rules over this
created system. As these rules depend on the characteristics of the entity, population and context
in which the agglomeration is set, urban space and organisation are connected to various questions
of societal justice and equality. Such fundamental considerations ought to underpin any IE research
approach as they inherently pose the question who beneőts and who loses in the strive for sustainability
(International Society for Industrial Ecology, 2023).
Also the motivation for urban densiőcation strategies arises from a complex web of social, technological
and environmental demands and needs. The same accounts for the societal transitions within CA.
A synthesis of the current scientiőc knowledge of the system interdependencies between urban
densiőcation strategies, CA and social impacts qualiőes this thesis topic as a wicked problem of high
relevance to the őeld of IE.

1.8. Thesis outline
In the next chapter I further conceptualise social impacts, urban densiőcation and the CA transitions.
Moreover, I lay out previous work on the social implications of urban densiőcation. Having attained
this knowledge, Chapter 2 closes with stating the research gap, research design and the sub-research
questions (SRQs). Chapter 3 includes background literature to the social impact understanding applied
in this thesis. Thereafter, you will őnd the applied methods in Chapter 4. The results and analysis of
the collected data are given in Chapter 5 (literature review) and Chapter 6 (case study). In Chapter 6, I
also describe the case further. The divergence and overlap of the results of the two methods I present in
Chapter 7. The discussion of this observation and the limitations of my study as well as its implications
for further research and urban planning form Chapter 8. The őnal answers to the RQ and SRQs round
up this thesis in the conclusion in Chapter 9.
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Figure 1.4: Outline of the report at hand. The thesis report includes 9 chapters: 1) Introduction, 2) Conceptualization, research gap, research design and
SRQs, and 3) The social dimension- theoretical background. This is followed by the 4) Methods, 5) Literature review, 6) Case study, 7) Vice-Versa:

Divergences and Overlaps, 8) Discussion, 9) Conclusion.



Chapter 2

Conceptualisation and
Research Gap, Design, and

Sub-Questions

In this chapter I introduce the conceptualisation of social impacts that I applied in this thesis, i.e. the social impact
framework of Vanclay (2002) and the social impact and social change process deőnition of Slootweg et al. (2001).
Then, I provide my understanding of densiőcation, the ET and CCA as CA transitions for the scope of this thesis,
starting in Section 2.2. This is followed by an overview of a selection of previous work on the social impacts of the
three transitions. In the last Section, 2.6, I present the sub-research questions (SRQs), scope and research design
for the exploration of the research gap (RG) and the RQ which my thesis aims at contributing to answer.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

2.1. Social impacts
2.1.1. Vanclay and Slootweg’s framework of impacts and impact processes
A distinction between biophysical impacts, social impacts and social and biophysical change processes
is important (Slootweg et al., 2001), see Figure 2.1. However, there might be interaction between these
spheres. As this őgure shows, (urban) interventions, either in the biophysical or social dimension, can
create or affect social change processes. A biophysical urban change process may lead to a social change
process. These social change processes may generate human (social) impacts, which are "experienced or
felt in corporeal or perceptual terms" (Vanclay, 2002, p. 200).

Figure 2.1: Slootweg et al. (2001, p. 26) visualising pathways to derive biophysical and human impacts.
Interventions trigger social and biophysical changes. Resulting biophysical and human (= "social")

impacts may be of őrst or second order, direct or indirect.

7
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In the categorisation of social impacts, it needs to be understood that there are őrst and higher-order
social impacts. Impacts may generate iterations and feedbacks of social impacts and change processes.
Relationships between the impacts and one impact may trigger another social change process, which
then again results in a second- or higher-order social impact (Slootweg et al., 2001; Vanclay, 2002).
This project will observe the social impacts generated through the interplay of the socio-technical
and ecological change processes of urban densiőcation and climate action, with a focus on the
seven social impact categories (SIs) as established by Vanclay (2002). Table 2.1 displays these seven
SIs observed in this thesis: 1) health, 2) livability, 3) economic relations, 4) culture, 5) community, 6)
institutional, 7) gender relations (Vanclay, 2002). The second column lists the number of the individual
social impacts per SI. The full list of SIs and individual social impacts per SI is included in Appendix A.1.

Table 2.1: The seven social impact categories (SIs) derived from the framework of Vanclay (2002) and
the number of individual social impacts per SI applied in this thesis.

Social impact category (SI)
Social impacts
in SI

Community (indicative family and community impacts) 10
Culture (Indicative cultural impacts) 7
Economic relations (indicative economic impacts and material well-being impacts) 14
Gender (indicative gender relations impacts) 9
Health (indicative health and social well-being impacts) 13
Institutional (indicative institutional, legal, political and equity impacts) 8
Livability (indicative quality of the living environment impacts) 13

2.1.2. Use and limitations of the framework
Assessing qualitative impacts quantitatively is difficult and leads to an evident reduction of reality. The
social impact categories include non-quantiőable impacts. The quantiőcation is an approximation to
their true complexity. Therefore, Vanclay (2002) urges caution in using the framework as a checklist and
also acknowledges the perpetuation of social impacts and processes by declaring that "[m]ost social
impact specialists stress that it is impossible to detail all dimensions of social impacts Ð social change
has a way of creating other changes" (p. 185). Hence, social impacts are context-driven, context-, and
subject-speciőc (Vanclay, 2002, p. 188).
Furthermore, Vanclay highlights that the lists of social impacts created are naturally subject to the
context, bias and prejudice of the author and their őeld.
Thus, while Vanclay’s categories can never amount to a complete picture of how urban densiőcation as
a project inŕuences society and local communities, I chose the categories to allow for a systematic and
manageable analysis.

2.2. Urban densiőcation
2.2.1. Conceptualising urban densiőcation: variants and features
Urban density can be measured in physical categories, such as density of population, number of
dwellings, or economic densities, for instance number of jobs and amenities. However, densifying the
built design of urban neighbourhoods alone will not be able to generate a sustainable city.
The urban development process of urban densiőcation as applied in this thesis is a physical process
which can be conducted in various ways, but which aims at the promotion of a city with neighbourhoods
featuring multifunctional uses, going beyond an agglomeration of built structures. Amongst these are
i.e. the creation of walkable neighbourhoods, a variety of transportation choices or community and
stakeholder collaboration in development decisions (Habitat III Secretariat, 2017, p. 2-3).
In 1973, Dantzig and Saaty (in Bibri et al. (2020)), summarised the densiőcation characteristics, see Table
A.2 in Appendix A.2. Their deőnition of a densiőed city, even though until now critically reviewed,
results from urban form and spatial features as well as social functions. In 2017, Ahlfeldt and
Pietrostefani (2017) roughly determined the economic and morphological density and mixed land use
characteristics which make up the compact city as dense urban form.

For this project, I want to apply the urban densiőcation understanding as in őgure 2.2. It shows the
variants and features I am focusing on. Next to variants of topping up of buildings, inőlling and area
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transformation, I discerned the features of mixed land use, settlement density, low-impact mobility and
proximity of functions from the literature I studied (Ahlfeldt & Pietrostefani, 2017; Bibri et al., 2020;
Haarstad et al., 2023; Mohajeri et al., 2019; Mouratidis, 2018; Neuman, 2005; Westerink et al., 2013).

Figure 2.2: Zooming into the densiőcation variants and the features discerned from the studied
literature observed in this thesis.

2.2.2. The social impacts of urban densiőcation in previous works
Densifying city planning has been hauled as solution for the planning of environmentally sustainable
cities (Byrd & Ho, 2012). However, criticism of this planning doctrine as an unachievable ideal has been
brought forward too. Not least in 2005, Neuman (2005) elaborated about the "compact city fallacy"
and criticised, that urban form alone could not be seen as a certain determinant of sustainable urban
development (p. 23). Several other authors followed (Bibri et al., 2020; Byrd et al., 2013; Cavicchia &
Cucca, 2020; Latasa & Laurenz, 2023; Lehmann, 2019; Muñiz & Dominguez, 2020; Næss, 2014)).

In their 2021 study, Larimian and Sadeghi (2021) developed a framework for "a comprehensive
and multidimensional scale for measuring urban social sustainability (USS) at the neighbourhood
level" (Larimian & Sadeghi, 2021, p. 622). Their framework comprises seven social sustainability
dimensions, namely: neighbourhood satisfaction, sense of place, safety and security, social equity, social
interaction, housing satisfaction and social participation. Their understanding therefore stems from a
social satisfaction rooted in the social facet of the urban built environment.
A resident’s perception of the neighbourhood and its functions for physical and mental well-being,
self-fulőllment and security are central to their measurement variables (Larimian & Sadeghi, 2021,
p. 628). The authors founded their work on previous studies by Bramley et al. who raised the functions
of viability, long-term setting for cultural development, human interaction and communication as
determinants of urban social sustainability, as well as Hemani et al. who highlighted that "creating
urban spatial forms that nurture[...] the 4 ’s’, social capital, social cohesion, social inclusion and social
equity" through "a combined top-down and bottom-up process". Lastly they divide research on the
sustainability of cities into studies at the macro level (region and city) and micro levels (community and
neighbourhood) (Larimian & Sadeghi, 2021, p. 623).

In their literature review and subsequent comparative case study Westerink et al. (2013), showed
at the example of four European regions, that densiőcation planning for the goal of a compact city can
lead to adverse effects on sustainability, which they categorised into social, environmental, economic
and resilience aspects. Each of the aspects was analysed at the hand of indicators deőned to be
distinguishable in a compact vs. dispersed city (Westerink et al., 2013, p. 478).

Ahlfeldt and Pietrostefani (2017), categorized literature analyses (n = 201) along 15 outcome di-
mensions, in which literature expected certain theoretic impacts of densiőcation, i.a. access to jobs and
services/amenities, social equity, safety, open space, mode choice, and health. The connections that
were based on scientiőc theories, were tested against the results of empirical analyses in case studies (n
= 321). This evaluation presented a divergence of scholars’ expectations and the empirical studies.
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In their evaluation of policymakers’ expectations about urban densiőcation measures’ impacts against
the insights gained from a literature review (n = 229, global scope, peer-reviewed empirical studies),
Berghauser Pont et al. (2021) concluded a clear misalignment of planners’ expectations and peer-reviewed
work on the effects of urban density. The group summarized the empirical evidence under the themes
of public infrastructure, transport, economics, environmental impact, social impact and health impact,
each of the categories comprising at least three indicators (Berghauser Pont et al., 2021, p. 384). In the
second step, this work showed impressively, that amongst the Swedish planners consulted to gather the
motivations between the densiőcation plans, the expected social and economic impacts were estimated
much more positive, while the environmental impacts were believed to be more negative than the
literature review suggested. This study spotlights that there is an evident divergence between scientiőc
knowledge and urban planning practice expectations. Even the results of this test cannot be generalised
and needs to be seen at the background of the Swedish context, it might still be considered impressive
due to the strong standing of Swedish urbanism scholarship and policies.

In 2014, Næss (2014) reviewed the literature on the health impacts of urban form and evaluated
these against a case study of Oslo. The indicators considered in this study were district density, location
relative to the city center, number of dwellers per dwelling, percentage of intra-urban green areas
and bordering surrounding forests to the districts. Several socio-economic variables were included as
explanatory variables to identify the dependent health variable, life-expectancy was identiőed along
cardiac infarcts per 10,000 inhabitants and as intermediary variable between built environment and
health, the exposure to noise. The results of the study are adding to the complex observation of the
impacts of densiőcation. While it may lead to increased outdoor activity of residents, the location of
sufficient work places and the character and quality of the transport system within the city and beyond
are decisive for the residents’ health.

2.3. The Energy Transition (ET)
In global policymaking, SDG 7 calls for ensuring "access to affordable, reliable, sustainable and modern
energy for all, with the sub-goal 7.2 of substantially increasing renewable energies’ share in the global
energy mix. To reduce GHG emissions and increase energy efficiency requires a reconsideration of
provision and use of energy (Rutherford & Coutard, 2014). Globally, the share of renewable energies has
been growing, shifting the energy system slowly towards large electricity infrastructures (International
Energy Association (IEA), 2021).
In urban contexts, the emissions generated over the whole life-cycle of the building stock are immense.
Construction, heating, cooling, and other forms of use and maintenance that consume energy contribute
vastly to the global energy emissions (C40 cities, 2023; Kennedy et al., 2015; Pichler et al., 2017). In this
thesis I will look at the sectors of mobility, residential heating and cooling, urban energy production
and the urban energy grid. I will not look at production, manufacturing, waste, amenities (incl. food
and feed), services and construction. Figure 2.3 shows the sectors and features of the ET that I include
in my scope for this transition. The őgure is based on Table A.3 in Appendix A.3.

Figure 2.3: Zooming into the ET sectors and features observed in this study, compare C40 cities (2023),
Kennedy et al. (2015), and Pichler et al. (2017).
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2.4. Climate Change Adaptation (CCA)
Urban CCA plans are established globally (Pörtner et al., 2022, p. 71) and SDG 11.b. calls for the
adoption and implementation of "integrated policies and plans towards [...] mitigation and adaptation
to climate change, [and] resilience to disasters". Many cities globally engage in CCA to adapt their built
and social structures to changed circumstance. With the evolution of cities throughout the centuries and
the current consequences of CC, material and immaterial infrastructures are in need of adjustments.
Within my scope I will look at the sectors of CCA management, thermal comfort, ŕooding and drought.
Figure 2.4 shows the CCA sectors and features that I included into my scope, based on Table A.4 in
Appendix A.4.

Figure 2.4: Zooming into the CCA sectors and elements observed in this study, re-conceptualised and
adjusted to scope from C40 cities (2023).

2.5. Climate Action: climate justice and vulnerability
CA (in my thesis: CA = ET + CCA) strives to avert and alleviate the consequences of CC. Thereby it
could be assumed that it was inherently socially sustainable. However, reviewing works on the social
sustainability of CA, the concepts of climate justice and vulnerability are essential.
In this project I draw from Adger et al. (2009) and Duus-Otterstrom and Jagers (2012) as in Byrne et al.
(2016),

deőning climate justice as "[referring] to efforts to overcome the inequitable distribution of climate
change burdens and beneőts among populations, and also to actions intended to remedy unfair

responsibilities for mitigation and adaptation [...]" (p. 1).

In the urban context, even the much smaller neighbourhood or city scale can lead to unjust impact
distribution. As Williams et al. (2023) have pointed out for the case of public health: "current planning
efforts to improve public health mainly consider how social and environmental factors directly affect
health of populations as opposed to evaluating how these decisions alleviate or exacerbate existing
inequalities within populations" (p. 167, emphasis added).

These "existing inequalities" are essential, as they lead to differing levels of resident vulnerability.
How much a resident is affected by a changed situation depends on their sensitivity and susceptibility
on the one hand. On the other hand it is decisive whether the group or individual can cope with a
changed situation and/or adapt to it. Combined, the sensitivity/susceptibility and adaptability/coping
capacity determine the residents’ vulnerability. Following Campos et al. (2014), Habitat III Secretariat
(2017), and Tapia et al. (2017), the exposure and hazard factors multiplied with the vulnerability
factor results in the risk faced. How I stated climate justice in the paragraph above however is a
simpliőcation. Not alone climate justice incorporates several dimensions, but also inequality in the
context of CC and environmental impacts is a broad term. Whether it is about the distribution of
causes, impacts, monetary or non-monetary costs, policies, institutional processes or recognition in
environmental change processes, these are issues of inequality in climate justice (Heyen, 2023). The
complexity of socio-technical systems (i.e. systems, where society and technology interact, drastically,
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any human-made system based on technological items) and the uncertainties in the future development
of CC suggest the remit that any CA most certainly also leads to some kind of adverse social impacts,
diminishing the social sustainability of the intervention, project or other form of action.

Research on the justice dimension of the ET has been called out as lacking (Sun et al., 2023). Potential
realms of social inequality and thereby unsustainability of the ET are: Inequity in resource extraction
(e.g. Roche et al. (2023)), investment, siting and őnancial gains of renewable energy generation of wind
or solar energy (Bennett et al., 2023; Ghisellini et al., 2023), events such as blackouts due to changed
grids and infrastructures, hitting in particular the less well-off and prepared (Capitanescu, 2023).

CC leads to multifaceted risks and also CCA and disaster risk reduction lead to multitude of - direct
and indirect - social impacts. In the CCA literature, the vulnerability of social groups is an essential
factor in the assessment of CCA social impacts (Filho et al., 2018; O’Brien et al., 2006). Progressing
insufficient mitigation and adaptation to climate change policies lead to increasing inequality of human
costs of climate heating, including social conŕicts arising from i.a. extreme weather events, poor harvests
and health inequalities (Lenton et al., 2023). As Imperiale and Vanclay (2023) suggest, the observation of
social impacts in climate resilience, CA and CCA pursuits is difficult. Understanding the particular
urban social impacts of CCA is crucial in the light of increased global levels of urbanisation.

2.6. Research gap and sub-research questions
The social dimension of urban densiőcation has gained attention in academia and spatial planning. The
same accounts for the social impacts of the ET and CCA. But the collection of the scientiőc stance on
feedbacks and trade-offs on a multidimensional basis, at the interface of the three transitions, needs
to be explored (Ahlfeldt & Pietrostefani, 2017). To prevent undesired social impacts due to urban
densiőcation and climate action processes, it is necessary to identify gaps and overlaps between science
and practice in terms of the potential social impacts of urban densiőcation processes in times of
simultaneous CA interventions.
Due to the limited space in the urban built environment, I hypothesise that there are social impacts
only arising from the simultaneous engagement in urban densiőcation and CA. These social impacts
originate from interdependencies between the transitions, see Figure 2.5. This is founded in the fact
that these transitions compete with each other in terms of space and budgets, which could be monetary
or in the form of environmental impacts. Additionally, the transitions create őrst and second order
biophysical impacts on each other and lastly, on the global systems as depicted by Rockström et al. (2023).

I want to try to identify these interdependency themes in my analysis to assess the social impacts arising
from them. Therefore, this project aims to compile the current knowledge comprehensively, to not
only look at social impacts arising from densiőcation, but, to look at them in times of simultaneous CA
interventions. This may shed light on social impacts predominantly due to the arising interdependencies
of the simultaneous development.
As shown by Berghauser Pont et al. (2021), comparing the impacts of urban densiőcation stated in
literature with the planning motivations of municipalities can reveal indications for urban planning and
research alike. These are crucial to be observed in urban densiőcation processes on municipal agendas.
By comparing scholars’ and urban policymakers’s explicit and implicit mentioning of social impacts,
knowledge gaps or overlaps on both sides may be identiőed to give indications to research and policy-
makers working on urban densiőcation in these times of CA.

Finally, such a profound knowledge is indispensable to follow principles of precaution, to limit
urban inequalities and to prevent the propagation of vulnerabilities as these urban interventions
proceed.
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Figure 2.5: Hypothesis: Next to the direct social impacts of each transition (yellow arrows),
interdependencies between densiőcation, CCA and the ET (dashed boxes) create social impacts (yellow

dashed arrows).

This said, it is reasonable to ask the main research question of this thesis:

Which social impacts arise from simultaneous urban densification and climate action in the form of
climate change adaptation and the energy transition?

I accompany this main question with four sub-research questions (SRQs):

1. Which social impacts arising from the interdependencies of simultaneous urban densiőcation and
climate action-related transitions are explicitly and implicitly mentioned in literature?

2. Which social impacts arising from the interdependencies of simultaneous urban densiőcation and
climate action-related transitions are perceived by policymakers?

3. How does the perception of urban policymakers differ from or overlap with social impacts
mentioned in literature?

4. Which are the main contextual factors mentioned with regards to these social impacts and what
are the implications for research and policymaking?

2.7. Research design
In the words of Joensuu et al. (2020), the urban built environment is a "technical, environmental and
cultural system that is produced, used, managed and maintained by humans for humans, making it a
topic the understanding of which calls for multidisciplinary knowledge" (p. 3). The IE lens is a suitable
tool to investigate these questions.

The approach I chose is a qualitative mixed-methods approach. This parallel observation of two
perspectives, shown in Figure 2.6, an integrated mixed methods review synthesis, (Guetterman &
Fetters, 2018), constitutes (see Figure 2.7 in two pages):
Based on a comprehensive literature review, I create a knowledge base to answer SRQ 1. The answer to
SRQ 2 is explored in a case study, at the hand of interviews that I conducted with urban policymakers
in the urban development departments in the municipality of Amsterdam. By means of their replies
I gained better insight into policymakers’ perception of the social impacts and system connections.



2.7. Research design 14

Figure 2.6: Outline how the SRQs will be answered by the observation of the 2 perspectives on the
social impacts of urban densiőcation in times of climate action.

Finally, a comparative thematic analysis enabled me to discern overlaps and divergences and contextual
factors from the insights gained in SRQ 1 and SRQ 2 to answer SRQ 3 and SRQ 4.

2.7.1. Justiőcation and limitations of the chosen design
The őrst method chosen is a systematic, integrative literature review. Such a review collects and
synthesises previous works published on a topic in a structured manner (Rocco & Plakhotnik, 2009;
Snyder, 2019; Torraco, 2016; Xiao & Watson, 2019). In this way, I conducted a synthesis of the insights
collected to create a knowledge base, founded on the literature review items. This re-conceptualises and
thereby widens the perspective on the relationships between densiőcation, the CA transitions and their
social impacts. As Xiao and Watson (2019) state, the goal of a [stand-alone] review is to "attempt to
make sense of a body of literature through the aggregation, interpretation, explanation, or integration
of existing research [...]" (p. 94).
This thesis therefore encounters the difficulty to describe and categorise social impacts of densiőcation
and CA transitions. This is achieved by making use of processes and experiences depicted in previous
work of other scholars. Within the constraints of a master’s thesis, it is justiőed to approach the
research questions which such a strong reliance on other scholars’ work, instead of other theory-building
approaches such as grounded theory.
The second method, the conduction of semi-structured integrative, exploratory interviews with urban
policymakers allows for the observation of the gap between research and practice in the context of the
chosen case study. Thereby, the őrst part of the thesis is supplemented with an integrative, exploratory
element (Whittemore & Knaŕ, 2005; Xiao & Watson, 2019). Semi-structured interviews are well-suited
to the exploratory nature of SRQ 2. They provide manifold insight into stakeholder perceptions by
allowing follow-up questions and probing of the interviewees (Adams, 2015).
This approach looks at studies observing bio-physical and technological changes and their consequent
social impacts as well as the perception of these changes and their social impact of actors from the őeld
of governance. This combined method not allows for the identiőcation of hot-spots for further research
(Rocco & Plakhotnik, 2009; Torraco, 2016), but is also substantial to the őeld of IE.

I agree with Vanclay (2002)’s calls for caution. To conceptualise social impacts without commu-
nity input, i.e. without involvement of the affected public and merely basing the assessment on expert
judgement leaves strong blind spots. Not at last, is the desirability of projects or their alternatives or the
weighting of gravity of social impacts only to be retrieved when the community affected is heard.
During the course of the thesis project, my focus was set on trying to grasp potential social impacts as
comprehensively as possible, founded on the reports of a multitude of scientiőc research. I make use of
the intersectionality understanding and system thinking approaches and I aim at providing a holistic
image of the social impacts of urban densiőcation and CA transitions. However, social consequences
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Figure 2.7: Research Design of the thesis: mixed methods design of a systemic literature review and
semi-structured interviews in a case study. The results of the two methods are a knowledge base of

social impacts and the perception of social impacts by policymakers. They will be compared in a
thematic analysis. Lastly, the main contextual factors overlaps and divergences will be discerned to

draw conclusions for research and urban planning policymaking.

pointed out are founded on my understanding of social processes and thereby subjective. They are also
the result of my positionality, bias and background as well as the authors’ and interviewees’ bias and
positionality. Nonetheless, I aim at reŕecting on these drawbacks in the comparative analysis (Braun &
Clarke, 2006, p. 80) of my data sets and am always open for exchange in the matters discussed.

2.7.2. Scope of this thesis: urban boundaries
My scope focuses on the relationships between densiőcation and other urban transitions on a city level,
including metropolitan areas. In some cases, the assessment will also go beyond the city limits where
data sources highlight impacts outside these boundaries which are too substantial and impacting to be
left out of the discussion, either in the social or environmental dimension.



Chapter 3

The Social Dimension: Background
Literature

In this chapter I delve deeper into urban social impact relationships. First, in Section 3.1, I will provide a rough
overview on intersectionality and urban inequalities which affect the recipients of social impacts. Second, I explore
the seven SIs of Vanclay’s framework at the hand of literature. This is illustrated visually in Section 3.2 and
provided in full in appendix A.5. I considered literature focusing on impact interactions in the urban space. These
later-on determined my reasoning in the data analysis.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

3.1. Intersectionality and urban inequality understanding
As social identities are complex and dynamically shaped by contexts, traits and experiences, scholars
have argued that the vulnerability of (urban) residents (Kuran et al., 2020; Versey, 2021) to threats such
as climate change are subject to intersectionality. In this sense, how much an individual in its context
is affected by a process, will depend on the individual’s intersectional traits. Often, such impacts can
lead to a perpetuation of inequality. For instance, might a meteorological disaster such as a ŕood or
heat wave affect health, income, community and gender categories to varying degrees through loss of
harvest, income, relocation and gendered behaviour or (im-)mobility patterns (Ergas et al., 2021; Harlan,
Sharon L et al., 2015; Nagel, 2015)
Along this understanding, city elements and relationships affect human residents in different ways.
Social and environmental impacts underlie intersectional mechanisms, "[...] considering interlocking
systems of oppression, such as - but not limited to - race, gender, class, sexuality, ethnicity, nationality,
indigeneity, ability, religion, species, scale and rural/urban as well as Global South/North divides"
(Ergas et al., 2021, p. 15). This means that individuals who identify with distinct traits or (assigned) roles
will be affected in distinct ways and magnitudes. The intersectionality understanding as per scholar
Crenshaw (1989, 1990) has been applied not only to environmental, climate and social justice issues
(Ergas et al., 2021; Malin & Ryder, 2018; Ryder, 2017), or climate justice (Kaĳser & Kronsell, 2014), but
also to urban planning and other forms of spatial planning (for health equity see Williams et al. (2023),
for mobility Cundill et al. (2021), for CCA planning Osborne (2015)).

3.2. Literature review on social impacts
This section elaborates on the applied conceptualisation of each of Vanclay (2002)’s seven SIs (consider
again to Appendix A.1 for the full list). I allocated the full-text version of the literature review to
Appendix A.5, where each subsection includes the literature contributing to the reasoning of social
impact occurrence in the analysis in this project. Figure 3.1 in the main text of this chapter summarises
the main points per SI that the literature I consulted elaborates on.

16
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Figure 3.1: Social impact spheres with conceptualisation of Vanclay (2002)’s SIs as applied in this thesis. Each word bubble represents the main issues
discussed in the literature reviewed and described in Appendix A.5.



Chapter 4

Methods

In this chapter I provide an overview of my methods. Starting by revisiting the conceptualisation of the previous
chapters in Section 4.1, I present the őrst data collection method, the literature review, in Section 4.2. In Section
4.3 I describe the case study selection and then elaborate on the second data collection method, the interviews,
in Sections 4.3.2 and 4.3.3. The analysis of my collected data is described in Section 4.4. I őrst describe the
identiőcation of the interdependencies between densiőcation and the CA transitions in section 4.4.1 and state the
terminology that I applied in Section 4.4.3. Then I explain the codebook that I used (consult Appendix B.6). Lastly,
I explain how I synthesised my results to discern overlaps and divergences and to draw conclusions in section 4.4.4.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

4.1. Desk research and conceptual map
Desk research on densiőcation, the CA transitions and the categorisation of social impacts stood at the
opening of this study, see previous Chapters 2 and 3. Founded on this knowledge, a three-dimensional
(3D) conceptual map (CM), Figure 4.1, was designed.

Figure 4.1: Three-dimensional conceptual map based on the conceptualisation in the previous chapters.
The 1st dimension (1D) is urban densiőcation. The second dimension (2D) is CA and the two transitions

embedded therein. The third dimension (3D) are the social impacts created.

This map served as a baseline in the research (Rocco & Plakhotnik, 2009; Torraco, 2005) and included:

• 1st dimension (1D): the densiőcation variants and features observed in this thesis, see Figure 2.2,
• 2nd dimension (2D): the two CA transitions in the focus of this study, Figure 2.3 and Figure 2.4,

and
• 3rd dimension (3D): the social impact categories and their individual social impacts, Figure 4.6 as

an example for the SI health, as deőned by (Vanclay, 2002), explored in Chapter 3 and listed in
Appendix A.1.

4.2. Literature review: data collection
The review goal was to őnd answers to SRQ 1 and to create a knowledge base on the social impacts
arising from densiőcation and simultaneous CA. This provided input for SRQ 3. Figure 4.2 displays an
overview of the data collection in the literature review.

4.2.1. Search strategy and created data set
The setup of the literature review methodology was guided by the step-by-step guidelines of Xiao and
Watson (2019), Torraco (2005), Javidroozi et al. (2023) and Moher et al. (2010). First, general decisions
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Figure 4.2: Data collection literature review: Based on the conceptualisation of the transitions and
social impacts, the search was conducted. I deőned the search queries on the basis of the search strategy.
The generated data corpus (n = 979) was scanned for relevant items, making use of the inclusion and
exclusion criteria. I based the criteria on the CM. The reading of the full-text items brought me to an

author-centric data set (n = 91, Sources: Torraco, 2005; 2016, Xiao and Watson, 2019; Webster and
Watson, 2002).

about the search strategy were taken. The search strategy that guided the literature review is included
in Appendix B.1. The search strategy differentiated between decisions and processes. The search was
conducted in the abstract, title and keyword őelds of the databases SCOPUS and Web of Science. There
was no publication date limitation set. In the next phase the search was conducted and works collected
and stored (n = 979). The generated data corpus was scanned for relevant items, making use of the
inclusion and exclusion criteria. I based the relevancy decisions on the CM. The reading of the full-text
items brought me to an author-centric data set (n = 91). This followed the steps of 1) identiőcation, 2)
screening, 3) eligibility and 4) inclusion.

4.2.2. Literature review per search theme
The search strings were established based on the CM. These had to be kept broad to not exclude studies
whose main purpose might not have been to investigate social impacts as such, but rather, mentioned
them as a side effect. I created a spreadsheet with search strings and the number of the retrieved results
for the ET and CCA respectively, see Appendix B.2. This formed the data corpus as per Braun and
Clarke (2006).

After they had been collected in SCOPUS, duplicates were removed and the abstracts of the search
results scanned for applicability to the search goal. For the articles on the themes of mobility and heating
and cooling in the ET a .ris-őle with the search results exported. I imported this őle to ASReview.nl. This
open source software, developed at Utrecht University, is based on an active learning algorithm which
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scans the abstracts of a provided list of written works (ASReview LAB developers, 2023). At the start of
a new project, the reviewer trains the algorithm by labelling irrelevant and relevant papers. In line with
the training set, the provided titles are sorted by the algorithm as per their expected relevance for the
human reviewer. After saturation of the search project, i.e. the decrease in relevant paper frequency, the
review could be stopped. This enabled me as the reviewer to extract an excel-őle with the sorted articles
(based on the heating and cooling and mobility search queries), which I then scanned and read when
deemed relevant to the RQ. The project training information and sorted data can be requested.

The inclusion and exclusion criteria were organically derived from the CM, the project’s scope
and SRQ’s. Excluded search results were items that did not adhere to research in urban or built
environment systems. For instance, several results were not appended to the list as they did not refer to
urban, but other forms of densities (e.g. ŕuids). Similar őeld in-applicability occurred for searches of
precipitation. Here, results for sediment precipitation were excluded. Almost all conference proceedings
were excluded as well, with the exception of an item that was identiőed as such later-on. Further,
the search was based on search queries and items in the English language, with one exception. The
inclusion and exclusion criteria are included in Appendix B.3.
The remaining articles were read in full and the author-centric data-set established, see Appendix B.4,
(Webster & Watson, 2002). The data collected from the literature review were general information about
the publication of the item, the method, the authors’ conclusions and implications for the research goals
as most important to name here ans amongst others.

4.2.3. Review outcome overview
The literature review focusing on papers on the ET in the context of densiőcation generated a őnal
amount of 41 results. Many papers were also collected in the complementary review, via snowballing of
references, insights and authors. The majority of papers was collected for the search strings of mobility
and heating and cooling. Low numbers of papers were collected in the spheres of energy infrastructure
(without reference to production and use), as well as food production or energy availability.
The search for papers on the intersection of densiőcation and the CCA could be based on prior
knowledge collected during the literature review on the ET. This was particularly the case for the CCA
element of thermal comfort. Overall, 47 papers were collected and added to the CCA catalogue.
Three papers were added which are not added to one of the two transitions in particular. These were
collected in author snowballing and deemed relevant as for their particular knowledge on densiőcation
implications on public health.

4.3. Case study
4.3.1. Case study selection: The city of Amsterdam
The current municipal government of Amsterdam subsumed their council period under the guiding
principles of equal opportunities, sustainable future, responsible growth and cooperation. This is guided
by the motto of "a solidary city, with opportunities for everyone" in the current coalition agreement
((PvdA) Moorman et al., 2022).
The selection of Amsterdam as a case study was due to several reasons. First, the termed housing crisis
is pushing the Dutch capital to massively create housing units. The idea to conduct this project was born
at the background of the current drafting of a densiőcation strategy for housing development (Gemeente
Amsterdam, 2023k). Secondly, the city is at the forefront of climate and resource aware governance:
Amsterdam took on the challenging goal of restricting its development to the city’s boundaries, while
pursuing the ET, CCA, an increase in the biodiversity in the urban space and a circular economy.
Lastly, readers can be pointed towards Churchman (1999). The author depicted the Dutch urban
planning strategies and reviewed Dutch works from as early as 1988, focusing on urban densiőcation.
With the intention to form the Dutch Randstad area, separated from the area of the so-called "Green
Heart" (groene hart), aiming at a reduction of urban sprawl and agglomeration of urban environments.
Therefore, Amsterdam poses an interesting and highly knowledgeable case study.

4.3.2. TU Delft human research ethics approval procedure
As the research drew from human individuals’ input, such as opinions, perceptions, interests, knowledge,
understanding etc., it underlay the TU Delft Human Research Ethics (TU Delft, 2023). Prior to the
organisation of the interviews, I applied for the approval of the research design at the Human Research
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Ethics Committee of TU Delft. I underwent a risk planning session after the kick-off of the project. This
session is intended to identify direct or indirect risks arising from the participation in the research
itself and its publication and to draft a risk communication concept. The risks were communicated
in the form of informed consent (ICF), Appendix C.1. The ICF was sent out to the participants prior
to the interviews to inform the participants about the general purpose of the research and their role
as participants in the interviews. The ICF is the essential legal ground for the participants’ consent
to their participation in the interviews and their understanding of the possibility of risk occurrence
resulting from the interviews and the use of their content. This procedure was also part of the Data
Management Plan (DMP), designed in the risk planning session. The collected data were stored,
anonymised, published and deleted in line with the set up data management plan (DMP). Finally, the
DMP and the ICF template were submitted to the Human Research Ethics Committee (HREC) of the TU
Delft for approval. This procedure was also part of the research process to improve the adherence to
standard research ethics in qualitative research including human individuals (Knott et al., 2022).

4.3.3. Interviews: data collection
The organisation of the interviews followed the points in the interview protocol provided in Appendix
C.2, an overview is given in Figure 4.3.

Figure 4.3: Interview data collection: I based the interview protocol and the questions on the
preparatory literature review and the conceptualisation. After deciding on a suitable sample of 9

interviewees, I conducted the interviews and corrected as well as summarised the transcripts. This lead
to a database of transcribed interviews (n=9, Source: Knott et al., 2022).

The sampling of interviewees was founded on a non-random sample, which was not aimed at
obtaining randomized and generalizable opinions of a large population, but to collect qualitative
insight into very speciőc evaluation of the relationships associated with the research objective in urban
development departments (Bhattacherjee, 2012). A contact with the municipality was established
and supported the search for interview participants, as well as an internet and LinkedIn in search for
members of the CCA and ET planning departments in Amsterdam. Moreover, one of the interviewees
was named by another participant as a helpful source for the purpose of the project. An overview of the
sample professional focus is given in Table 4.1.
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Table 4.1: Case study sample of interview participants and their professional focus.

Participant Densiőcation ET CCA Social Sustainability

Interviewee D x
Interviewee E x x
Interviewee F x
Interviewee G x
Interviewee H x
Interviewee I x
Interviewee J x
Interviewee K x
Interviewee L x

Within the semi-structured interview setup, a catalogue of guiding questions was assembled, see
Appendix C.3. Here, forward-thinking was necessary to cover the relevant points of interest in the
interviews (McIntosh & Morse, 2015). It was aimed at gathering sufficient insight in one interview
per participant. For this reason, guiding questions were developed to cover the elements of the CM,
Figure 4.1. They were structured into 7 blocks, including intended duration times to spent on them as a
guidance for the interviewees: formalities, general, the ET and the CCA as well as questions on the
biodiversity transition and circular economy and a closing block. The biodiversity and circular economy
transitions were later discarded off from the main focus of the thesis project. The interview sections still
provided insightful information for the discussion of the results.
Each of the interview participants received the ICF, some general information about the project and the
questions catalogue prior to the interview to enable them to inquire about any unclear points on the
topic or the project procedure. The interviews were conducted in a digital video meeting.
The interviews started with a general opening statement, summarising the research purpose and
establishing that the consent to the participation in the interview had been given. The remainder of the
interview followed the template of the semi-structured interview questions. Where reasonable and
necessary, adjustments of the questions and duration were made corresponding to the interviewee’s
experience and time available for the interview.
Immediately after the interview, the author completed the short-hand notes made during the meeting
including the main conclusions taken from the interview in a half to one page memo. This memo
included a remark on how the author perceived the interview situation and atmosphere. This allowed
for a later recollection and reŕection on the interview situation where necessary (Knott et al., 2022).

4.3.4. Interviews: data treatment and follow-up
The interview transcripts that were generated within the MS Teams software were corrected were the
automatic transcript was wrong. In line with the DMP, the HREC application and most importantly in
line with the agreement made with the interview participants, a summary was drafted for each of the
interviews and send to the respective interviewee. This summary, see Appendix C.4 as .pdf őle in the
supplementary information, included my understanding of the interview sections in quotations and
paraphrases. These were the sections that I wanted to be able to include in my thesis. I took this step to
ensure a correct representation of the participant’s statements (Bhattacherjee, 2012).

4.4. Analysis and synthesis of collected data
For both methods of data collection, the same analysis method was chosen: a thematic analysis as
pre-condition for the synthesis. Figure 4.4 displays an overview of the analysis.

The thematic approach of Braun and Clarke (2006) provides a ŕexible analysis tool originated from
the őeld of qualitative psychology. The explicitly stated (in literature and in the interviews) and
derived (i.e. reasoned by the author) őrst and higher-order social impacts had to be identiőed. For
this purpose, I őrst established a codebook based on the CM, see Figure 4.5 and the full codebook in
Appendix B.6 (Bhattacherjee, 2012; Knott et al., 2022; McIntosh & Morse, 2015; Schmidt, 2004; Xiao &
Watson, 2019). The labels were grouped into SI, CA, densiőcation and additional report labels. The codes
for the CA transitions was based on the conceptualisation summarised in Figure 2.3 and Figure 2.4. The
codes related to urban densiőcation however did not deőne variants of features. In both data sets these
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Figure 4.4: Analysis of the two data sets: A codebook was developed based on Chapter 2. I coded the
author-centric literature review dataset as well as the interview data set. This resulted in the coded
results, the concept-centric knowledge base, and the concept-centric interview summaries (Sources:

Knott et al., 2022; Braun and Clarke, 2006; Rocco, 2009; Torraco, 2016).

were often not speciőcally named by the sources. Instead, I inductively looked at densiőcation attractions,
costs, enablers, strategies and population density and accompanying policies/tools. Additional report
codes that I added deductively included statistical information (such as "region", "research őeld" or
"methods" of the literature review items) or recurring phenomena (such as "ownership", "knowledge
silos" or "urban inequality") which gave insight into the diversity of the collected data and/or were
used in the discussion of the results.
Figure 4.6 shows the multitude of the individual social impacts at the example of the SI health. For the
remaining SIs, refer to Appendix A.

Figure 4.6: Example of the individual social impacts comprised in SI "health".
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Figure 4.5: Overview of the codebook applied, the őve code groups based on the conceptualisation
included 25 category codes and lead to 331 individual codes. Complete codebook in Appendix B.6.

4.4.1. Interdependencies of densiőcation, the ET and CCA
In the analysis of the data, I could discern őve themes of interdependencies between densiőcation, the
ET and CCA: 1) the UHIE, heat and drought, 2) WATER: ŕood and rain, 3) mobility, 4) heating and
cooling, and 5) energy and electricity grid and sources, see Figure 4.7. These emerged as recurring
patterns in the data, themes that lay at the interface of densiőcation and CA.
An example: Densiőcation with the aim of housing creation and provision of additional facilities, might
be conducted through, for instance, the addition of ŕoors on top of an existing building. Logically, this
could affect the experience of the UHIE, by changing air corridors or increasing shading, but also the
volume of heat-absorbent or reŕecting building materials. What is more, its added amenities as well as
residential units might affect the electric and thermal energy systems through direct usage of electric
energy for appliances but also via heating and cooling. A shift towards an electric mobility system
pursued at the same time, and now for an increased number of residents in the neighbourhood will also
require additional grid and storage capacities. Lastly, if many housing units are added and construction
is taking place below ground or on ground level this affects the hydrological system in place. Not only
will the use of potable water change due to the consumption patterns of residents, but the building will
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impact underground water ŕows, the sewage and drainage systems, especially during strong rainfall
events, or after dry seasons. Vice versa, these will affect the building and its residents.

Figure 4.7: Next to the direct social impacts of each transition (yellow arrows), I identiőed
interdependency themes between densiőcation, CCA and the ET (dashed boxes) creating new social

impacts (yellow dashed arrows).

Table 4.2 shows the codes that were assigned to the interdependencies. The mobility and heating
and cooling themes only contain one label with the equivalent name respectively.
I conducted the coding in two rounds to limit overlooking or double-counting of SI reported in the
data items. As this included reasoning, i.e. my interpretation, the coding drew largely from the
conceptualisation and understanding in Chapter 2 and Chapter 3.

Table 4.2: CA labels organised into the őve interdependency themes. Mobility and heating and cooling
themes only comprise one equivalent label respectively.
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The steps described above resulted in:

1. the concept-centric knowledge base excel workbook, see Appendix B.5 on social impacts of
densiőcation and CA transitions in response to SRQ 1, and

2. the concept-centric coded interview summaries as database in response to SRQ 2.

4.4.2. Regions and countries chosen for comparability
Moreover, to test the knowledge base at a case, I applied the őndings from the literature review to the
case study of Amsterdam: In parallel to the complete literature review data set and the interviews, I also
extracted the main impacts from the literature review data set reduced to a region that was chosen to be
comparable to the region of Amsterdam and the Netherlands, the "AMS-region". The list below includes
the regions and countries within that were chosen due to geography, climate and common policy.

• Austria
• Central Europe
• Denmark
• Europe (city comparisons in three studies)
• Finland
• Germany
• global
• Ireland
• no region
• Northern Europe
• Norway
• Switzerland
• The Netherlands
• The UK
• Western Europe

This reduction tested the impact of geography and policy on the perception of social impacts in the
literature and thereby the generalisability of the generated knowledge base to other cases.

4.4.3. Revisiting the analysis terminology
Concluding this section, I want to repeat the terminology I applied in my analysis.
"SI" refers to the seven social impact categories of Vanclay (2002). These comprise individual social
impacts, the impacts that are experienced by human individuals. I conducted the coding on this level
and could then compile and generate results on both levels, the SI and individual social impact level.
I distinguished between stated and reasoned impacts: Stated impacts were explicitly mentioned by
authors or interview participants. Were I discerned impacts based on my conceptualisation and
understanding as implicitly embedded in one of the two data sets, I speak of reasoned impacts. These, I
therefore identiőed in addition to the stated impacts.
Finally, I identiőed őve themes as interdependencies between densiőcation, the ET and CCA. In the
following chapters I refer to them either as "interdependencies", "interdependency themes" or simply,
"themes".
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4.4.4. Synthesis
In line with Webster and Watson (2002), the input knowledge for a synthesis may come from "theoretical
explanations for "why", past empirical őndings, and practice or experience" (p. xix). The synthesis of
the data collected in my mixed-methods approach drew from past empirical őndings, i.e. the literature
assessed for a deeper understanding of the SI in the urban sphere, in Chapter 3. The steps of the
synthesis are shown in Figure 4.8.

Figure 4.8: Concluding analysis of divergence and overlaps between research and policymaking
practice. Comparison of prevalent individual social impacts in the themes and SI-code occurrences

(Sources: Knott et al., 2022; Braun and Clarke, 2006; Rocco, 2009; Torraco, 2016).

I extracted the SI code occurrences and the co-occurrences between social impacts and the interde-
pendency codes. I could rank the SI in the two data sets and discern the most prevalent social impacts
for both data sets in the őve themes. Additionally, these results were created for the AMS-region.
These results were compared against each other to discern overlaps and divergences in terms of occur-
rence statistics and main contextual factors in each of the themes. Hereby, SRQ 3 could be answered.
Lastly, to answer SRQ 4, the observation of the results and responses to SRQ 1-3 and at the light of the
main contextual factors, conclusions for policymaking and research were drawn.



Chapter 5

Literature Review: Results

The results from the systematic literature review are presented in this chapter. You őnd an overview of the
literature items in Section 5.1. This allows to better comprehend the results in the later analysis and to give more
substantiated recommendations for further research. The result of the literature review, the knowledge base of stated
and reasoned impacts is introduced in Section 5.2. For formatting reasons, the knowledge base is included as
supplementary information as excel őle in Appendix B.5. Lastly, in Section 5.3 I show the main statistics for the
social impacts explicitly and implicitly mentioned in the literature review data set. I do this on the level of the SI,
see 5.3, where I also show the results of a reduction of the literature review to the items in a region approximating
the case study, the AMS-region. I close with an overview of the individual social impacts that are most prevalent
in the őve interdependency themes, see 5.4.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

5.1. Literature items overview
This section presents the general statistics of the literature review. The list of articles can be obtained
from the supplementary information in the Appendix B.4 excel workbook "author-centric LitRev data
set".
Out of the total 91 items added to the literature review, 58 were published in the őve year time span of
2019-2023. For the years 2012 to 2018, I assessed 3 to 4 items per publication year with the exception of
seven items assessed that were published in 2016, see Figure 5.1.

Figure 5.1: Overview of the publication years of the 91 items of the literature review. 58 papers were
published between 2019 and 2023.

28
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The literature review data set showed clearly that the publications per year increased steadily. After
the number of published items jumped in 2012 and 2016, publication took off after 2019 and 2020.
Considering the publication process length from the onset of a research project to the őnal publication in
a journal, the strong increase in CC related topics in the years after 2010 and after the "Paris Agreement
of the COP 2015, the Conference of the Parties of the United Nations Framework Convention on Climate
Change (UNFCCC), might be one of the reasons for this increase. The publications related to a search
on "CCA" in SCOPUS show a similar pattern. The number of published items in relation to "ET" also
show a steady growth, even though in this őeld, publications started to increase in numbers earlier,
leading to a more steady upwards curve.
The search was conducted in the period 08-05-2023 to 20-07-2023. Individual papers were added until
10-08-2023. The data set was comprised of 86 journal articles, 3 conference papers and 2 book sections.
The most prevalent journals were Science of the Total Environment, Sustainable Cities and Society and
Urban Climate with őve respective publications. Energy Policy as well as Sustainability (Switzerland)
each counted four items.
17 documents in the analysis observed data from Central Europe, thereby being the region with the
highest document count. Northern America was divided into sub-regions, that in sum amounted to 11
studies. 9 studies were conducted in the Mediterranean and Western Europe, respectively. 8 studies
used data from Northern Europe. These and the remainder of regions of study are shown in Figure 5.2.

Figure 5.2: Overview of the regions of study of the 91 items of the literature review. "Global" was
assigned to studies that included data from several locations around the world. "No region" was

assigned to studies that were merely models without any location speciőcs (e.g. lab experiments or air
ŕow computer simulations with a large variety of parameters).

Likewise, Figure 5.3 summarises the countries of study in alphabetical order. The countries with the
highest number of studies included in the review are Germany and the USA with 8 studies respectively.
I also assessed 6 items with case study data from Norway. 5 items were reviewed from both, Austria
and The Netherlands each.

In terms of scientiőc őeld origin of the reviewed items, the highest number of studies was published
in the environmental engineering őeld. However, it has to be pointed out that also closely related,
and overlapping őelds have been included, especially in terms of the water sciences and engineering
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Figure 5.3: Countries of study in the 91 items of the literature review. Countries are only displayed here
where the authors of the study gave a clear case study location indication.

őelds. The categorisation followed the journals of publication and/or the departmental affiliation of
the main author. The őelds of architecture and environmental sciences are each represented with 10
studies, followed by urban development (8), civil engineering, geography and landscape planning
(7 respectively). The lowest number of representation stem from within the geo-sciences and water
sciences, as well as energy policy, meteorology and regional development. But, also here I want to
highlight that the low number is due to the journal emphasis. The distribution of the reviewed items
over the scientiőc őelds can be seen in Figure 5.4

Figure 5.4: Overview of the őelds of study of the items included in the literature review. The őelds
were assigned in line with the Journal as well as departmental adherence of the main author. The

highest number of studies comes from environmental engineering publications, followed by
architecture and environmental science őelds.
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Figure 5.5: The majority of studies were conducted at city-scale, followed by neighbourhood and
block-scale.

The scale at which the studies collected and evaluated their data was categorised into 10 scale levels.
These range from building scale to block, neighbourhood and district scale, via city or village scale to the
metropolitan area, peri-urban or regional scale. One more level was included, which was speciőcally
observing the canopy scale. The majority of studies were conducted at city-scale (42), followed by
neighbourhood (18) and block-scale (9). The count of studies per scale is represented in Figure 5.5.
Finally, the methods included to a large majority studies of spatial analysis, modelling or climate
models and climate as well as urban development scenarios. Figure 5.6 provides the overview of study
methods. The method categories relate to the method terminology used in the literature item. Therefore,
overlaps certainly exist. Additionally, some of the published works generated results by a combined
methods approach, increasing the number of study methods. Less dominant methods are data collected
in surveys, interviews or őeld experiments. Such qualitative approaches are in the minority of the
literature set. It can be seen that also 7 (literature) reviews and 3 framework deőnitions are part of
the data set. This decision was taken as these studies, however not primary data collection methods,
contribute to the body of literature as they formulate new conclusions based on the data taken from
previous studies - as does this project.
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Figure 5.6: Overview of the methods of the included literature items. The method categories relate to the method terminology used in the literature item.
The highest numbers of studies applied spatial data analysis (15), energy system modelling (8), micro-climate models (8) and transport models (7).
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5.2. Knowledge base of social impacts
The őnal result of the literature review is the concept-centric knowledge base. It can be retrieved from
the supplementary information, workbooks Appendix B.5.1. "KB-Stated-Review-DensiőcationThesis"
and Appendix B.5.2 "KB-Reasoned-Review-DensiőcationThesis". These include the labelled quotations
from the literature reviewed. B.5.1 comprises the stated, i.e. the explicitly mentioned social impacts. The
impacts I reasoned from the literature, based on my conceptualisation, form workbook B.5.2. The sheets
are the labels of the codebook. Each sheet catalogues the documents and quotations where identiőed
impacts are stated or have been reasoned by me, based on the conceptualisation presented in Chapter 3.
For instance, if looking for impacts on property values, then, the work sheet "property value" as label
from the SI economic relations will display the documents and quotations where impacts on property
values were either explicitly or implicitly mentioned, depending on the workbook. The other labels
assigned to a quotation enable users to get indications for why this impact might have arisen, e.g. due
to the UHIE, increased ŕood vulnerability, or drainage issues. Figure 5.7 shows a snapshot of the őrst
two entries on the worksheet of property value impacts in the knowledge base of stated impacts in the
literature review.

Figure 5.7: Knowledge base example: őrst two entries for stated property value impacts in the literature
reviewed.

5.3. SI statistics in literature review data set
In this section, I am focusing on the occurrence of the SI and the social impacts labelled within the
literature review data set. Table 5.1 shows the őnal SI occurrence in the literature review data set in
absolute values and shares in % of stated and reasoned impacts.
The total (stated and reasoned) number of label occurrence per SI is: SI livability (218 %), SI health (170
%), SI economic relations impacts (132 %), SI community (105 %), SI institutional (49 %), SI culture (15
%) and SI gender (11 %). Overall, the SI livability was prevalent, with an occurrence of 36 % in the
stated impacts and of 24 % in the impacts that I reasoned as implicitly observable in the literature. Here,
I could identify a slightly higher share of 26 % of implicitly observed health impacts. Amongst the
reasoned impacts, community impacts had a stronger representation than explicitly stated in literature,
20 % and 11 % respectively. Culture and gender impacts were close to absent. For both SIs, I reasoned
them more often than such impacts were explicitly stated. However, their combined total share amongst
the literature review items, is for both 2 %, with a more frequent occurrence of cultural impacts.
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Table 5.1: Overview of social impact code occurrence in the literature data set of stated and reasoned
social impacts. Per SI, the social impact occurrences are given in absolute values and percentage of the

total stated, reasoned or combined occurrences.

Code Occurrence Stated Reasoned TOTAL

SI absolute
share

of stated
(%)

absolute
share

of reasoned
(%)

absolute
share of Total

(%)

Livability 145 36 73 24 218 31
Health 92 23 78 26 170 24
Economic relations 72 18 60 20 132 19
Community 45 11 60 20 105 15
Institutional 29 7 19 6 48 7
Culture 7 2 8 3 15 2
Gender 4 1 7 2 11 2
TOTAL 394 - 305 - 699 -

As Table 5.2 shows, the majority of literature in the case study region, see Section 4.4.2, focused on
the livability impacts (33 quotations) of CCA and health impacts of CCA (24 quotations). The major ET
related impacts were on livability (13 quotations) and economic relations (9 quotations). Additionally,
in the literature set I labelled 8 quotations with stated impacts of CCA on economic relations and ET’s
impacts on health, respectively. In the interdependencies that I have reasoned, social trade-off were
strongest in the same categories for the CCA domain only with a slightly higher number of quotations
of health impacts (15) than livability impacts (12). For social impacts from the interplay of the ET
and densiőcation, I discerned health impacts 12 times in the studies observed, followed by generated
community impacts, economic relations impacts, and livability impacts with 9 quotations respectively.

Table 5.2: SI outcomes if the knowledge base is reduced to the case region studies. Overview of number
of quotations in the literature data set of stated and reasoned social impacts.

EXPECTATIONS
in

number quotations

stated reasoned TOTAL

absolute
share of stated

(%)
absolute

share of reasoned
(%)

absolute
share of total
(%)

Livability 79 40 41 27 120 34
Health 46 23 43 28 89 26
Economic relations 27 14 28 19 55 16
Community 22 11 26 17 48 14
Institutional 15 8 7 5 22 6
Culture 5 3 5 3 10 3
Gender 4 2 1 1 5 1
TOTAL 198 - 151 - 349 -

5.4. Analysis in interdependency themes
5.4.1. Results on SI level, stated and reasoned
The statistics are distinguished for SI stated in the literature items and SI reasoned from the literature
data. Table 5.3 shows the absolute number and share of stated impacts. Table 5.4 displays the results for
impacts that I reasoned from the content of the literature review items.
For a graphic display, I refer to Figure 5.8 for the stated social impacts in the themes and Figure 5.9 for
the social impacts I reasoned from the literature review. The values are given in absolute numbers.

The theme of the UHIE, heat and drought, was the most prevalent in the literature review data
set. I identiőed an overall link number between this theme and the SIs in 200 instances. The most
prevalent SI stated in literature was livability, 40.3 %, the most prevalent reasoned SI health, 35.5 %.
In this theme, no gender impacts could be identiőed in the literature. Culture as well as institutional
impacts of the UHIE were only stated twice, however, culture impacts made up for 1.3 % and institutional
impacts for almost 4 % of the impacts that I reasoned due to the interdependencies between densiőcation
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Figure 5.8: Main SI per theme stated in the literature review. Absolute Values.

and CA related to the UHIE.
Social impacts in the WATER theme I identiőed in 39 quotations. This ranks this interdependency only
in the fourth place out of the őve themes. Of the 25 instances that social impacts were explicitly stated,
44.0 % lay in the SI livability, followed by economic relations impacts at 24.0 % and impacts in the health
SI at 20.0 %. Never stated nor reasoned were cultural or gender impacts, while one item in the literature
review data set stated community impacts in one instance.

The mobility and heating and cooling themes were relatively similar with a total identiőcation
of 103 and 108 social impacts respectively. In both themes, I reasoned even more impacts that authors
explicitly stated.
In the mobility interdependency, all SIs except gender counted at least one stated occurrence. Here,
livability and economic relations impacts were most prevalent. In the impacts that could be reasoned
from implicit content in the articles, all SIs were mentioned and the SI community abreast with the SI
health at each 25.93 % in this theme.
In the heating and cooling theme, the most prevalent SI due to impacts stated in the literature was
health, 31.37%, just ahead of livability, %29.41. Also in this theme no impacts in the gender SI were
explicitly included in the studies. However I could defer one impact from the SI gender in the impacts
that I reasoned from the data. Otherwise, the same SI were prevalent between reasoned and stated
impacts.

In the theme of the electricity and energy sources and grid, the lowest number of impacts were
identiőed. Similar to the UHIE and water themes, more impacts were stated than reasoned. Finally,
economic relations and livability impacts were explicitly stated at the same frequency, making up 50 %
of the stated impacts.
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Figure 5.9: Main SI per theme reasoned from the literature review. Absolute Values.
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Table 5.3: Overview of the absolute number and share of SI stated in the literature review data set arising from one of the őve themes of interdependencies
between densiőcation and CA: 1) UHIE, heat drought, 2) Water, ŕoods and rainfall, 3) Mobility, 4) Heating and cooling, and 5) Electricity and energy sources

and grid.

STATED
LITREV

electricity and energy
sources and grid

heating and cooling mobility
UHIE, heat,

drought
WATER,

ŕood and rain

SI absolute share absolute share absolute share absolute share absolute share

Community 4 20,00% 6 11,76% 9 18,37% 7 5,65% 1 4,00%
Culture 1 5,00% 1 1,96% 1 2,04% 2 1,61% 0 0,00%
Economic
relations

5 25,00% 12 23,53% 14 28,57% 18 14,52% 6 24,00%

Gender 0 0,00% 0 0,00% 0 0,00% 0 0,00% 0 0,00%
Health 3 15,00% 16 31,37% 9 18,37% 45 36,29% 5 20,00%
Institutional 2 10,00% 1 1,96% 1 2,04% 2 1,61% 2 8,00%
Livability 5 25,00% 15 29,41% 15 30,61% 50 40,32% 11 44,00%
TOTAL 20 100,00% 51 100,00% 49 100,00% 124 100,00% 25 100,00%

Table 5.4: Overview of the absolute number and share of SI reasoned in the literature review data set arising from one of the őve themes of
interdependencies between densiőcation and CA: 1) UHIE, heat drought, 2) Water, ŕoods and rainfall, 3) Mobility, 4) Heating and cooling, and 5) Electricity

and energy sources and grid.

REASONED
LITREV

electricity and energy
sources and grid

heating and cooling mobility
UHIE, heat,

drought
WATER,

ŕood and rain

SI absolute share absolute share absolute share absolute share absolute share

Community 2 28,57% 10 17,54% 14 25,93% 12 15,79% 0 0,00%
Culture 0 0,00% 0 0,00% 3 5,56% 1 1,32% 0 0,00%
Economic
relations

3 42,86% 14 24,56% 10 18,52% 10 13,16% 4 28,57%

Gender 0 0,00% 1 1,75% 1 1,85% 0 0,00% 0 0,00%
Health 1 14,29% 15 26,32% 14 25,93% 27 35,53% 4 28,57%
Institutional 1 14,29% 3 5,26% 4 7,41% 3 3,95% 2 14,29%
Livability 0 0,00% 14 24,56% 8 14,81% 23 30,26% 4 28,57%
TOTAL 7 100 57 100 54 100 76 100 14 100
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5.4.2. Results on individual social impact level, stated and reasoned
On the level of social impacts, Table 5.5 shows the most frequently identiőed stated social impacts of
the literature review data set in connection with the őve themes. Table 5.6 provides the main impacts
extracted via reasoning from the literature review data. The number of instances the social impact was
labelled is given in "(...)".

In all őve themes, impacts on well-being and actual health in the UHIE theme were the most prominent
and had similar strong representations in the other themes. In all themes, income impacts were amongst
prevalent impacts. Except in the Water interdependency, the social differentiation impacts were amongst
the prevalent impacts of identiőed stated impacts. Cohering to the nature of this theme, access to public
services and routine disruption are only found in prevalent individual social impacts in the mobility
theme. Autonomy impacts were still quite prevalent in the autonomy theme. Lastly, economic relations
impacts aside income and living standard were prevalent in the electricity and energy sources and
grid (economic dependency and vulnerability), mobility (employment options), Water (employments
options, economic prosperity and resilience). Interestingly, the environmental amenity value is stated as
impacted in 10 instances in the UHIE theme (out of 158 quotations).

The impacts that I reasoned from the data where I identiőed them as implicit in the work added
several facets to the impacts stated. For instance, autonomy impacts took on an even stronger role in the
mobility theme. In this interdependency, I could then also depict cultural values and aesthetic quality
impact. Impacts on the latter were added to the UHIE theme as well as impacts on the perception of the
quality of the built environment. In the water as well as in the electricity and energy sources and grid
themes, property values were amongst the most prevalent individual social impacts. Lastly, in the water
theme, impacts on the government workload and viability found entrance as well.

Additionally, Table D.1 in the Appendix shows the most frequently identiőed stated social impacts in
the literature review data set reduced to the AMS-region in the őve themes. Table D.2 provides the main
impacts additionally identiőed via reasoning in the literature review data set reduced to Amsterdam.
As the number of labelled quotations became smaller, the diversity in the most prevalent identiőed
individual social impacts grew. In this observation the impact of energy expenses, combining living
standard and income in the context of heating and cooling energy expenses became relevant in the
impacts stated in the data.
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Table 5.5: Prevalent individual social impacts per theme stated in the literature review (ranked by frequency). The total stated number of quotations in this
theme is given in the top row.

electricity and energy
sources and grid

Top 21
of 29 quotations

heating and cooling
Top 52

of 71 quotations

mobility
Top 46

of 62 quotations

UHIE,
heat, drought

Top 112
of 158 quotations

WATER,
ŕood and rain

Top 24
of 34 quotations

living standard (4) well-being (10)
social
differentiation (8) well-being (31)

physical
infrastructure (6)

physical
infrastructure (4) living standard (8)

leisure
and recreation (6) actual health (21) actual health (4)

social
differentiation (4) actual health (7) living standard (6) actual quality (16) actual quality (3)

econ. dependency
and vulnerability (3) income (7) autonomy (4)

physical
infrastructure (15)

economic prosperity
and resilience (3)

autonomy (2)
physical
infrastructure (6)

employment
options (4)

environmental
amenity
value (10)

actual safety (2)

housing quality (2)
social
differentiation (6)

access to
public services (3)

social
differentiation (7)

employment
options (2)

income (2) actual quality (4) actual health (3) income (6)
environmental
amenity value (2)

housing quality (4) actual quality (3)
living
standard (6) income (2)

income (3) well-being (2)
physical
infrastructure (3)
routine
disruption (3)
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Table 5.6: Prevalent individual social impacts per theme reasoned from the literature review (ranked by frequency). The total stated number of quotations in
this theme is given in the top row.

electricity and energy
sources and grid

8 quotations

heating and cooling
Top 55

out of 79 quotations

mobility
Top 41

out of 73 quotations

UHIE, heat, drought
Top 67

out of 105 quotations

WATER,
ŕood and rain
19 quotations

living
standard (3)

living
standard (11) autonomy (12) well-being (21) actual health (4)

social
differentiation (2) well-being (10) actual health (5) actual health (15)

property
value (2)

autonomy (1)
social
differentiation (9) living standard (5)

leisure
and recreation (8)

envtl amenty
value (2)

participation
decisionmaking (1) actual health (7)

leisure
and recreation (4)

perception
quality (7) actual quality (1)

property value (1) social quality (6) aesthetic quality (3)
actual
quality (5) actual safety (1)

autonomy (4) cultural values (3)
aesthetic
quality (5) autonomy (1)

leisure and
recreation (4) income (3) living standard (5)

econ dependency
& vulnerability (1)

perception
quality (4)

physical
infrastructure (3)

social
differentiation (10)

govt
workload
viability (1)

social
differentiation (3)

social
quality (7) housing quality (1)

income (1)
living standard (1)
local economic
disruption (1)
participation
decisionmaking (1)
well-being (1)



Chapter 6

Case study: Description and Results

This chapter őrst provides the description of the choice for urban densiőcation in Amsterdam, in Section 6.1.1,
and of the city’s CA pursuits, Section 6.1.2. Then, mirroring the previous chapter, I present the major statistics
of social impacts stated in the interviews and reasoned from the interview content. In Section 6.3.1 I do this
on the overall level of SI in this perspective. Then I break down the results to the level of the most prominent
individual social impacts in the themes in Section 6.3.2. I conclude this chapter with the presentation of the general
densiőcation perception of the interview participants in Section 6.4, and the issues that emerged at the interface of
the transitions in the context of Amsterdam, see Section 6.4.1.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

6.1. Case study description
Due to the city’s topography and history, spatial planning is elementary and part to the city’s well-being.
An early example are the wooden poles that were driven into the soil to stabilise the ground and the
polder lands surrounding the city (Nĳhuis, 2020; Ven et al., 2004). With the importance of the harbour
with access to the river Ĳ, the North Sea and the Ĳsselmeer, and the water management infrastructures of
the canals and dykes, the city is highly aware of its dependency on the environmental circumstances and
the risks resulting from climate change. As public space and means are limited, and sustainability goals
have found ways into the government agenda, the city’s policy aims at a densifying development, which
is making use of the existing housing stock within the current city boundaries (Gemeente Amsterdam,
2023k).

6.1.1. Densiőcation in Amsterdam
The choice to densify
The Amsterdam Metropolitan Region (AMR), see Figure 6.2, currently amounts to 2.5 Million inhabitants
and 30 municipalities which are working together for instance in mobility or economic development
policy (Metropoolregion Amsterdam, 2023). The metropolitan region is located in an area of 2,580.26 km2,
and has access to the North Sea, the river Ĳ and the Ĳsselmeer, an inland lake which was synthetically
created through the Dutch water management plans (Metropoolregion Amsterdam, 2023).

Figure 6.1 displays the city of Amsterdam and its location in the Netherlands. The population in
the city is growing. The current rate amounts to a growth of about 11,000 new inhabitants annually
(Gemeente Amsterdam, 2023e). In 2023, the population of the municipality of Amsterdam was 918,193,
including a share of 16.1 % minors (Gemeente Amsterdam, 2023a).

The housing stock in the city amounts to 474,735 registered addresses in 2021, which included
houseboats and caravans. The densest districts are the center and the surrounding districts. In the
complete city, about 29% residents live in their own ŕat or house, 31.4 % are rented out directly
from private owner to tenant and the remainder of 39.5 % of dwellings is rented via co-operations or
corporations (Onderzoek en Statistiek Amsterdam, 2023). In the seven years between 2015 and 2022 the
city of Amsterdam experienced a 144 % price increase of ownership housing and a 42 % rent increase
for non-social housing ŕats against a 19 % rent increase in the social housing sector. This increase
was unequally distributed across the city. The highest increases took place in the neighbourhoods
surrounding the center (Gemeente Amsterdam, 2023k).

41
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Figure 6.1: Map of the city of Amsterdam and location within the Netherlands.
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Figure 6.2: Map of the Amsterdam Metropolitan Region consisting of 30 municipalities, the two Dutch
provinces North-Holland and Flevoland and the public transport region "Vervoerregio Amsterdam"

(Metropoolregion Amsterdam, 2023).

Forecasts estimate the housing stock to grow up to almost 510,000 in 2030 and 588,500 in 2050
(Onderzoek en Statistiek Amsterdam, 2023). Already in 2016, the city council gave the order to look into
densiőcation within the city boundaries until 2025. In particular in the outer districts, densiőcation
potentials were found and identiőed to be possible either through topping-up of existing blocks,
high-rise inőlling, and the transformation of transport areas or former business areas (Ruimte en
Duurzamheid Amsterdam, 2017).

The densiőcation goals
To achieve the goal for 2050, just below 4000 housing units would need to be built annually. The city’s
coalition government has announced the goal to create 7,500 additional housing units per year, to also
account for future incoming residents. Not only the availability of housing, but also the affordability
of housing has to be provided for if the urban social fabric ought to be maintained and conŕicts and
őnancially struggling residents prevented. The aim is to provide 40 % social housing units, 20 % of
these in the free market and 40 % in the so-called "middeldure sector" to provide a larger number of
affordable housing units and shorten waiting lists (Gemeente Amsterdam, 2023k).
The municipality has to provide a variety of urban public services and functions in parallel to housing
units. Jobs, public health services, recreation and social infrastructures. In the plans of the city, this is
not only happening on the municipal level, but functions are planned for the whole metropolitan region
and also in alignment with national plans (Gemeente Amsterdam, 2023h, 2023k). These other functions
compose public services in the proximity of residents and providing citizens with distances which are at
best walkable (Gemeente Amsterdam, 2023k). The full list of land use area and the functions located on
these areas, ranging from housing to mobility, employment and necessary infrastructures is displayed
in Table 6.1.

Densiőcation strategy in review
In April and May 2024, the municipality of Amsterdam conducted public participation meetings in
various neighbourhoods of Amsterdam. In these meetings, the drafted densiőcation variants were
presented and the main values, ideas and demands of the residents in the audience requested. I was
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Table 6.1: Elements of urban densiőcation making up the understanding of densiőcation in this thesis
project. Taken from the densiőcation strategies of the municipality of Amsterdam (Gemeente

Amsterdam, 2023k).

Mixed use functions land use area

living space/housing units built environment area - buildings
amenities (e.g. supermarkets, pharmacies,
recreational areas) built environment area - infrastructure

public services (e.g. administration, healthcare)
and
institutions (e.g. daycare, education, libraries,
culture)

green space area

human transportation = "mobility" (individual
motorised = by use of electric or combustion
engine vehicles, or unmotorised
transport = cycling or walking, public transportation
services)

-

commercial transportation/transportation of goods -
occupational space/employment options -
technical infrastructures for these functions -

able to listen in and observe in one of these participatory meetings. The process was concluded in July.
At the time of writing this report, the concept of the densiőcation strategy, the "Ontwikkelstrategie
2035" was under development and to be read in November 2023. The objection phase is planned for
December 2023 and the decision in the municipal council for April 2024.

The variants discussed Table 6.2 lists the elements discerned from the four densiőcation strategies of
the municipality of Amsterdam: Nieuwe Wĳken (new neighbourhoods), Stationskwartieren en Stadslanen
(station quaters and transport lanes), Stadsdeelcentra (neighbourhood centers) and Verbetering Bestaande
Woonbuurten (existing neighbourhood development) (Gemeente Amsterdam, 2023k; van Dort et al.,
2023). The possible locations in the city are visualised in in Appendix D.2 and the descriptions from
Gemeente Amsterdam (2023k) are summarised below:

• The variant New Neighbourhoods, combines sprawl and transformation of office parks, harbour
and industrial areas. Current business might be requested to move to outskirts and be replaced
with other businesses or residential buildings to create mixed use function neighbourhoods.
Amenities that need to be accommodated are public transport, green space, shops, workshops
and schools. These services shall also improve their accessibility in surrounding neighbourhoods.
The possible locations are visualised in Figure D.1.

• In the variant Neighbourhood Centers [July 2023: Business centers and innovation and knowledge
centers], shopping centers and knowledge institutions are already present infrastructure items.
On top of this buildings, addition residential units may be constructed. While the transportation
in these locations mainly relies on walking and cycling due to short distances, it will be necessary
to increase the area of green and public space if the resident population increases. As these areas
also include innovation centers and institutions of higher education, units for students, scientists
and healthcare staff are planned. The possible locations are visualised in Figure D.3

• Station Quarters and Transport Lanes is a variant that aims at good mobility nodes to provide
accessibility, so-called hubs, where transport modes may be changed. This variant focuses on the
establishment of new neighbourhood facilities and workplaces, rather than housing construction.
The housing units that are incorporated into this area are for small household sizes. On former
city lanes, neighbourhood facilities or smaller office and business buildings will be constructed.
The transformation of streets for cars into bicycle streets is possible. In terms of energy system
infrastructure, the developed areas and surrounding neighbourhoods may be connected with
extended heating district pipelines and renewable energy systems. The possible locations are
visualised in Figure D.2.



6.1. Case study description 45

• The variant Existing Neighbourhoods involves often small-scale and diverse projects, oriented at
the existing building stock. The increase of residents makes more facilities viable to also serve
current residents. To prevent increased car traffic, investments into őne-mesh public transport and
bicycle connections are planned. These ought to also ensure upkeep of the transport infrastructures
and amenities and public services in place. As topping up of buildings is in the focus, it is aimed
at scaling up the number of housing units. The possible locations of this variant are visualised in
Figure D.4.

Table 6.2: Elements discerned from the four densiőcation strategies of the municipality of Amsterdam:
Nieuwe Wĳken (new neighbourhoods), Stationskwartieren en Stadslanen (station quaters and transport

lanes), Stadsdeelcentra (neighbourhood centers) and Verbetering Bestaande Woonbuurten (existing
neighbourhood development) (Gemeente Amsterdam, 2023k).

Nieuwe Wĳken
new
neighbourhoods

Stationskwartieren
&
Stadslanen
Station quaters
and
transport lanes

Stadsdeelcentra
neighbourhood
centers

Verbetering
Bestaande
Woonbuurten
existing
neighbourhood
development

newly declared
land

existing stations/
transport lanes

close amenities,
work, education

existing social
and physical
structures

mixed use: live,
work, amenities

strengthening
public transport
and bikes

biking, walking,
mobility reduction small scale addition

transformation
harbour area

reduction car space
and speed

bringing housing
to amenities

demolition and
reconstruction

new public
transport,
bike and mobility hubs

business space
stations

closing amenity
and public
space gaps

local business
space

new amenities and
public services

business space
transport lanes

more culture
and business local job creation

transformation
industrial area

(shared) mobility
hubs "P&R"

innovation
industry space

neighourboods
hubs, small-scale
public transport, bikes

transformation
commercial area bike lane carrier logistics hubs

combination
reconstruction

moving business
culture and
education attractive clusters topping-up

new green space
neighbourhood
services

space for more
green

added amenities,
services

-

small and roof
leisure green space

small housing
units

increase quality
for current residents

green lanes to
outskirts and
parks

- -remove barriers
connecting
neighbourhoods
heat/energy
network connection
small housing
units
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6.1.2. CA in Amsterdam
CA in the National Spatial Vision (NOVI)
In the Netherlands, the energy transition constitutes a policy goal of the National Spatial Vision (NOVI).
The NOVI highlights the use of hydrogen and green gas, the importance of charging infrastructure,
mobility, heat networks and solar PV. Moreover, the vision speciőcally not only recognises the power
of a combination of tasks, but also, the (over-)crowded urban underground environment, with a high
competition between cables, pipelines and other use and maintenance processes in the sub-surface level
(Ministerie van Binnenlandse Zaken en Koninkrĳksrelaties, 2020, pp. 82ś84). In the context of CCA, the
national spatial vision (NOVI) calls for particular attention and inclusion of infrastructure elements,
namely "[...] energy, telecommunications, IT facilities, national security, main infrastructure, water and
healthcare facilities" (Ministerie van Binnenlandse Zaken en Koninkrĳksrelaties, 2020, p. 76) in CCA.
This showcases the comprehensive recognition of built infrastructure demands in CCA, increasing the
demand for urban space.

CA in the municipal Spatial Vision of Amsterdam (OV)
In the spatial vision of Amsterdam, the Omgevingsvisie (OV), six overarching goals are included: 1)
inclusive city, 2) sustainable city, 3) vital city, 4) healthy city, 5) livable city, and 6) compact city (Gemeente
Amsterdam, 2023j). The OV was conőrmed by the city council in 2021 and is the follow-up policy
on the structural vision for Amsterdam 2040 ("Structuurvisie Amsterdam 2040) of 2011 (Gemeente
Amsterdam, 2023j). The tool of densiőcation represents the sixth of the objectives. The CA related
transitions originate from the second objective, the provision of a sustainable city. All three transitions
that are subject in this thesis project create spill-over effects to the other four objectives.

In the municipal agenda, policy goals are set for 2030, 2040 and 2050, see Figure 6.3. The city’s
sustainability agenda strives to achieve residential electricity use to at least 80 % from solar and wind,
eliminate natural gas as energy source, and reduce CO2 emissions by 55 to 60 % in comparison with
1990. This shall be made possible by a reduction of material use by 50 %, "circularity" and lead to climate
neutrality and climate adaptability. An ambitious agenda, the tools for this sustainability transition are
pursued to be the ET and CCA, next to the establishment of a circular economy and the promotion of
technology and innovation. The change processes are aiming at a broad inclusion of the city’s residents
and requesting in particular owners to participate in energy use reduction measures and the setup of
solar PV and green roofs where possible (Gemeente Amsterdam, 2023f). Monitoring these policies lies
at the heart of enforce-ability and re-adjustment of interventions. With the Amsterdam Circularity
Monitor (Gemeente Amsterdam, 2023d) and the municipal statistics service (Gemeente Amsterdam,
2023a), CA transitions may be assessed.

Figure 6.3: The pathway for Amsterdam’s sustainability goals for 2030, 2040 and 2050. Electricity
sources as much as possible from solar and wind, emission and material use reductions and, by 2050,

climate adaptability, neutrality and circularity (Gemeente Amsterdam, 2023f).

These principles also form the foundation of the city’s urban development, manifested in the city
doughnut, see Figure 6.4 (Doughnut Economics Action Lab (DEAL) et al., 2020). This agenda follows
the doughnut economics of Kate Raworth (2017), which aims at an economy staying within the safe and
just space.
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Figure 6.4: Amsterdam City Doughnut, designed by Doughnut Economics Action Lab (DEAL) et al.
(2020) and following the doughnut economics model (Raworth, 2017).

CCA
On the side of CC impacts and sources, 81 % of Amsterdam’s CO2 emissions arise from material use -
which to a major share creates emissions outside the city boundaries, up and down the supply chain.
To mitigate this, the city government mainly supports CE based policies. On the side of CCA, heat,
drought, ŕoods and ground subsidence are the extreme weather events and consequences which the
city is preparing for. The municipal agenda is highlighting the social impacts, in terms of accessibility
of health, education and other public services. To adapt to these changing conditions, the municipality
has a strong focus on the needs of vulnerable groups on the one hand and the participation of residents
with means and adaptive capacity on the other (Gemeente Amsterdam, 2023c). In housing development,
the minimum rainfall storage limit of 60 mm per hour is prescribed. This water then has to be drained
within 60 hours. For critical infrastructure, a minimum limit 90 mm per hour has to be stored. The city
recommends the implementation of nature based solutions for permeability and storage, as well as the
reduction of heat stress (Gemeente Amsterdam, 2023c).

The ET
In 2022, the share of fossil fuel sources (oil, coal and natural gas) used in the Netherlands at 56%. The
share of renewable sources of energy (hydropower, solar, wind, geothermal, bioenergy, wave, tidal
energy) at 14 %. The largest share of electricity production sources in the same year was attributed to gas
at 39%, followed by wind at 17%. In terms of energy use trends, energy intensity (the primary energy
consumption per unit of gross domestic product) and carbon intensity (the amount of CO2 emitted per
unit of energy production) have been going down steadily in the past decades (Ritchie et al., 2022).
But, to keep up with the expected rise in electricity demand due to an electriőcation and increased use
of renewable sources (minimum tripling in the case of the city of Amsterdam) new and more sources
are necessary. The municipality is planning to double electricity grid’s capacity until 2050. The works
are planned to take place from 2023 until at least 2035, with a focus on the addition of electricity stations
and transformation stations from medium to low voltage. Next to this infrastructure and connections
in the form of cables, the municipality aims at the integration of renewable energy sources and smart
electricity control systems (Gemeente Amsterdam, 2023b).
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Mobility
In the Netherlands, the share of EV (Battery Electric Vehicles, Fuel Cell Electric Vehicles, Plug-in Hybrid
Electric Vehicles) has ben steadily on the rise (Netherlands Enterprise Agency (RVO), 2023).
The city’s mobility agenda Mobiliteitsaanpak Amsterdam 2030 in 2015 encompassed the introduction of
a speed limit to 30 km/h in the center, new bike lanes as well as bike bridges connecting the center
and South of the city with the Northern development areas. Parking was to move underground as
much as possible. To improve the traffic ŕow, the public transport ought to be further promoted, and
the areas for pedestrians and cyclists upgraded. Car mobility has been in the focus to provide fast
connections between the city and the surrounding areas, with an increase in park and ride options at the
city boundaries. Another link with the AMR was aimed at by the establishment of metropolitan bike
lanes as edges between Amsterdam and the other municipalities in the AMR (Gemeente Amsterdam,
2023i; Gemeente Amsterdam - Verkeer en Openbare Ruimte, 2015). To cut down mobility emissions, the
current municipal government agreed on the establishment of emission free zones within the inner city
ring. This applies for newly registered vehicles starting in 2025. Already registered vehicles will not be
affected until 2030. For this shift, the council plans to establish charging stations, and subsidises the
vehicle exchange and dissemination campaigns (Gemeente Amsterdam, 2023c).

Green space and recreation
In terms of green space, the green vision, Groenvisie, een leefbare stad voor mens en dier 2020-2050 presents
the city’s aims of the availability of green areas: Within 10 minutes walking, city residents should
be able to reach a oark, within 15 minutes cycling, larger nature areas. Access to formerly restricted
areas such as school gardens should be opened up as much as possible and built structures as much
as possible be replaced by nature based solutions. For instance concrete and asphalt by permeable
and green structures. The replacement of grey structures and increase of green structures through
residents is subsidised by the municipality. Additionally, the creation of fully new green space in the
form of food forest, city parks and a city forest is envisioned until 2050 (Gemeente Amsterdam, 2023g).
The current coalition agreement emphasised the impact of street trees, green roofs, facades and the
actual biodiversity value of green area designs ((PvdA) Moorman et al., 2022). In its 2021 sports and
recreational agenda, the municipality looked at the locations where residents do sports. About half of
sportive activities are conducted within the residential neighbourhood and about 15 % within the city
district of living (Gemeente Amsterdam, 2021). This emphasises the need for the municipal agenda to
include individual activity and sports areas into the densiőcation planning of neighbourhoods.

Electricity grid, heating and cooling
Insulation of the existing housing stock, high standard construction of new buildings, the promotion
of higher building standards in development projects are part of the energy use reduction agenda of
Amsterdam. Next to this use phase transition, the energy sources are in focus of the municipal ET.
The The district heating network agenda is under revision until 2024. Other energy sources, such
as heat pumps, aqua-thermal energy for heating and wind and solar for electricity production form
the municipal portfolio. Hydrogen technologies are particularly aimed at for industrial uses. These
transitions are often in the focus of public-private knowledge exchange in cooperation with owner
associations and housing corporations (Gemeente Amsterdam, 2023c)
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6.2. SI statistics in interview data set
Table 6.3 shows the number of quotations explicitly mentioned (stated) or implicitly reasoned (reasoned)
as social impacts between densiőcation and the ET and CCA. The table includes őrst and second order
impacts generated through these change processes. The largest number of social impacts was stated
and reasoned for livability (66), followed by health (56) and economic relations impacts (42). The
interviewees spoke about impacts concerning the community (30) and institutional relations about half
as much. Gender impacts (2) and cultural impacts (2) were almost not represented in the interviews.
The interview participants elaborated on the social impacts arising from interdependencies between
the ET and densiőcation (109) about twice as often as on impacts interpreted as arising from CCA and
densiőcation (63).

Table 6.3: Overview of number of quotations in the interviews of stated and reasoned social impacts.

Code Occurrence
in labelled
quotations

stated reasoned TOTAL

SI absolute
share of stated

(%)
absolute

share of reasoned
(%)

absolute
share of total

(%)

Livability 98 31 29 18.24 127 27
Economic relations 69 22 26 16 95 20
Health 59 19 43 27 102 21
Community 45 14 34 21 79 17
Institutional 31 10 20 13 51 11
Culture 8 3 3 2 11 2
Gender 6 2 4 3 10 2
TOTAL 316 - 159 - 475 -

6.3. Results in interdependency themes
In this section I set the SI and social impacts perceived by the interviewees into the context of the őve
interdependency themes. In Section 6.3.1 I do this on the level of the SIs. In Section 6.3.2 I will zoom
into the individual social impact level for extracted examples at the hand of quotes from the interviews.

6.3.1. Results on SI level
The statistics are distinguished for SI stated in the interviews and SI reasoned from the interviewees’
statements. Table 6.4 shows the absolute number and share of stated impacts. Table 6.5 displays the
impacts that I reasoned from the the interviews.
For a graphical display, refer to Figure 6.5 for the stated social impacts in the themes and Figure 6.6 for the
social impacts I reasoned from perceptions of the interviewees. These are presented in absolute numbers.

In the theme of the UHIE, heat and drought, almost half of the impacts the interviewees stated
were in relation to the SI health. More than a third connected to livability impacts. None of the
interviewees stated social impacts in this theme in the categories of community, culture, gender or
institutional impacts.
In the impacts that I reasoned, in the theme of the UHIE, community impacts joined livability impacts as
the most prevalent additional impacts with each a third of quotations. But also in the reasoned impacts,
the SIs culture, gender and institutional impacts were absent from the data.
I identiőed community impacts in őve instances in this theme due to my reasoning. Culture, gender
and institutional SI impacts remained absent from the data in this theme. In the WATER theme,
the participants stated prevalent impacts for livability and economic relations, 37.04 % and 33.33 %
respectively. Also impacts in the health Si were frequent, while only one participant explicitly referred
to an institutional impact in this theme.
The interdependency with the largest amount of stated impacts, mobility, the most frequent SI remained
livability and health, followed by economic relations.
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Figure 6.5: Main SI per theme stated in the interviews. Absolute Values.

Figure 6.6: Main SI per theme reasoned from the interviews. Absolute Values.
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In the mobility theme, more than a őfth of reasoned impacts I identiőed in the themes of community
and institutional (3 quotations respectively). Nonetheless, the most prevalent SI in terms of social
impacts implicitly perceived by the interviewees was health.
Looking at heating and cooling, as well as electricity and energy sources and grid, the interviewees
stated a wider range of impacts than in the other themes. In the former, community and institutional
impacts joined the prevalent impacts. In the latter theme institutional impacts and community and
cultural impacts were stated. Neither in the heating and cooling interdependency, nor in the electricity
and energy sources and grid theme culture or gender impacts were reasoned from the interviewee’s
perceptions.
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Table 6.4: Overview of the absolute number and share of SI stated in the interviews arising from one of the őve themes of interdependencies between
densiőcation and CA: 1) UHIE, heat drought, 2) Water, ŕoods and rainfall, 3) Mobility, 4) Heating and cooling, and 5) Electricity and energy sources and grid.

STATED
INTV

electricity and energy
sources and grid

heating and cooling mobility
UHIE, heat,

drought
WATER,

ŕood and rain

SI absolute share absolute share absolute share absolute share absolute share

Community 2 7,69% 5 16,67% 4 6,78% 0 0,00% 1 3,70%
Culture 1 3,85% 0 0,00% 1 1,69% 0 0,00% 0 0,00%
Economic
relations

4 15,38% 6 20,00% 11 18,64% 3 14,29% 9 33,33%

Gender 0 0,00% 0 0,00% 2 3,39% 0 0,00% 0 0,00%
Health 8 30,77% 6 20,00% 17 28,81% 10 47,62% 6 22,22%
Institutional 6 23,08% 4 13,33% 5 8,47% 0 0,00% 1 3,70%
Livability 5 19,23% 9 30,00% 19 32,20% 8 38,10% 10 37,04%
TOTAL 26 100,00% 30 100,00% 59 100,00% 21 100,00% 27 100,00%

Table 6.5: Overview of the absolute number and share of SI reasoned from the interviews arising from one of the őve themes of interdependencies between
densiőcation and CA: 1) UHIE, heat drought, 2) Water, ŕoods and rainfall, 3) Mobility, 4) Heating and cooling, and 5) Electricity and energy sources and grid.

REASONED
INTVERVIES

electricity and energy
sources and grid

heating and cooling mobility
UHIE, heat,

drought
WATER,

ŕood and rain

SI absolute share absolute share absolute share absolute share absolute share

Community 3 16,67% 2 16,67% 3 21,43% 5 33,33% 4 36,36%
Culture 0 0,00% 0 0,00% 0 0,00% 0 0,00% 0 0,00%
Economic
relations

3 16,67% 2 16,67% 0 0,00% 2 13,33% 2 18,18%

Gender 0 0,00% 0 0,00% 0 0,00% 0 0,00% 0 0,00%
Health 4 22,22% 3 25,00% 6 42,86% 3 20,00% 2 18,18%
Institutional 2 11,11% 2 16,67% 3 21,43% 0 0,00% 0 0,00%
Livability 6 33,33% 3 25,00% 2 14,29% 5 33,33% 3 27,27%
TOTAL 18 100 12 100 14 100 15 100 11 100
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6.3.2. Results on the individual social impact level
On the level of individual social impacts, Table 6.6 shows the most frequently identiőed stated individual
social impacts perceived by the interviewees in connection to the őve themes. In the top row I give the
number of quotations per theme. In the case of more than 30 quotations in the respective theme, only
the most frequently mentioned are included. Table 6.7 provides the main impacts additionally identiőed
via reasoning in the interviews. The number of instances the social impact was labelled is given in "(...)".

Exemplary, the most frequently stated impact in the interviews in the themes was the access to
public services followed by autonomy impacts, both in the mobility theme. This theme included
the majority of stated impacts. Apart from heating and cooling, actual health was represented in
the most prevalent individual social impacts of each theme. This lasts for well-being except in
the electricity and energy sources and grid theme. The interviewees referred to participation in
decision-making particularly in the heating and cooling and electricity and energy sources and grid
interdependencies. The interviewees frequently stated impacts in relation to the perception or experience
of social inequalities, such as formation of interest groups due to feelings about interventions in
the electricity and energy sources and grid theme, government workload and viability in the mo-
bility theme, annoyance, dissatisfaction and outrage, in the UHIE and social quality and differentiation.

Again, the variety of impacts in the most prevalent impacts per theme was larger in the impacts
that I drew from reasoning also in the case for the interviews. Housing quality, autonomy, notions
about impact equity and fairness and social differentiation counted to the impacts prevalent in this
observation.
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Table 6.6: Prevalent individual social impacts per theme stated in the interviews (ranked by frequency). The total stated number of quotations in this theme
is given in the top row.

electricity and energy
sources and grid

Top 22
out of 34 quotations

heating and cooling
Top 27

out of 43 quotations

mobility
Top 44

out of 81 quotations

UHIE, heat, drought
27 quotations

WATER,
ŕood and rain

Top 22
out of 32 quotations

participation
decisionmaking (5) housing quality (6)

access
public services (9) actual health (6) actual health (4)

actual health (4)
social
differentiation (5) autonomy (8) well-being (6) income (3)

feelings interest
groups (3)

living
standard (4) actual health (6)

leisure
& recreation (3)

leisure
& recreation (3)

econ dependency
& vulnerability (2)

participation
decisionmaking (4)

physical
infrastructure (5) actual quality (2) living standard (3)

living standard (2)
physical
infrastructure (4) actual quality (4)

physical
infrastructure (2) well being (3)

physical infra (2) well-being (4)
govt
workload/viability (4)

access
public services (1)

physical
infrastructure (2)

routine disruption (2) social quality (4)
annoyance,
dissatisfaction,
outrage (1)

property value (2)

social
differentiation (2) well-being (4)

econ dependency
& vulnerability (1) actual safety (2)

envtl amenty
value (1)
housing quality (1)
income (1)
routine disruption (1)
social quality (1)
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Table 6.7: Prevalent individual social impacts per theme reasoned from the interviews (ranked by frequency). The total stated number of quotations in this
theme is given in the top row.

electricity and energy
sources and grid

22 quotations

heating and cooling
15 quotations

mobility
17 quotations

UHIE, heat, drought
21 quotations

WATER,
ŕood and rain
14 quotations

housing quality (4) housing quality (3) autonomy (4)
social
differentiation (5)

social
differentiation (4)

autonomy (2) autonomy (2)
impact equity &
fairness notions (3) living standard (2) actual health (1)

impact equity &
fairness notions (2)

impact equity &
fairness notions (2) actual health (2)

access public
services (1) actual quality (1)

income (2)
social
differentiation (2)

social
differentiation (2) actual health (1) actual safety (1)

social
differentiation (2) actual quality (1) actual quality (1) actual quality (1)

annoyance
dissatisfaction
outrage (1)

actual quality (1)
housing
availability (1)

annoyance
dissatisfaction
outrage (1)

actual safety (1) housing quality (1)

actual safety (1) income (1)
physical
infrastructure (1)

annoyance,
dissatisfaction,
outrage (1)

living standard (1)

housing
availability (1) living standard (1)

social network
disruption (1) autonomy (1) property value (1)

living standard (1)
physical
infrastructure (1)

social tension
violence (1)

envtl
amenty value (1) social quality (1)

physical
infrastructure (1) well-being (1) well-being (1) housing quality (1)

social tension
violence (1)

routine disruption (1) property value (1) well-being (1)
social network
disruption (1) social quality (1)

social tension
violence (1)

social tension
violence(1)

stigmatisation (1) well-being (1)
well being (1)
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6.4. General perception of densiőcation in times of CA
Densiőcation attractions
The interview participants identiőed densiőcation developments often as opportunities to also implement
other transitions in the built environment. As G stated, "It’s always easier if you make something new,
because you start with a clean sheet so you can take all the measures you want. [Densiőcation] gives
opportunities for climate adaptation. It is really difficult [to establish transformations in the fabric of] the
existing city. [...] Especially if you build a new building, you can make it more climate adaptive" C.4.4.
K and D had a similar reasoning. K mentions that the inclusion of nature-based solutions would be
the "ideal situation", while D referred to the opportunity to include "small gardens in front of people’s
doors. You can talk about greening roads [...], walls, small patches" C.4.1. Also participant I sees the
densiőcation developments as an opportunity for CCM, as an approach to "becoming more resilient to
CC on a micro level", which was in the case of heat adaptation one of the factors now incorporated into
the densiőcation plans (C.4.6, 24). To accommodate heat mitigation into urban planning was described
as a relatively new policy, which until recently had not been prominent on the national agenda (C.4.6,
ID 25).
In their statement, K adds that the inclusion of CCA measures "not only has a positive impact for the
people that live in this speciőc area, but also for people who live in the surroundings" C.4.8. Lastly, H
also stated the feedback impact that increased CCA may lead to: "If you improve CCA it will attract
people. So you automatically will have [population] densiőcation happening in the city concerned"
C.4.5.

Government viability
The participants emphasised that municipal action required a threshold number of residents to be viable.
Interview participants J, E and H raised the fact that through densiőcation, the transport system’s
economic and spatial viability may be increased (C.4.2, ID 6). H related this to the increased population
count in particular whereas participant E emphasised that proximity in the dense environment may
shorten the distances in contrast to least dense areas, where cars may be the mobility mode of choice if
possible. Participant J draws the link also to other public services next to transport, such as a community
center, and the social domain in general: "Low density means less people [which would be less] people
that make a [public transport] stop or a community center or something like this viable. [...] People
make them [the services of the social domain] viable" (C.4.7, ID 3).

6.4.1. Emerging interface issues for this case
In the conversations with the interviewees, I could discern that four issues recurred when the participants
spoke about their perception of social impacts at the interface of the two CA transitions and densiőcation
in Amsterdam: the competition for physical space in the built environment, property ownership, human
behaviour (of residents), and socio-demographic urban inequality, Figure 6.7.

Figure 6.7: In the interviews, four recurring issues were mentioned at the interface of CCA, the ET and
densiőcation: the competition for physical space in the built environment, property ownership, human

behaviour (of residents), and socio-demographic urban inequality.
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Space competition
The competition for space for the functions in the urban space was mentioned frequently (24 quotations)
by the respondents. The statement of participant D is examplary for this conŕict:

"That’s of course a big question of densiőcation in general: It gets more and more difficult to őt everything in.
Including trees and underground things...everything actually."

(C.4.1, ID 8)

Participant J identiőes a strong demand of space in the provision of sport and park areas, which
"don’t cost a lot of money, to make, but they cost land. And the land could be used for something else.
So that’s the competition between a few hundred houses and a soccer őeld" (C.4.7, ID 26). Following this
notion but adding the maintenance costs of green space, respondent F raises the nature of densiőcation
as a mitigation tool, that worked if the created levels in the urban space are seen as areas where
vegetation can be placed (C.4.3, ID 21).
As space is necessary for housing and green, which leads to a conŕict in space, K summarises this as a
question of planning for whom and how: "But for example it’s not the only question to őgure out how
to distribute space but also how do we want to live in a densiőed city? We don’t need to look only at
the form, but also at the content of what, what are we doing for whom and how?" (C.4.8, ID 1). For
instance, the respondent named the example of nature-inclusive architecture: "not everyone is a friend
of nature-inclusive architecture. [...] For example, you have bats in , your facades or birds which make
noises. They have positive impacts, eating all the mosquitoes for examples. [...] but you have to be aware
that the birds also live in your house and you have to accept that" (C.4.8, ID 13). The respondent also
highlights the ecosystem impacts of nature-based solutions and potential downsides: " overall I think
[nature-inclusive architecture] has a big effect on what we don’t really see, but what we nevertheless feel.
Because if the biodiversity is healthy in a system, then also the green areas are healthy" (C.4.8, ID 13).
Green areas as a tool to prevent UHIE and to accommodate water surpluses require space. The
respondent criticised the fact that including green space into the urban fabric faces the difficulty that
the social impact of green space, such as the impacts for well-being of inhabitants in daily life, are not
monetised (C.4.8, ID 7, ID 18):

We densify the city and at the same time, simultaneously, we need more space for natural solutions to take a look at
all the heat stress drought, water surplus. And Space in the city is so costly and also so proőtable. Whether you

decide to create a park or a green area or a building that is, but it also has great impact on the well-being of
inhabitants. Which is not monetised."

(C.4.8, ID 18)

Ownership
"[I]s that for the lucky few or how are we making sure that the people in the social housing that have less to say

about their own houses because the corporations are building them... How are we doing that? How are we making
sure that they’re part of the process and also have an incentive to participate or feel part of ownership."

(C.4.7, ID 21).

Ownership considerations drive densiőcation development tenders, the installation of renewable
energy sources in VVEs or inability to do so by tenants. About 50 % of the public space is owned by
the municipality - the remainder by other actors, such as private investors, developers or present or
future house owners. The distribution of preventative roles is necessary in the wake of the challenges of
CCA investment and limited governmental capacity (C.4.4, ID 15). This multi-actor CA capacity was
added by respondent I. At the example of solar energy they depicted that the outcome of CA depended
on the standard of living and wealth of the owners and their ability to make investments (C.4.6, ID 4).
For participant K, CA measures such as greening and maintenance of green space also should be the
responsibility of developers. Ownership is here one of the critical factors next to space and monetary
costs. For parallel CCA and densiőcation, the enforce-ability of interventions on developer plots lies not
in the hands of the municipality and is complicated even more so where plots are sold to third parties
(C.4.8, ID 21). The ownership circumstances in the urban built environment require adjusted processes.
Where a building is owned by a VVE, the participant’s work included training for the VVE to facilitate
decision-making processes on the ET (C.4.6, ID 8). The exclusion from participation in decision-making
was stressed as an issue. The ownership of energy production communities may lead to a feeling of
participation in the energy transition and increase community cohesion. But, the inclusion of residents
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in social housing and low.income owners may lack behind (C.4.7, ID 21). This could propagate feelings
of exclusion in society and from CA. The impact that densiőcation can have for a positive outcome of
CA may be determined also by the setup of housing or mobility modes. Next to the materials used, the
resource use depends on the deőnition of private housing unit sizes and public space, the incorporation
of shared or privately used space. The mode of mobility also highly impacts the use of public space. In
connection to the ET and mobility transition, densiőcation could thereby be a tool to facilitate shared
and high accessibility mobility modes and amenities (C.4.8, ID 15, 26; C.4.2, ID 12). Finally, as presented
in Section 7.3.2, the consequences of CC and CA might affect property values - and, in this way indirectly
imply advantages and disadvantages of ownership.

Human behaviour
How do densiőcation and CA interact with human behaviour? The interviewees stated the importance
of human behaviour in seven instances. Participant G speaks of densiőcation as an enabler of the ET, in
the form of shared mobility concepts. Additionally, they identify densiőcation with an opportunity
to reduce the use of resources by multi-functionality, smaller housing unit sizes, the incorporation
of secondhand stations. But, this the respondent states will depend on the package of measures as
much as on human consumption behaviour (C.4.4, ID 23). Participant I shows a similar perception
of the circularity potential of densiőcation. As the population increase through densiőcation will
also increase material ŕows, material use reduction and recycling could be promoted in the housing
construction. But, a crucial factor is the human behaviour, which at the moment of the interview, they
identiőed as a consumerist society (C.4.6, ID 26). Finally, respondent D stresses the non-linearity of a
correlation between densiőcation and a circular economy: "The most obvious result is in mobility, of
course. Walking is more circular and leads to more health. That’s quite obvious. [...] Densiőed areas
contain smaller houses on average than suburban areas. So the use of material per person will reduce, it
will be more circular as well. [...] [I]f you share cars or laundry machines, that also saves energy and
resources. [But] [...]it is not about labels [such as low energy consumption of buildings], it is about
absolute consumption" (C.4.1, ID 18). While an example of the increased resource use in urbanised,
highly populated areas in absolute numbers, this understanding also highlights the necessity of human
behaviour changes and adaptation in CA despite alleviating effects of densiőcation. As mentioned
above, the ET and densiőcation have implications for human behaviour on the basis of daily routines.
The use of electric devices might have to be aligned with electricity generation and grid capacities. As
energy prices rise and housing qualities differ, K also adds that societal inequality also exists in the
consumption and production of energy, affecting mental and physical health (C.4.8, ID 6). Thereby,
densiőcation in relation to the improvement of the building energy performance might be a tool to
alleviate more equality in human behaviour. Lastly, D connected the shifting mobility patterns in the
densiőed areas and the spill-over effects into surrounding areas and concluded a slow spread of the
aimed for more sustainable mobility behaviours of walking, cycling and public transportation use based
on proximity to the adjacent areas (C.4.1, ID 13). Thereby, densiőcation in one area might also be
a tool to decrease social differentiation in surrounding areas as for the accessibility, availability and
affordability of these mobility patterns.

Urban inequality
Urban inequality was approached from several sides in the interviews. The understanding as such
was based on the social impact understanding and intersectionality as presented in Chapter 3. Urban
inequalities were reŕected in perceptions of distrust in governmental institutions due to experiences and
notions of difficulties discrimination and stigmatisation by socio-economic and demographic groups.
The example of low-income households was given. These were pressured by daily requirements and
impossibilities of investments. In relation to CCA or the ET, even where inaction might lead to even
higher costs, the locked-in social situation may be hindering CA (C.4.6, ID 22). Gentriőcation due to
densiőcation and CA transitions in the built environment were another social impact feared by several of
the interviewees. They urged for caution if the developments had a negative outcome, if accompanying
policies and tools cannot prevent a stratiőcation and separation of socio-economic and demographic
groups in short or long-term observations (e.g. in connection to housing: C.4.7, ID; in connection to
mobility C.4.1, ID 12, in connection to employment options: C.4.7, ID 17; C.4.2, ID 15). The urban
inequality founded on the city’s development and topography recurred in the observation of ŕood risk
and vulnerable populations (see Section 7.3.2). Inequality in the participation in decision-making was
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another recurring facet. Participation or exclusion from energy communities, VVEs, smart or low-cost
energy systems or participation in the planning of the densiőcation elements (C.4.7, ID 14) were areas
named by the interviewees.

6.4.2. Knowledge silos/gaps in policymaking stated by participants
In this section, I present the potential for accompanying policies or tools, areas of knowledge silos and
future research hints that the participants stated. These prevent insights into the context of the case and
potential implications for future policies and research.

Planning department silos
The interdependency of the CA transitions and densiőcation is not on the agenda for every department.
Whereas the CCA coordinator G had not yet looked at the relationship between densiőcation and CCA,
they assumed that colleagues from the spatial planning and sustainability department had done so
(follow-up communication on C.4.4, ID 7). To communicate the information presently available in the
departments of the municipality within and to external actors stated necessary to take the best measures
possible (C.4.4, ID 15). Participant J pointed out that the spatial development department in charge
of housing and the department in charge of planning physical space for the social domain are not the
same. A consequence is that the social domain needs to be incorporated into budgeting and planning
separately from housing (C.4.7, ID 1). J elaborates on the inclusion of amenities in the development.
They state that only certain amenities are included in the "Referentienorm". Services and functions that
are not listed in this policy, may fall through the net as the department is not particularly responsible for
their inclusion (C.4.7, ID 2). As other departments are responsible for the planning and incorporation of
these excluded services, this issue is one of the knowledge silos in policymaking practice.

Emerging tasks and skills in policymaking
K and F reŕected on the recently emerged subject of the underground space effects of spatial development
and densiőcation. As the impacts on the soil through, for instance, the addition of sand during
construction changes the composition of the substrate, the impacts on the ecosystem and CCA are yet
to be explored and acknowledged (C.4.8, ID 11; follow-up on C.4.3). But, K also emphasises that the
spatial planning departments are working on the improvement of their skills to make more and better
public space, to accommodate spatial restrictions of parallel functions (C.4.8, ID 22).

Staff diversity in policymaking
Additionally, the non-representative perception of an increased female share in nature-inclusive
architecture for an ampliőed inclusion of nature-based solutions for CCA in densiőcation was mentioned
by the participant (C.4.8, ID 24). Participant H expressed the notion that the planning and policymaking
practice body is not yet as diverse as they experienced scholarship and education to be. They stressed
that "where you are coming from will aslo impact the subjects that you want to work in, that you
are interested in. [...] For sure, you are more interested in the social relevance when you have your
own personal experience and something to say about it now" (C.4.5, ID 4). Moreover, participant F
emphasises that residents and the public should be included as much as possible into planning to also
acquire experiential knowledge of residents and to make the decision-making process as transparent as
possible (C.4.3, ID 7).

6.4.3. Accompanying policies and tools suggested by participants
Amenities, employment options and mobility
Participant J raised the evident connection that to establish proximity and walkability in the densiőed
city, the amenities and public transportation services have to be in place (C.4.7, ID 27). To prevent the
disruption of social infrastructures if residents have to move due to densiőcation developments, the
respondent voices the concern that the solution to this gentriőcation phenomenon has not been found
yet. The current accompanying policy is to "provide affordable places and stores and community centers
that keep the social infrastructure intact" (C.4.7, ID 5).
To improve the inclusion of a variety of occupational opportunities into the densiőcation design to
prevent social differentiation was mentioned by several interviewees. As there is competition amongst
municipalities for social welfare employees in dense areas, E gives the example of free parking permits
handed out to teachers. Another policy measure it to allow social welfare employees a őrst right to
apply for lower-rent housing units (C.4.2, ID 14 to ID 17).
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Rents
For residents that lived in social housing, in particular housing with lower energy performance levels,
the right of return policy can be applied. The former residents may get the guarantee that they can
return to the same neighbourhood. However, the rent price will not be the same. Therefore the housing
quality and standard of living may increase, but the rent as well (C.4.7, ID 6).

Spillover in planning
To broaden the beneőts created through densiőcation and to buffer the adverse impacts for adjacent
neighbourhoods, J suggest the inclusion of these into the budgeting process. Another option is to
include facilities and social services in the densifying areas that might attract and have the necessary
capacity to support residents from surrounding neighbourhoods (C.4.7, ID 8).

Circularity of construction materials
Participant K expresses the need to look at existing building materials in place and to create adaptable
designs to prevent energy performance issues and high prices for residents in the coming years. In the
consideration of not only CCA and the ET relationship with densiőcation, but also the accommodation
of higher circularity in resource use as CA, K ponders on the options to include policies on construction
material re-use, or locally sourced bio-based insulation material. At the hand of these examples, the
respondent urges for the adaptation of policies to the materials and build environment in place instead
of vice versa (C.4.8, ID 17, ID 28). Additionally, F raises the enabler function that material passports can
have for a more circular resource use in the densiőcation process (C.4.3, ID 19).

Indices and mapping
The measurement of beneőts of green spaces for residents has been criticised by J in the same way as by
participant K. They expressed the lack of an index to measure social beneőts just as monetised/ őnancially
measurable housing unit measurements (C.4.7, ID 24; C.4.8, ID 18). Likewise to the measurement
of impacts, respondent H raises the advantages that emerging communication technology such as
neighbourhood applications or maps may bring. These could be used also to provide data to research
(C.4.5, ID 13).

External actors and communication
Finally, participant F expresses the overarching feature of cities as an aggregate of a multitude of actors.
For this reason, the municipality is not the only player. The aversion of adverse social impacts in CA
and densiőcation developments is not for certain something that the municipality can prevent (C.4.3, ID
16). As F mentioned the variety of actors in terms of the policy- and agenda setting inŕuence potential,
G stresses the importance to communicate the climate risks within municipal departments and towards
the public. As the municipality alone will not be able to provide preventive or adaptive measures to
everyone, it will be indispensable that private owners of land and housing take steps (C.4.4, ID 15).



Chapter 7

Divergence and Overlap of the
Perspectives

In this chapter I will take a comparative look at the results of the two main methods. In Section 7.1 I will do this on
the level of SI in the data sets, in Section 7.2 for the themes on the same level. How individual social impacts
manifest in the interdependency themes I illustrate at the hand of selected individual social impacts and quotation
examples from the two perspectives in Section 7.3. The full exemplary quotations for the themes UHIE to heating
and cooling are included in Appendix E. I close this chapter with an overview of contextual factors in Section 7.3.6.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

7.1. Overall SI frequencies in both perspectives
Looking at both method strains, the stated SI occur in almost the same order, with the exception of
health being more commonly named than economic relations in literature than in the interviews and
vice versa, see Figure 7.1. In this regard, the interview participants also differ from the őndings of the
knowledge base even when they are reduced to the expectations. Also by means of the reduction of
the SI stated in literature to the case study regions, health impacts would be the second most stated
impacts. In the remainder of the ranking however both strains overlap: I identiőed livability impacts
with strong prevalence of at least 31 % or more. Community impacts ranged between 11 % to 14 % of the
stated impacts. Institutional impacts ranged between 7 % to 10 % of the identiőed impacts while they
were more frequently mentioned by the interviewees than in literature. The same stronger attention
was given to community impacts. Culture and gender impacts never made up more than 3 % of the
identiőed impacts.
Comparing the stated impacts with the impacts that I additionally reasoned as implicitly embedded in
the collected data, social trade-offs become apparent: I could derive impacts on health as the prevalent
impacts, instead of livability impacts, see Figure 7.2. This was true for both data sets, even though to
a larger extend in the case of the interviews. This shows that there are trade-offs for health due to
densiőcation in times of climate action which are not directly addressed, but which can be discerned
from current research as well as the perceptions of policymakers.
Moreover, I could őlter 20 % of community impacts through reasoning in the literature review data to
almost half of this, 11 %, of community impacts stated. Also within the data collected from interviews,
the implicit mentioning of community impacts amounted to 21 & in contrast to the explicitly stated 14
%. Institutional impacts I observed as implicitly embedded at a share more than twice as large in the
perceptions of the interviewees. Considering their professional and experiential background as urban
planners in a public, municipal institution, it is not surprising that the participants refer to institutional
impacts implicitly. In the literature review data, I did not reason implicit institutional impacts more
often than they were stated.
The observation of cultural impacts seemed to be almost insigniőcant looking at the absolute values. In
particular in regard to the statements made in the interviews, the participants themselves stated cultural
impacts at a higher frequency than which I could reason in addition to their comments. This may be
due to my limited conceptualisation of culture relations impacts in the urban sphere in Chapter 3.
In the case of gender relations impacts, I reasoned them at a higher share than at which they were stated
in both data sets. This shows that looking at the existing data from a new angle might shed stronger

61



7.1. Overall SI frequencies in both perspectives 62

light on gender focused social trade-offs of densiőcation, CCA and the ET.

Figure 7.1: The őnal distribution of identiőed explicitly stated social impacts per SI and data set: the
overall literature review, n = 91, the literature review reduced to the "AMS-region", n = 45, and the

interviews with the urban policymakers in Amsterdam, n = 9. The values are the share in % of the SI
out of all seven SI per data set. 100 % = impacts labelled in all seven SI per data set.

Figure 7.2: The őnal distribution of identiőed implicit and reasoned social impacts per SI and data set:
the overall literature review, n = 91, the literature review reduced to the "AMS-region", n = 45, and the
interviews with the urban policymakers in Amsterdam, n = 9. The values are the share in % of the SI

out of all seven SI per data set. 100 % = impacts labelled in all seven SI per data set.
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7.2. SI in the interdependency themes in both perspectives
In the literature review, the most prevalent theme connected to SI was UHIE, heat and drought, whether
the impacts were stated or reasoned. Looking at the number of search results, this is exceptional, as the
number of papers connected to CCA and the ET were relatively equal. In the interviews, the prevalent
themes were ET themes, with mobility making up for the most of stated impacts. This may give an
indication of the CA and densiőcation perception of the interview participants as well as the policy
focus on these themes in Amsterdam.
Amongst the impacts that I reasoned from the statements of the participants, this imbalance was less
compelling. However, factors reasoned in regard to electricity and energy sources and grid were still
the strongest.
Gender impacts were only stated by the interview participants in relation to mobility and no implicit
impacts on gender relations were given. In the literature, no gender impacts were stated in connection
to any of the őve selected themes. The gender impacts discerned from the literature were mention in
reference to spheres outside these őve themes. In two instances I however reasoned gender impacts as
implicit in the themes of heating and cooling and mobility.
Furthermore, I reasoned cultural impacts three times in contrast to one times they were stated in the
mobility theme. In the interviews, culture impacts were mentioned in two instances. I did not reason
any additional impacts for this SI in the themes, this overlaps with the overall low number of cultural
impacts.

Between the stated SI counts in the global and the literature review data set reduced to the AMS-region
health, livability and economic relations were the highest ranking SI in the impacts stated in connection
to all themes. In the SI that I reasoned, this changed in particular in the mobility interdependency. Here,
I added a strong reasoning of community impacts in the global literature set, which was not prevalent
in the AMS-region. While livability impacts were also high ranking in the interviews, the stated impacts
focused less on economic relations. In the observation of reasoned impacts I could depict a divergence
in particular for the mobility and energy sources and grid themes where the institutional SI was the
second most prevalent after the health SI.

7.3. Zooming into the interdependency themes - individual social
impacts and illustrating examples

In this section I will compare the two perspective’s view of social impacts in the interdependency
themes. Each section start with a general overview of the prevalent stated and reasoned SI and then
summarises the main points of the theme and the most prevalent individual social impacts. Then, I
provide representative examples from the two data sets for each theme. The remaining examples can be
consulted in Appendix E.

7.3.1. UHIE, heat, drought
Overview
The strong SIs livability and health are reŕected in the overlapping most prevalent particular social
impacts, see Figure 7.3. This also does not change in the reduction to the AMS-region in literature and
holds for the reasoned impacts, Figure 7.4. However, in my reasoning from the interview perceptions,
impacts in the community SI were frequent.
Actual health and well-being as well as actual quality of housing, the adequacy of the physical in-
frastructure and leisure and recreation impacts are prevalent. In addition, impacts on the value of
environmental amenities and social quality appear. Figure 7.5 shows the theme factors discerned from
the analysis of the two perspectives.
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Figure 7.3: Distribution of SI % per each of the three data sets labelled as stated in the theme of the
UHIE, heat and drought.

Figure 7.4: Distribution of SI % per each of the three data sets labelled as additionally reasoned in the
theme of the UHIE, heat and drought.

Moreover, both literature and the interviews asked with relation to green space: Who has access,
who owns an who can use this space? This relates to the effect that the change of urban form had on
the thermal comfort of the users of urban space: residents, or other individuals using the public space.
Both perspectives identify the need for cooling, for cool leisure areas. The inclusion of green space was
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opted for by literature and interviews, to prevent a diminishing effect of the value of environmental
amenities and increase the adequacy of the physical infrastructure for physical and mental health of
individuals using urban space.
In the social impacts that I could reason from the data, one additional aspect became apparent making
use of the reviewed literature in Chapters 3 and 5: The potential impact of the physical change in the
UHIE interdependence on social differentiation. This means, scholars’ and planners’ might implicitly
perceive the potential of densiőcation in times of climate action much stronger than explicitly stated.

Figure 7.5: Prevalent individual social impacts and contextual factors discerned from the two
perspectives in the UHIE theme.

UHIE, heat and drought examples
In the theme, the perspectives referred to three groups of social impacts most prevalent, 1) Well-being
and actual health, 2) Physical infrastructure and environmental amenity value (particularly in
literature) and 3) Leisure and recreation (particularly in the interviews). For the full text version of
these examples consider Appendix E.1. Examples from literature are given in turquoise, quotations or
paraphrased sections of the interviews in yellow.

Well-being and actual health impacts
Gadish et al. (2023, p.12) found that increased building heights that deepen street canyons might lower
the UHIE through the shading that is provided. In their study this effect was shown despite the parallel
consequences of smaller wind speeds and increased mid-day air temperature. This affect they connect
in particular to the sensation of heat stress by pedestrians.
Additionally, Erlwein and Pauleit (2021) elaborate, that an open building arrangement, enabling air
ŕows into the built-up block is more effective, than increasing open sky views. In combination with
additional shading by increased building heights, this can lower short-wave radiation and improve the
residents’ thermal comfort.
In the interviews, the complexity of alterations that densiőcation infers on air corridors, ventilation and
the resulting thermal quality was for instance discussed by respondent G. Referring to Buikslotersham,
a Northern Amsterdam neighbourhood which has been under development from a former harbour
and industrial area to an area with a majority of residential use, G states the diverging impact of air
corridors, which may be due to building orientation. In hot weather, residents might experience this as
refreshing, in cold or windy conditions, residential comfort may be diminished (C.4.4, ID 11).
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Physical infrastructure and environmental amenity value impacts
Physical infrastructures often related to green space, its environmental value for actual health and
well-being as indirect impacts.
For instance, due to their provision of shading and transpiring cooling, Segura et al. (2022) term street
trees as "an important driver of street micro-climate [... and providing] key mechanisms for improving
thermal comfort in urban areas" (Segura et al., 2022, p. 1). Reviewing works of the past ten years, the
authors discuss the difficulty and variability of modelling the potential of street trees to cool urban
street canyons. The trees’ cooling effect depends on "the canyon geometry and sun-orientation, the
local meteorological conditions, the geographic setting of the city, the amount of tree canopy covering
the canyon ŕoor and distribution, tree typology, the water availability for trees and the tree health
condition" (Segura et al., 2022, p. 2). The authors also point out, that the effect of street trees differs
from the effect of trees in urban parks and green patches, making it necessary to differentiate between
studies on trees’ effects.
In terms of residents’ perceptions, Byrne et al. (2016) reported respondents’ high levels of perception
of shade provision and temperature reduction as health contribution of trees. Despite a reported
impression of disadvantageous maintenance costs of street trees, the authors recommend street trees
amongst other forms of urban green infrastructures as policy response to the UHIE.

Leisure and recreation impacts
Participant L raises the social aspect of green space use, identifying a social differentiation in who has
the ability to reach recreational areas outside the city. For this reason, green space areas would need to
be incorporated into the urban fabric ’in front of your doorstep’. This could provide a more equal access
to green space (C.4.9, ID 22).
This aligns with Venter et al. (2023, p. 5) who call for the observation of existing urban inequalities in
densiőcation developments. Access to green space and exposure to air pollution and solar radiation
in their case study Oslo are correlating with income groups. Densiőcation not accounting for these
inequalities may increase adverse CC consequences and should therefore be part of CCA risk plans.

7.3.2. WATER, flood and rain
Overview
The interviewees as well as the literature state similar prevalent social impacts in the Water interdepene-
dency. The stated SI per perspective in this theme are shown in Figure 7.6.
Prevalent overlapping social impacts comprised 1) impacts on physical infrastructure qualities, 2)
economic vulnerability and living standards, and 3) social differentiation The full text of these
examples is included in Appendix E.2.

WATER, flood and rain examples
The interviewed policymakers of the municipality of Amsterdam strongly perceive the economic
relations impacts. These are impacts on residents’ living standards and the monetary value of urban
properties. This was related to topographic and socio-economic speciőcities of Amsterdam:
Respondents G and F highlighted the criticality of the area choice for densiőcation. Lower-lying
areas that are already more susceptible to ŕoods would have an increased vulnerability if additional
housing units are build (C.4.4, ID 4; C.4.3, ID 9, ID 12). Participant F mentioned that the lower lying
neighbourhoods already faced the need to pump out inundated basements and the consequent damages
after extreme rainfall events. For these reasons, the protection levels will have to scaled up if such areas
are densiőed (C.4.3, ID 8, ID 9).
On top of the costs of recovery from extreme events may come these negative property value developments
(C.4.3, ID 11, ID 12). This might pose another factor of urban inequality as lower income populations have
a geographic and topographic correlation with lower lying areas, and also areas under consideration for
densiőcation (C.4.3, ID 13). The participant called for precautionary planning, including dissemination
of residents and municipal officials and participation in the planning process to prevent dissatisfaction
with the authorities and political institutions (C.4.3, ID 10, ID 12). The vulnerability of electricity
infrastructure and electric infrastructure such as data centers in particular in ŕood prone areas was
identiőed as challenging the planning and physical layout of the grid as certain areas have to be avoided
(C.4.4, ID 5). In the built environment, the observation of existing water ŕow directions and strengths in
construction projects is important to not increase ŕow resistances and current forces. The work of Li
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et al. (2021) is relevant in this case. The authors conclude that

"the conveyance porosity and the number of streets along the direction normal to the main ŕow offer an
opportunity for new developments which do not increase ŕooding severity." (Li et al., 2021, p. 14)

Moreover, were ŕow paths already existed, Li et al. (2021, p. 14) call for their maintenance, as "fragment-
ing a ŕow path into several ones [...] increases the ŕow resistance".
Green spaces, such as green roofs, parks and small pocket patches and trees not only have a cooling
effect through evapotranspiration but also may provide space for water storage and ground permeability
in cases of extreme rainfall. In Rosenberger et al. (2021) green roofs, even though retaining water, may
not be able to withstand future CC rainfall scenarios. However, they still have delaying capacities for
drainage, making them beneőcial CA infrastructures.
The risk of ŕoods and rainfall were discussed in Morelli and Cunha (2021), establishing ŕood vulnerabil-
ities of various transport modes. The authors conclude that next to building layouts, the development of
more resilient transportation can provide added resilience of physical infrastructures during rain events.

In the reasoning from the literature I could as well discern impacts from the interdependency on
property values and economic vulnerability in literature see the representation of the SI economic
relations in Figure 7.7. In this őgure, the community SI was again frequent in the interviews. This was
due to the implicit mentioning of social differentiation, compare Table 6.7. The institutional impacts
in literature, i.a. arose from identiőcation of impacts on the government workload and viability and
participation in decision-making. Finally, the question can be derived when do monetary costs occur
and determined by that, who pays for them?.

Figure 7.6: Distribution of SI % per each of the three data sets labelled as stated in the theme of Water,
ŕood and rain.
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Figure 7.7: Distribution of SI % per each of the three data sets labelled as additionally reasoned in the
theme of Water, ŕood and rain.

The theme factors that I identiőed in the analysis and the prevalent social impacts of this theme are
presented in Figure 7.8.

Figure 7.8: Prevalent individual social impacts and contextual factors discerned from the two
perspectives in the WATER theme.
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7.3.3. Mobility
Overview
The stated SI per perspective in this theme are shown in Figure 7.9. As the strongest SI was livability for
all themes in both perspectives, this also applies to mobility. The adequacy of infrastructure, the actual
quality of the built environment and the options of walking and cycling (Morelli & Cunha, 2021;
Perera et al., 2023) were frequently mentioned in this interdependency. In particular the interviewees
perceived this as a factor positively affecting actual health and well-being of residents.
In the literature, the second most prevalent SI is economic relations. This is reŕected in impacts on
living standard, income and employment options as well as the access to public services. In terms of
percentage, the literature also explicitly mentions community impacts at a high frequency. In this regard,
the increased population counts due to densiőcation need to be provided with accessible infrastructure.
In contrast to this, the policymakers perceived autonomy impacts as prevalent next to the access of
public services in this interdependency.

In the literature as well as in the interviews, I could discern autonomy impacts most prominently in
this theme, see Figure 7.10. The interviews also implicitly address impacts changing notions about the
intervention’s fairness and equity next to social differentiation. This lead to a higher share of institutional
impacts. Who will gain access, to which services? And are infrastructures őnanced and adaptive? are
strong questions arising from the stated impacts. But, looking at it in detail, the global literature set
(Everett et al., 2018; Muñiz & Dominguez, 2020; Muñiz & Rojas, 2019; Vich et al., 2019) can be seen as
capturing this in the observation of actual social differentiation impacts.

Figure 7.11 shows the theme factors identiőed in the analysis and the prevalent social impacts of this
theme.

Figure 7.9: Distribution of SI % per each of the three data sets labelled as stated in the theme of mobility.
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Figure 7.10: Distribution of SI % per each of the three data sets labelled as additionally reasoned in the
theme of mobility.

Figure 7.11: Prevalent individual social impacts and contextual factors discerned from the two
perspectives in the mobility theme.
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Mobility examples
For the full text illustration of these examples, I refer you to Appendix E.3.
Autonomy, social differentiation, access to public services and employment opportunities
The aimed for proximity to amenities would allow for walkability and cycle-ability, which are ŕexible in
their route choices and traffic directions. Also Perera et al. (2023) conclude that topography needs to be
considered in densiőcation developments. As walking is a high-accessibility and -availability mode
of transport (Vich et al., 2019), densiőcation may disproportionately affect vulnerable groups. Urban
areas in particular may lead to social differentiation in mobility, where CC and densiőcation adversely
affect outdoor thermal comfort at pedestrian level. Potentially adverse impacts on autonomy may arise
from increased heat on surface levels, inhibiting especially cycling and walking, which was discussed
by Segura et al. (2022, p. 17) and Palusci et al. (2022, p. 1). Another example is the study by Rosenberger
et al. (2021) on sustainable water management during densiőcation and CC. The authors conclude that
"[p]orous pavements offer a straightforward possibility to increase the inőltration of areas like footpaths
or cycle tracks" (Rosenberger et al., 2021, p. 9). Given proximity aims of densiőcation I reasoned impacts
on autonomy.
Participant J points out that this ideal might remain an empty promise, if the houses are being build,
but the investments into public transport do not follow. This would lead to the counter-effect of higher
resident numbers in areas of low accessibility (follow-up communication on C.4.7, ID 19).
Respondent J further gave the example of a neighbourhood team which had been established in
Amsterdam, but which was not accessible to groups with lower mobility capacities as the institution’s
building did not provide a parking spot for handicapped people, "because we did not have enough
parking spaces in that neighbourhood." In this way, social inequalities can propagate as social support
to for instance groups of lower mobility cannot be offered properly if the groups that need it cannot
reach the established facility (C.4.7, ID 18).

People walk and cycle more and walking and cycling, of course, is a more inclusive way in mobility than cars. And
it’s a very difficult discussion because this is the theory, but in practise the areas which are suitable for walking and
cycling are the most gentriőed areas. Which is not inclusive at all. There’s quite . . . this is actually quite a paradox.

(C.4.1, ID 12)

Participant K also raises these issues and calls densiőcation "wishful thinking" if it is seen as the solution
to [all] societal problems. While it may improve "the access to institutions, to healthcare, [...] or to jobs,
so that people can also, with a low income, or without a car, have a job in the neighbourhood", the
facilitation requires observation of the impacts. In particular, the respondent emphasised that issues
would be strengthened if created job opportunities would not be equally distributed over income groups
(C.4.8, ID 25, ID 29).

Autonomy of women - the gender SI
In the interviews, impacts on the autonomy of women were mentioned by the participants which I
could not identify explicitly in the literature.
In the conversation with participant H, they used the example of the US-American urbanisation model
and the implications for women living in suburbs to underline the equalising effect for women’s, children
and the elderly’s access to public services: "[if] where you live, you can get out of your house without
having a car, [...] without being car dependent, that’s super important. For women, but also for children,
and young people, or for elderly who cannot drive anymore" (C.4.5, ID 11).
That proximity, walkability, close amenities, green space and public space of densiőcation could increase
the autonomy of "people that are more at home, not necessarily women [...] but [...] people that are
more at home" was also raised as potential beneőt of densiőcation by participant K (C.4.8, ID 23).
Similarly, participant E perceives densiőcation as potentially relieving pressure from care-work tasks if
the functions in the city are brought closer together, are accessible by bike or walkable. This may give
room to the institutional side of emancipation of women, who have been the majority of care-workers
in the past. A side effect of these means of transport are the beneőts for actual health of the residents
(C.4.2, ID 24).
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7.3.4. Heating and cooling
Overview
The stated SI per perspective in this theme are shown in Figure 7.12, the SI reasoned in Figure 7.13.

Figure 7.12: Distribution of SI % per each of the three data sets labelled as stated in the theme of heating
and cooling.

Figure 7.13: Distribution of SI % per each of the three data sets labelled as additionally reasoned in the
theme of heating and cooling.

In this theme, social impacts in the SI of health were the most prevalent. The well-being of residents,
as well as the quality of housing and the adequacy of physical infrastructure were social impacts
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frequently mentioned due to this interdependency. The interviewees however, also saw the participation
in decision-making impacted through the transformation of heating systems. In particular this related
to building ownership, incapacity to participate in heating-related decisions and complicated processes
in home owner associations.
Both perspectives saw economic relations impacts as third most prevalent impacts next to livability and
health. Energy expenses, rather related to heating than cooling, deőned and manifesting in impacts
on income, living standards and implications for economic dependency appeared. The questions
of when to invest and pay for heating and cooling and whether heating and cooling measures
can be accommodated in urban fabric remain open for literature and policymaking to assess and
accommodate.
In the sphere of cooling, health impacts, mostly related to the UHIE were mentioned (Butters et al., 2020;
X. Liu & Sweeney, 2012). In this regard, the behaviour of residents as well as their cooling sensations
and the impacts that cooling green space can have were recurring in literature (Mohajeri et al., 2019;
Perera et al., 2023; Salvati & Coch, 2021), but also in the interviews.
/ Lastly, both perspectives related these impacts to second order social differentiation impacts. The
additionally reasoned social impacts largely mirrored the stated.
The theme factors identiőed in the analysis and the prevalent social impacts of this theme are shown in
Figure 7.14.

Figure 7.14: Prevalent individual social impacts and contextual factors discerned from the two
perspectives in the heating and cooling theme.

Heating and cooling examples
For the full text version of these examples regard Appendix E.4.
Well-being, actual health and housing quality in both perspectives
Perera et al. (2023) point out the impact of human behaviour. In their study occupant behaviour relates
strongly to their thermal sensation. The cooling needs are not only due to temperatures, humidity and
air velocity, which can be impacted by CC and urban form, but also by occupant activity and clothing
level, determining well-being. While this results in the author’s focus on commercial buildings to
reduce uncertainties, it gives important CA indications for the inclusion of human behaviour into the
assessment.
The strong impact that architecture can exert on well-being and heating and cooling behaviours is subject
to the study of Salvati and Coch (2021). Assessing Mediterranean climates, they stress the importance of
building ventilation, humidity regulation and protection from accumulated solar radiation to prevent
heat stress, excessive cold or heat seasons.
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Respondent G raised the attention to the feedback impact that the increase in the number of air-
conditioning units (AC) has on the temperature development within the city and the demand on
the electricity grid. Population groups that depend on AC during heat periods may be particularly
vulnerable if AC cannot be sustained in a densiőed, warmer environment (C.4.4, ID 11, ID 16).
The energy expenses created through cooling pursuits were described by Miner et al. (2017, p. 193). The
authors concluded that in the case of the UHIE as an extreme event and hazard for especially vulnerable
groups,

"the most likely strategy pursued by individuals would be to invest in more air-conditioning capacity,
which will typically increase household energy consumption, exacerbating the issues [i.e. the

self-reinforcing nature of the UHIE]."

Respondent E emphasises the potential of insulation improvements during densiőcation. This im-
provement of the housing stock would be an opportunity to increase health, well-being and lower the
recurrent energy bills of residents (C.4.2, ID 13).
The decision and investment for more sustainable heat sources, connection to the district heating
network or installation of hot/cold-storage systems is an additional barrier for residents of lower income
and tenants. However, if the housing owner takes this step, the improvement of the housing quality
may become very beneőcial to the living standard and health of the residents in the long term, after a
period of nuisance in the construction and renovation phase (C.4.6, ID 10, ID 11). This relationship and
ownership issue can be seen as one of the symptoms and causes of social differentiation and lack of or
opportunity of participation in decision-making in the heating transition.
Moreover, heating was claimed as one of the areas of the ET, where building ownership is pivotal.
For the ownership communities, less emitting energy sources for heating are frequently linked to
investments into building stock and backlog in the renovation. When these obstacles are overcome
őnancially, the voting processes in the communities may be challenging to the uptake of new heating
solutions. In these cases, the municipality would like to connect ownership communities to each other
and offers training for knowledge exchange (C.4.6, ID 8, ID 9). Respondent J reŕected on the chances
for community interaction in the neighbourhood if energy sourcing and storage are managed in local
systems. The ownership of energy production communities may lead to a feeling of participation in
the ET and increase community cohesion. However, the inclusion of residents in social housing and
low-income owners may lack behind, which could propagate feelings of exclusion (C.4.7, ID 21).

7.3.5. Electricity and energy sources and grid
Overview
Finally, considering the energy and electricity sources and grid, the divergence between the two data
sets is the most evident. The Overview of stated SIs in this theme is given in Figure 7.15. The reasoned
SIs are included in Figure 7.16.
While in the literature review, I identiőed living standard, physical infrastructure and social differentiation
most frequently, from the interviews I discerned participation in decision-making, actual health and
feelings leading to the formation of interest groups as prevalent.
In the impacts I reasoned, impacts on autonomy and property values were added in the literature data
set. In the interviews, I reasoned many diverse additional impacts from the policymakers’ perceptions.
Amongst these the housing quality, but also social network disruption, violence and stigmatisation.
As the interview questions and search strings were based on the CM and understanding laid out in
Chapters 3 and 2, the underlying bias may have contributed to this outcome.
In the theme of electricity and energy sources and grid, the following questions arise: Who owns
the new housing units? Who owns electricity generation sources? How will electriőcation interact
with the residents’ behaviour patterns? These questions will deőne the notions of participation in
decision-making, the formation of interest groups and are therefore important to accommodate in
policymaking. As the physical infrastructure is changed and living standards and economic dependency
and vulnerability may be deőned to large extends by who will be able to take decisions, i.e. questions of
ownership and participation, a regulation of these processes is necessary. In this way matters of social
differentiation and the achievement of actual health beneőts and higher housing quality levels after
densiőcation has happened may be guided.
The visual representation of the insights in this theme are shown in Figure 7.17.
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Figure 7.15: Distribution of SI % per each of the three data sets labelled as stated in the theme of energy
sources and grid.

Figure 7.16: Distribution of SI % per each of the three data sets labelled as additionally reasoned in the
theme of electric and energy sources and grid.
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Figure 7.17: Prevalent individual social impacts and theme factors discerned from the two perspectives
in the electricity and energy sources and grid theme.

Electric and thermal energy sources and grid examples
Housing quality in the interviews
Participant I reŕects on the complexity of demand changes that can occur in certain densiőcation
development. If the use function of a building is changed form business or industrial use to residential
use, this affects the needed capacities, and, most of all, the energy usage curve (C.4.6, ID 3). Difficulties
were expressed by a respondent for the spatial and őnancial inclusion of storage solutions (C.4.7, ID 21).

Space is competed for, and integrated solutions are needed to accommodate as many claims as possible, the energy
and electricity systems are high ranking on the list as they are a go or no go criterion for other spatial claims

(C.4.9, ID 18)

If densiőcation leads to an increase in sharing of appliances and facilities, the absolute electricity and
thermal or other energy demand might by higher than in less dense areas - but the per capita use can be
decreased and more efficient solutions brought to the table (C.4.1, ID 18; C.4.8, ID 2). Connected to
this, the grid capacity needs to be brought up to speed. Whereas respondent F during the time of the
interview wished for more consideration of the peak grid demands in the densifying areas and the city
as a whole by the municipality (C.4.3, ID 18), the participant stressed in a follow-up communication in
September that strategy efforts in planning have been made.

Living standards, economic dependency, social differentiation in literature
In their 2012 study, Byrd and Ho (2012) concluded that suburban forms might prove to be energy
efficient when electric vehicles (EV) are combined as storage and transport technology with PVs on roof
areas as these might generate larger electricity harvests there than in compact city centers. However,
ownership distributions of suburban houses and EV might account for social differentiation in the local
proőt of these electricity and mobility systems.
In Byrne et al. (2016), social differentiation exists in the described characteristics of solar panel owners.
House owners with higher living standard features were more likely to own solar PV. In contrast to
these, renters and persons with higher energy expenses were more likely not to be owners of solar PV
panels. The authors relate this association to the non-ability of tenants to decide on the installation of
solar PV. Moreover, as the authors state

"[l]andlords may act to limit őnancial outlays and to maximise their rental returns, seeing limited value
in installing high-end, energy efficient appliances that could be damaged by tenants. Operating costs
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are not their concern because they are passed onto tenants (who pay for electricity)" (Byrne et al., 2016,
p. 13).

How electricity outputs from rooftop solar PV might be high despite compact built environments
was suggested by Mohajeri et al. (2019). If building heights are levelled out during a densiőcation
process by topping up lower buildings, shadow creation between buildings might be reduced, increasing
the solar gains.
Considering the cost of the ET, Perera et al. (2023) concluded in their study, that the uncertainties in CC
developments in combination with the integration of renewable energy sources might depend on urban
forms, local climates and grids. In this way, physical infrastructures might not only be determined by
the advances in technology, but also the local conditions.
In a combined consideration of climate developments and CA, Butters et al. (2020) observe municipal
energy grid lock-ins. These might lead to economic vulnerabilities in particular in poorer regions where

"favorable solutions such as district heating or cooling are not implemented", leading to "huge future
energy costs and climate emissions" (Butters et al., 2020, p. 200).

Participation in decision-making, social differentiation and formation of interest groups in the
interviews
The electricity sources in the densiőed urban environment are another demand for space. The installment
of solar PV on roofs will encounter a lower number in suitable roof space. However, they are better
manageable than windmills, which face public opposition in dense residential areas (C.4.4, ID 17; C.4.2,
ID 8, ID 9, ID 10). Respondent E in this regard elaborated further, that when space becomes scarce in a
densiőcation context, the competition between other functions and, in this case windmills, gets harder.
In densely populated areas, as the population count is higher, also a larger group of residents might
be affected by potentially or perceived negative impacts. For this reason, the formation of opposition
groups might climb (C.4.2, ID 9).
Considering ownership, the placement of solar PV often encounters similar difficulties and investment
constellations as heating options. ET pursuits in the urban space creates both, resident opposition and
promotion groups. However, it may also be an opportunity of public participation in the shaping of the
ET (C.4.2, ID 10).
Participant K gave weight to the increased energy prices and awareness about energy consumption. In
this regard, they elaborated on human behaviour and routine changes. The understanding of the energy
system might change due to the ET and the transition might require more participation and interaction
with the energy system on the one hand. On the other, energy poverty might already impact residents’
behaviour and restrict their routines, leading to, or, correlating with, social inequality (C.4.8, ID 5, ID 6).

7.3.6. Contextual theme factors overview
The matched theme relationships in the three-dimensional socio-technical system of urban densiőcation,
CA transitions, and social impacts are shown in Figure 7.18. This juxtaposition reŕects the variety of
theme factors that are common or particular to the method strains. The factors particular to one of
the data sets are included in the horizontal literature review box (top, light green) or the interview
box (bottom, yellow). Factors in the overlapping space of both boxes are common to both perspectives.
Common to all themes and both data sets is the factor of gentriőcation and urban inequality - a strong
example of the complex social impacts and rootedness spatial interventions and CA.
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Figure 7.18: Three-dimensional juxtaposition of factors in the themes discerned from the two perspectives. The őve CA themes (red, long dash and blue,
round dot) are embedded in the simultaneous built environment densiőcation process (green outside frame line). The factors unique to one of the data sets
are included in the horizontal literature review box (top, light green) or the interview box (bottom, yellow). Factors in the middle space are common to both

strains.



Chapter 8

Discussion

Finally, Section 8.1 ties together the results that I presented in Chapters 5 to 7. I refer to hot-spots for future
research in Section 8.2 and urban policymaking in a general sense in Section 8.3. In Section 8.4 I use the results of
this study to draw implications for the densiőcation development variants in Amsterdam. To close off, I reŕect on
the limitations and suitability of the chosen approach in this thesis in Section 8.5.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

8.1. Findings in the two perspectives
My study goes in parallel to the results of Westerink et al. (2013) that the change processes arising
from densiőcation may lead to adverse and beneőcial impacts alike. Moreover, I could show that
there is a divergence between scholarship and planner’s perceptions. This enriches the knowledge
of divergences already identiőed by Ahlfeldt and Pietrostefani (2017) between abstract and empirical
studies, as well as of Berghauser Pont et al. (2021) between planning motivations in policy-documents
and academia.
By reducing the literature review data set to the 45 items in the AMS-region, I could test the trends
in the literature review data. The results in the majority of themes show the same trends of prevalent
SI, whether the literature review includes all regions, or only the AMS-region items. Deviations
were strongest in the electricity and energy sources and grid theme. In particular, comparing the
policymakers’ perceptions with the AMS-region literature, the most prevalent SI do not align. This
gives the indication that in this theme, there is a gap between regional literature and policymaking.
Another distinction could be made in the heating and cooling interdependency. Here, the global
literature set referred stronger to the SI economic relations and mentions institutional impacts. Within
my resources I can only assume one out of two things: that literature in the AMS-region does not
perceive economic relation impacts as as much as the global literature, or, that research őndings indicate
lower impacts in this region.

In the UHIE and Water themes, the factors particular to the literature review data set seem to
adhere to physical relationships, the factor or transport infrastructure disruption in the water theme.
Many of the factors őltered from the interviews are rooted in societal interactions (ownership, budget
competitiveness, citizen action, property values, pumping activities and costs). This might be due to the
practice background of the interviewees in contrast to the academic characteristics of the review items.
The őnancial quality of the factors in the water theme of the interviews mirror the prevalence of the SI
of economic relations. Also the other diverging factors in UHIE and health may be linked to the strong
occurrence of health and livability impacts in the literature review data and health in the interview data.
In the mobility theme, the diverging factors in the two perspectives mirror the prevalent SI: the
community and economic relations in the literature review and the economic relations and health
impacts analysed for the interviews. The factors common to both data sets show deep embedding into
the objectives of densiőcation as a spatial planning doctrine: proximity, multifunctionality, independent
and low-emission transportation modes. This shows that the perception of the social impacts of
policymakers and the impacts stated in literature overlap with the goals of densiőcation in this theme.
The most frequent SI of the heating and cooling theme in the literature review are not represented in
the particular theme factors, but rather in the factors common to both data sets. The particular factors in
the literature review, again, are of a more physical nature. The factor prevalent in the interview data set
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(collective heating systems, ownership associations, housing quality and insulation) reŕect strength of
the livability and community SIs.
At last, the theme of the energy and electricity sources and grid provides factors that are particular to
the two perspectives as well as common. While the three factors discerned from the literature data set
focus on livability and new technologies, the factors particular to the interviews adhere to institutional
and health, as well as livability and economic relations impacts.

Social justice
In my research, the complexity of social impact observation as per Imperiale and Vanclay (2023) became
apparent at many instances. My results show that next to őrst order and direct social impacts, many
indirect impacts may occur. These are explicitly mentioned, but sometimes only implicit to both my data
sets. Through reasoning I could shed light on these implicit and often indirect social impacts arising
from interdependencies between densiőcation and CA.
The recurring impacts of social differentiation, notions about impact fairness and equity, the formation
of interest groups and the participation in decision-making are social impacts that are decisive in the
eradication or propagation of urban inequalities Byrne et al. (2016) and Williams et al. (2023). Similar
impacts were observed by Berghauser Pont et al. (2021).
An example discussed in both perspectives of this thesis project was the impact of access to sites, capacity
of investment and favorable location characteristics for PV electricity generation. These contextual
factors easily inŕuence the justice dimensions and experience of equity of affected urban residents. This
example reŕects the social justice concerns raised by Bennett et al. (2023) and Ghisellini et al. (2023) and
constitutes one of the many leverage points striving for local equity in the ET that my thesis unveils.
Home ownership is evidently decisive in this matter. Tenants may often be excluded from greater
economic independence, participation in the ET and better housing quality in the form of energy
performance. The absence or low quality of modern physical infrastructures does not only lead to lower
living standards, but could restrict the progression of the ET if landlords do not see the installation of
PV as renewable energy source and the upgrade of the building’s energy performance as advantageous.

Vulnerability
Inequality in vulnerabilities of residents is represented in my results on many occasions. The example
of availability of mobility modes in the densiőed environment spotlights such a vulnerability inequality.
The experience of disruptions due to urban densiőcation might be much stronger for population groups
dependent on individual motorised transport as stated in the interviews. Also the effect of water
damages after ŕood events will be experienced differently in line with the recipient’s vulnerability and
underlines the importance of vulnerability assessments in CCA as in Filho et al. (2018) and O’Brien et al.
(2006).

8.2. Hot-spots for future research
In general, the knowledge base can serve as a data base to establish further research which is necessary
to be able to better estimate the effect of contextual settings. Considering the SI occurrence in the
two data sets, the SIs of health, community, institutional and gender impacts had frequent implicit
mentioning that I could reason from the data. Relationships between densiőcation and CA and social
impacts within these SIs should be subject to future research.

8.2.1. Drawing from the literature review statistics
Regions and countries
I could show that within my database, most articles have been published in Europe, with North
American regions in second place and followed by Eastern Asia. This also relates to the countries of
study, even though authors of course would not need to choose the region they are based in as their
study area, particularly so in studies making use of digital remote data collection. Similar prevalence of
regions is found in the review work of Ahlfeldt and Pietrostefani (2017).
While this needs to be seen at the background of my search parameters, and in particular the language
limitation, it would be important to increase the studies conducted in South America, on the African
continent and Central Asia in future work. This would increase the diversity of viewpoints and in the
end could help to reveal biases in research on the topic and in the classiőcation and characterisation of
social impacts of urban densiőcation.
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Fields, methods and scales of study
Considering the őelds of studies, mainly founded on the authors’ professional location and the journal
the item was published in, a majority of engineering and natural sciences can be distinguished. Hu-
manities and sociology are represented at lower numbers in aspects of geography, urban development,
economics and sociology. As can be seen in the study of Ahlfeldt and Pietrostefani (2017) who found the
largest number of studies in the őeld of economics, other authors come to different prevalent scientiőc
őelds. Even though this outcome is evidently strongly related to the chosen search strings, it can give
indications for future research. My approach, which made strong use of an engineering and natural
science understanding of densiőcation and CA in the outset and collection of search items, used a
sociological analysis framework. Future work could further engage in a combination of approaches.
This focus might also be one of the sources for the lower observation of economic impacts in my literature
review data set, in contrast to Ahlfeldt and Pietrostefani (2017), but also the work of Cavicchia and
Cucca (2020). The latter focusing on strong relations between densiőcation, housing affordability and
neighbourhood segregation in their review of the social beneőts of urban densiőcation.

Excluding the method of spatial data analysis, because of its various potential facets, quantitative and
modelling methods are the main methods applied, with energy, transport and hydrological systems
in the focus. Resident surveys, the őrst strong qualitative method, is represented with 5 items. These
studies looked into the quality and perception of green spaces (Byrne et al., 2016; Everett et al., 2018),
GHG emissions and energy consumption of households (Muñiz & Rojas, 2019) and neighbourhood
perception and satisfaction (Arnberger, 2012; Mouratidis, 2018, 2019). Only two studies applied
interview approaches.
For future research in the topic I give the strong indication to consider residents’ perspectives. Ideally,
future studies based on this thesis project and the created knowledge base will include the voices of
affected citizen groups to add this essential element which is indispensable to socially sustainable
development, fostering social equity. This could be founded on longitudinal studies, considering the
social impacts arising from these bio-physical process changes before and after they have occurred.
Combining public participation and science communication, Mielby and Henriksen (2020) suggest a
citizen science approach to increase the awareness about risks related to natural hazards and to close
monitoring and data gaps.

Analyses of the topographic and socio-economic patterns of the case study areas mentioned in
the literature review could be conducted. This project could not look at the areas that were already
densiőed or determined for future densiőcation. Spatial auto-correlation analysis of topographic
information and socio-economic and demographic information of these neighbourhoods could provide
insight into the selection of densiőcation development.

Material Flow Analysis studies and Life-cycle Assessments on urban densiőcation could pro-
vide a quantiőcation of material ŕows and environmental impacts of densiőcation. The mapping of
material ŕows can help to understand the socio-technological system, change workŕows and processes
to increase the system’s (social) sustainability.

Lastly, considering the scales the studies were conducted on, research on block, district, metropolitan
area, region or building scale were in the minority in contrast to city scale or neighbourhood scale
studies. Morelli and Cunha (2021) identiőed a knowledge gap due to missing data for small sized cities.
These are data that might be useful to decision-makers and are available at mid- to large-sized cities.
Here, future research could be conducted to őll this gap. Nonetheless outside my scope, I consider
the canopy-scale, peri-urban area and village scale as addition to my project which helped me to gain
additional insights. A particular area for future research was given by Mielby and Henriksen (2020) and
Rosenberger et al. (2021) who claim the necessity to conduct further research in underground systems,
such as hydrological, geological and human-made system interactions as CA and densiőcation may
lead to currently unforeseen (social and physical) impacts.
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8.2.2. Drawing from SI statistics
Absent and prevalent SI
The major SIs throughout the project were livability, health and economic relations. Even though
categorised differently and with a different scope, where categories and scopes overlap, these őndings
largely overlap with the literature review results of Berghauser Pont et al. (2021). Impacts on property
values in my study are ambiguous as well, depending on the context. The impact on public őnances
was less prevalent in my analysis. But, I can only give an indication as I did not characterise identiőed
impacts. My approach was intended to provide insight into the absence, presence or prevalence or
social impacts. The quality or strength of the impact, or a positive or negative perception at the end of
the individual subjects, the urban users or residents, lay beyond my scope. Nonetheless, with some of
the social impacts, the reader might already interpret a positive or negative reception and effect on the
subject. Here, I want to pose a call for caution as future research is necessary to actually evaluate and
in particular longitudinally assess these characteristics.

Apart from this, it became clear in the observation on the level of the individual social impacts, that
the SI community was to a large extent determined by social impacts arising from the interdependencies
on social differentiation. The other social impacts in this SI as well as the cultural and gender SI
were frequently absent. However, this should not be seen as a hint that these SIs are not impacted by
densiőcation processes in times of CA. As I could show due to the higher numbers of reasoned impacts
based on my understanding and shown in Chapter 3, studies in the urban social fabric do depict such
impacts. Future research could dive into the exploration of prevalent SIs and theme factors in the
knowledge base and analysis results of my project.

Divergence between the two perspectives: Institutional impacts
Comparing major social impacts mentioned implicitly or explicitly in literature and the perceptions of
policymakers, it became clear that there is an extraordinary divergence between the weight given to
institutional impacts. This holds even where the literature set is reduced to items in the AMS-region.
For this reason, in particular with regards to impacts on participation in decision-making, it needs
to be further evaluated where this contrasting assessment originates from. Moreover, it might be
an indication of the interviewees’ focus on the implementation of urban interventions in contrast to
the modelling or simulation of densiőcation and CA interventions engaged in by researchers. The
indication of a majority of quantitative and natural science and engineering research methods used in
the studies that I gave above might be one of the contributing factors for this gap.

Within the interdependencies
In the mobility theme, autonomy is one of the major impacts in global literature. Research in the
interdependency of mobility on the autonomy impacts was low in the literature set reduced to the
AMS-region. However, the policymakers perceived this widely. Here, it seems that the two perspectives
need to communicate further. The often mentioned necessary additional tools and policies that the
interviewees brought forward in the mobility theme mark a sphere where research can further support
policymaking.

Overall, there were strong overlaps in the stated and reasoned impacts in the heating and cool-
ing interdependency. Potentially due to climate, the focus of the policymakers in Amsterdam lay
stronger on heating than on cooling. Particularly in the global literature set, cooling was a more frequent
subject and often not only related to green space, but also to building construction and architecture.
For the case of Amsterdam and regions with a similar climate, further evaluation of the effects of
densiőcation and simultaneous ET and CCA on heating could be investigated.

8.2.3. Drawing from the contextual factors
Rinkinen et al. (2021) summarise literature pointing out that the environmental and technological
sustainability of urban densiőcation depends on the residents’ behaviour, determining the sustainability
rating of urban densiőcation processes. The power of human behaviour as brought forward by authors
is on the agenda of urban policymakers.
The behaviour of residents and their notions about the equity of interventions can determine the success
of densiőcation in times of CA. Physical and mental health beneőts often stated by the interviewees
depend on the actual behaviour of residents, as mentioned by K. However, the spill-over effects of
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increased walking and cycling into adjacent neighbourhoods, where infrastructures are less available
could nudge residents of these areas nonetheless to walk and cycle more.
The social behaviour of urban residents remains an important variable for the outcome of densiőcation
interventions which cannot be addressed in the project at hand. In the best case, this needs to be
approached with longitudinal approaches that give urban residents a voice.

Another item for future research needs to be the inŕuence of home ownership on the percep-
tion of densiőcation. This aspect is also expected to inŕuence the autonomy of urban residents engaging
in urban transition measures, such as the installation of PV, housing insulation or CCM (Byrne et al., 2016).

The literature directly addressed the need for stronger investment into modelling tools for the
observation of thermal conditions (e.g. A. Oliveira et al. (2021), Palusci et al. (2022), and Pramanik et al.
(2022) and outside the knowledge base Koutra et al. (2018)), the establishment of new indicators to
monitor urban development impacts (e.g. Bobylev (2016)) or the provision of household information
(e.g. Kaza (2020)) to improve research on urban densiőcation. The inclusion of emerging technologies
into urban planning and energy system models was emphasised by Mohajeri et al. (2019). These could
feed into research on the social impacts of these interventions in times of CA.

8.3. Indications for policymaking
8.3.1. Effect of human behaviour
The interviews also identiőed human behaviour and changing societal paradigms and habits as a crucial
factor in the social impact outcome, just as Rinkinen et al. (2021). To accommodate for "unforeseen"
developments is indispensable to prevent the lock-in of practices through technologies, engineering
and architecture. If spatial planning and architecture are designed for current technologies and
prevalent practices, i.e. status quo majority ideas, it might not be őt for minority practices or
changed circumstances in the future (Ahmadian et al., 2019; Rinkinen et al., 2021). Gone wrong, this
could generate discriminating disadvantages, undermine the populations’ resilience and perpetuate
inequalities. As Rinkinen et al. (2021, p. 84) state: "It is only by detailing the material arrangements
around which daily lives revolve that the spatial organisation of social practice can be identiőed as
that is reproduced within homes, neighbourhoods, and more extensive infrastructures and systems of
provision."

8.3.2. Communication between stakeholders
On the side of governance, science communication and intra- and inter-agency communication
need to be increased to diminish knowledge silos and to close knowledge gaps on this side as the
lack of knowledge and guidance and planning regulations for the integration of CCA in densiőcation
processes at municipal departments can be a barrier to sustainable densiőcation (Erlwein et al., 2023;
Gadish et al., 2023) and may even deteriorate hazards (Moravej et al., 2022). Awareness-raising and
citizen involvement was demanded by e.g. Erlwein et al. (2023) and Miner et al. (2017) but also by the
interviewees.
But, in general, communication amongst all stakeholders will strongly affect the social impacts
densiőcation and CA can exert. This includes tenants, home owners, municipal or non-governmental
organisations or co-operations and corporations. In relation to the ET, the exemplary question of
how much does the city under question cooperate with amenity and resource providers within its
boundaries might lead to powerful consequences. This was identiőed in the interviews and aligns with
Rinkinen et al. (2021, p. 82), who stated that service providers such as "[...] water companies, food
manufacturers, appliance designers and energy providers are involved in making and reproducing the
material arrangements on which everyday practices depend" and ought to be part of the discussion.

8.3.3. Locations and necessity of adaptive planning
The consideration of densiőcation locations and accompanying policies for the consideration of equity
impacts was raised by Butters et al. (2020) and Venter et al. (2023). Similarly, Ricart et al. (2022, p. 19)
stressed that "building resilience is about enhancing coping, adaptive, and transformative capacities
altogether and not only from a technological perspective but from a social dimension to identify the
most relevant and effective strategies for improving urban climate risk management." Also Mughal
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et al. (2020) recommended the potential need for limiting densiőcation in already dense areas. In this
way, the two studies can be seen as bridge between the recommendations of research for a socially
sustainable densiőcation development in parallel with CA, and planning and policymaking practice.
Thereby, overcoming the knowledge silos between the two is of highest importance.
Considering public health in extreme events requires the planning of ŕexible and adaptive urban
space. Here, the quality of the built environment, multifunctionality and transport access need to be
considered with attention. This was mentioned several times in regard to a health crisis such as the Sars
CoV-2 pandemic, in the literature data set as well as the interviews: If amenities are closer, a dense city
can lead to better physical health through walkable access to health services and amenities (groceries
etc), increasing physical health directly (through walking and leaving the restraints of the housing unit)
and indirectly (through avoiding higher exposure to virus transmitters as no public transport is used).
Like CCA, the inclusion of potential future pandemics into the spatial design thinking process is a
component necessary for sustainability.

8.3.4. Learning from the interdependencies
The UHIE, heat, drought
From the strong overlap in the theme of the UHIE between both perspectives, one main common
implication can be drawn for policymaking in general: to avoid substantiation of urban inequalities and
impacts on social differentiation through densiőcation processes in times of CA, the question of who
can use green space is ever more important. This considers that authors and interviewees have opted
for the inclusion of green patches, green facades and green roofs in densiőcation to avoid impact
inequity and social differentiation of urban residents in densifying or surrounding neighbourhoods.
My őndings overlap with Berghauser Pont et al. (2021) who depicted adverse micro-climate impacts of
densiőcation in their literature review.

WATER, flood and rain
The interviewees as well as the literature highlight that monetary costs will occur indirectly or directly
due to the water inderdependency. In particular CCA needs to match increased housing unit numbers.
The creation of impermeable surface and water ŕow obstructions below and above ground ought
to be prevented. This holds for policymaking and scientiőc advisors of planning interventions.
Communication between research and practice on the most recent tools to estimate the impact of
construction plans ought to be increased.
On a societal level, the communication between planners and policymaking and residents on the
potentials of damages and the need for resilience and adaptive measures needs to be strong. This
would support the trust in public organisations as well as the viability of planning. At the same time, the
impact that this interdependency may have on economic resilience, property values and the resident’s
living standard need to be brought to the table as the question of who is paying when for which costs to
the built environment is already a question of the present.

Mobility
Vulnerable population or vocational groups need to be provided with options of motorised mobility
if needed. Financial investments into public transport and walking and cycling infrastructure need
to keep up with rising population counts and be accompanied by CCA adaptive measures of these
infrastructures, such as UHIE preventive shading through green infrastructures and permeable surfaces
for rainfall drainage.

Heating and cooling
Study authors suggested building material lifetime observation (Resch et al., 2016), material selection
for shading, reŕection or radiation modiőcation (Gadish et al., 2023), green space inclusion (e.g. Loibl
et al. (2021) and Pierer and Creutzig (2019)) or the orientation and placement of buildings (Grunwald
& Weber, 2021; Kii, 2020; Mohajeri et al., 2019) as general recommendations for urban planning.
Particularly if the risk that a combination of materials might lead to temperature increase instead of
cooling if combined at random (Kleerekoper et al., 2015) is observed in the interdependency of heating
and cooling.
To prevent notions about unfair treatment and gentriőcation the temporal and actor distribution of
costs for heating and cooling stays pivotal.



8.4. Indications for Amsterdam 85

8.4. Indications for Amsterdam
8.4.1. Spotlights prevalent and absent SI
Prevalent: Social impacts in the mobility theme
In Amsterdam, mobility was the theme in which the interviewees explicitly stated the most social
impacts. The strong prevalence of mobility is also reŕected in the conceptualisation of the densiőcation
strategies. This might give an indication of the importance and understanding of densiőcation as an
urban form providing proximity, walkability and accessibility. Closeness of employment options,
amenities, social networks, was recurrent in the interviews. The reduction of mobility not only creates
direct social impacts, but also indirect impacts on CCA and the ET. This might be reŕected in the
reasoned social impacts that were stronger in the cases of the electricity sources and grid and the UHIE.

Little observation: Social impacts in the WATER, flood and rain theme
Strong relations in the published documents of the variant descriptions hint at all themes, reŕecting the
Amsterdam City Doughnut and the CA policies, with one exception: Water. This may be due to the
self-understanding of Amsterdam as "waterstad" (Gemeente Amsterdam, 2023k, p. 8), a city which has
been living with and shaping the natural water system in place. However, it seems surprising, that
the variants in the development strategy do not in speciőcally mention social impacts arising from
a densiőcation and CA interdependency with relation to water. The Gemeente Amsterdam (2023k)
only mentions water in relation to urban green, its functions for evapotranspiration, water storage
and drainage. This is particularly surprising as I could show that the interviewees did mention social
impacts arising from this theme, even though with lower frequency than the themes of mobility, heating
and cooling and the electricity sources and grid. The SIs of livability, economic relations and health were
strongest in their perceptions, with the most prevalent social impacts of actual health and well-being,
leisure and recreation as well as income, living standards and property values. In this regard the official
publication of the proposed strategies seems to be limited. Moreover, the share of this theme is higher
in the implicitly mentioned impacts than in of the explicitly stated impacts, allowing the indication
that there is also more experiential knowledge on the side of policymaking than is actively mentioned
by the policymakers. Even though social impacts are perceived by the interviewees, the social pressures
are not incorporated in this interdependency.

8.4.2. Indications for the densiőcation strategy
New neighbourhoods
The strategy of new neighbourhoods relates strongly to multifunctionality, and transformation of
industrial areas. Here, potential social impacts could particularly occur in the themes of the UHIE. This
correlates with participant G who issued a warning to act with precaution to not add to the UHIE by
transformation of former industrial areas into residential or mixed-use areas, as these might bear risks
for "overheating".
The second theme which might give rise to adverse outcomes of social impacts in this variant is mobility
as industrial areas and former harbour areas need to be well embedded into transport infrastructures.
Considering interviewee J’s experience of areas that are not easily accessible for groups with lower
mobility due to handicaps or areas whose residential numbers are increased but without the necessary
investments into public transport infrastructure following suit, this is important to mention. I could
show that social differentiation, the access to public services and autonomy were also social impacts
stated in literature with regards to mobility. Reŕecting participant J, Kabisch et al. (2021) also state
the importance of green and cool spaces to linger, in particular for pedestrians and cyclists. Here, the
interviewees from Amsterdam perceive autonomy and social differentiation impacts stronger than
literature of the AMS-region, comparable to the literature items of the non-AMS regions.
I would give the indication to observe cultural and institutional impacts of the UHIE. In literature, the
cultural SI impacts are changes in cultural values of the population (Delgado-Capel & Cariñanos, 2020;
Martilli, 2014). The institutional impact observed by Ricart et al. (2022) related to urban interventions
was participation in the decision-making. This related to education on the adaptive capacity of urban
interventions and experimental NBS. Even though outside the AMS-regional literature, Pramanik et al.
(2022) highlighted the impact of the UHIE on the notions of fairness of residents in neighbourhoods
highly exposed to the UHIE due to a lack of shading and other cooling measures.
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Neighbourhood centers/Business, innovation and knowledge centers
This variant is shaped by neighbourhoods with already existing employment options and access to
public services, related to the SI economic relations. The feature of an increase of small housing units
to accommodate students, scientists and healthcare staff (i.e. highly educated residents) let me draw
implications in the themes of the UHIE, heat drought, mobility and the electricity sources and grid.
More precisely in the areas of thermal comfort indoors and outdoors, low-cost mobility in the form
of cycling, walking and public transport and little space for motorised vehicles. However, also the
energy demand would need to be covered. Looking at the literature, outdoor thermal comfort might be
increased if shading is increased through high buildings, while maintaining air ŕows into the built-up
blocks (Deng et al., 2023; Erlwein & Pauleit, 2021). This could be improved through the observation of
major wind directions (Back et al., 2023). Indoor thermal comfort in the tight urban fabric could be
increased through green facades and green roofs (Belcher et al., 2019).
In this regard, Brom et al. (2023) and Lemonsu et al. (2015) overlap with participants G and F, who
highlight, that with the population increase, also vulnerability to increases. For this reason, safety and
adaptive measures have to be "levelled up". F highlighted the őnal issue that investments into social
services, CCA, the ET and densiőcation alike come from the same budget, the budget of the city of
Amsterdam. Densiőcation, CA transitions and the social dimension therefore not only compete for
space in the urban fabric, but also public budgets. This was also subject to Tan et al. (2018).
Even though the interviewees referred to this aspect with relation to ŕoods, I want to make this case also
for thermal stress. Also with regard to the energy infrastructure, and PV in particular the interviewees
and literature agree that ownership and the capacity of tenants to own or invest into solar PV might
limit their economic and institutional participation in the ET and with the potential to lead to social
differentiation (E, I and J, and (Byrd et al., 2013; Byrne et al., 2016).
This strongly underlines the importance of ownership in the urban space identiőed in the interviews. The
implications of this variant might be highly related to the legal positions of the residents as homeowners
in or without an owners’ association or as tenants. In relation to the actual electricity generation Mohajeri
et al. (2019) remark that building heights could be levelled out to provide a maximum of PV gains.

Station quarters and transport lanes
This variant has strong relations to the themes of heating and cooling, the electricity and energy sources
and grid and mobility. Additionally, green space provision is essential to this variant.
As this variant focuses on the establishment of employment options and services rather than housing
units, there might be more social beneőts than drawbacks. For instance the spill-over effects into adjacent
neighbourhoods mentioned by D: accessibility of public services, employment options and indirectly
increase autonomy and decrease social differentiation. Such neighbourhoods could be included into the
budgeting process as proposed by J.
Nonetheless, the competition for space, urban inequalities and human behaviour might be facets
necessary to keep in mind. As in the perception of interviewee G, the shared and non-motorised
mobility concepts in this variant might be enablers for the ET - but in a densiőed surroundings be highly
dependent on the space given to these mobility modes and the behaviour of the residents themselves.
Another factor is the space allocated to green areas. Pierer and Creutzig (2019) showed the alleviating
UHIE and CCA facilitating effect of green space and transport lane combinations, thus maintaining the
viability of transport systems, determining residents’ autonomy, living standards and health. Lastly,
while public transport infrastructure is of low route ŕexibility in the case of extreme weather events,
increasing cycling and walking infrastructures may lift residents’ adaptive capacity.

Development of existing residential neighbourhoods
This variant highlights the viability increase of public services due to population increases, also
mentioned by J, E, and H. However, as F mentioned, the competition for space is sided with the
competition for budgets in the simultaneous pursuit of urban densiőcation and CA interventions. As
raised by the interviewee, this also amounts to adaptive measures which have to be installed or improved
due to higher population counts. This has been described by Smith et al. (2020) for the case of the US.
The authors concluded that in contrast to sprawled cities, dense areas could keep damages costs low.
Densiőcation might thus open up budgets that could then be invested into CCA measures.
If the housing stock, physical and social infrastructures are reconstructed and improved, social
differentiation or the inability to afford better actual qualities due to income and living standard of the
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current residents need to be prevented. This could be accommodated by policies such as a right of
return or subsidised parking for former residents or employees in this neighbourhood.
To prevent high-end rents, which would go against the municipal goal of Amsterdam to provide 40 % of
housing units in the medium income sector, Muñiz and Dominguez (2020) (non-AMS-region literature
data set) suggested stronger housing market regulation. This suggestion was also brought forward by
Cavicchia (2023) for the case of Oslo to prevent exclusionary housing market developments.
The observation of health impacts due to the addition of ŕoors needs to be part of this variant, in
particular in relation to the UHIE and heating and cooling in times of CA. Green facades, green roofs
and small patch green areas could balance out increased cooling demands (Belcher et al., 2019; Loibl
et al., 2021; Martilli, 2014; Mohajeri et al., 2019; Perera et al., 2023), "grey landscapes" and lower effects
on pollution levels or thermal stress.
Emerging heating and electricity technologies for single households could be incorporated into this
variant (Martínez Reverte et al., 2022), while human behaviour and sensation, household compilation
and household income will play an important role in the necessary grid capacities not only for heating,
but also for cooling technologies (Miner et al., 2017; Perera et al., 2023) in times of increased UHIE and
CA and due to the increased population in the existing neighbourhood, which is not - as G stated - a
clean sheet to build on.

8.5. Reflections on the chosen approach
Overall, this project underlies the restrictions and beneőts of the research approach I chose, as well as
limitations due to my resources and positionality.

8.5.1. Conceptualisation of CA, densiőcation and social impacts
First and foremost, I chose a broad deőnition of urban densiőcation. This relates to the fact that if I had
intended to compare only studies with an identical deőnition, I would not have been able to conduct
this literature review. The use of the terms "densiőcation" and "density" has not been standardised
and differs between authors, study őelds, regions, schools (Ahlfeldt & Pietrostefani, 2017). Also in the
perceptions of the policymakers I did not ask for a deőnition. The aim of my research was to provide a
comprehensive and broad overview of the social impacts arising from densiőcation and CA. Here, I
did not want to restrict myself yet to only one form or variation of densiőcation processes or one strict
deőnition of density. The results of this project therefore stem from studies with a multitude of distinct
densiőcation understandings. The results need to be read at this background.
The approach of Larimian and Sadeghi (2021) to social sustainability dimensions is reŕected in the
use of the framework of Vanclay (2002), in parts of the Codebook and can also be seen in the literature
review knowledge base. But, I did not distinguish between scales within the social impacts compiled in
the knowledge base.
The reasoning of the labelled sections was based on literature items collected for this purpose. However,
the literature often is ambiguous and still undergoing discussion. The goal was to őnd conclusive
arguments while also taking into account that the reasoning and discussion of social impacts is complex
and will be ongoing. This academic review process, hypothesising and falsiőcation naturally also
applies to the items that comprise the review results and knowledge base.
The parallel conduction of the literature review and conceptualisation had a strong impact on the
interview questions and deőnitions given in the interview.

8.5.2. Data collection
Literature review
The limitations of this project lead to several items which I could not assess in the literature review.
Firstly, I did not collect or evaluate the deőnition of densiőcation or densiőcation measures in the
articles reviewed. For instance, I did not assess whether the review item focused on CA and only merely
touched densiőcation, whether they focused on population density or area density as density deőnition,
or whether they particularly looked at various forms of densiőcation processes or whether this was kept
as a general process.



8.5. Reflections on the chosen approach 88

Secondly, the review was limited to the two databases chosen, the search queries and the conceptual-
isation of the CM. The high counts of certain ET or CCA elements also relates to the search queries and
data set created, the results mirror the search queries and are biased in this regard. Moreover, to handle
the large number of results especially in relation to the ET, a machine learning algorithm was used.
Even though the review reports can be retrieved, this decision comes with the restraints of applying
such a tool.

Interviews
The results must be seen at the background of the case study, which is a municipality that is at the
forefront of aiming at and budgeting for sustainability in its spatial planning.
The interview sample is subject to a strong sampling bias as it included only a small number of
interviewees working in a few departments at the municipality of Amsterdam. Within the time at hand,
the semi-structured interviews enabled me nonetheless to explore the topic with a certain depth. Due to
time constraints, I could not ask all questions to each interviewee. The online setting of the interviews
was sufficient for this research project.
The interview participant sample could be extended to members of other spatial planning departments,
e.g. transport, health, education facility planning, as densiőcation ought to be seen and planned across
departments to prevent silo-thinking.

8.5.3. Data analysis
The data analysis strongly built on the CM: Via the CM, the themes were not only already part of the
development of the interview questions and the search strings, but also, the Codebook on the side of
the analysis of the collected data.
A major limitation of the Codebook is that even though the SI labels were based on Vanclay (2002) and
technically distinct, some of the labels were related, mainly through őrst or second order relationships.
Moreover, the number of labels/codes was high. Therefore, I encountered a challenging labelling
process: while it helped to discern future research areas if all individual social impacts are used, it was
challenging to be stringent in the labelling process.
With regards to the labels, I want to mention that the label "uncertainty" could have been assigned to
studies highlighting the uncertainty of climate or development scenarios. Even though uncertain CC
trajectories might usher residents to having feelings of uncertainty about the future, these did not őnd
way into many of the review items.
Next to the energy expenses impact, it would have been stringent to add an adaptation expenses impact.
However, this was left out due to time constraints. Similarly, next to the CCA policy impact, an ET
policy impact label could have been added.
The high scoring category of livability and the high scoring codes within the SIs livability and health
are not surprising if the location of densiőcation within the sphere of the built environment and the
prevalence also of "health" within the search strings are acknowledged.
In general, the frequency of labels in the coding process was limited by my capacity and positionality.
For instance, if the frequency of a label was increasing, I cannot preclude that this did not leave to
an exponential use of a label due to psychological prevalence effects, where a high frequency lead to
a conditioning and increased attention for the impact in question. This can have distorted the label
occurrence count.



Conclusion

In the őrst part of the conclusion I will summarise my main őndings answering the RQ and the SRQs. In the
second part I reŕect on my thesis as the őnal part of my studies in the IE programme at TU Delft and Leiden
University.

ÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐÐś

9.1. Summarising the őndings
At the background of the planetary boundaries and social foundations that comprise the safe and just
operating space deőned by Rockström et al. (2009) and revisited in Rockström et al. (2023), I set out to
explore the social impacts of urban densiőcation, CCA and the ET. I did this driven by the environmental
and social justice challenges that we are facing, trying to mitigate and to adapt to in this third decade of
the 21st century, to answer the RQ:

Which social impacts arise from simultaneous urban densification and climate action in the form of
climate change adaptation and the energy transition?

My intention was to contribute to a better understanding of the research gap and to provide an
overview of potential socio-technical system interdependencies between the envisaged urban transitions.
In my SRQs, I wanted to shed light on how the urban interventions usher in change processes leading to
social impacts to support future research and policymaking.

My results are able to answer the RQ and I summarise my őndings for SRQ 1 to SRQ 3 and then for SRQ 4.

SRQ 1: Which social impacts arising from the interdependencies of simultaneous urban densiőcation and climate
action-related transitions are explicitly and implicitly mentioned in literature?

SRQ 2: Which social impacts arising from the interdependencies of simultaneous urban densiőcation and climate
action-related transitions are perceived by policymakers?

SRQ 3: How does the perception of urban policymakers differ from or overlap with social impacts mentioned in
literature?

The analysis of my review data provides a broad knowledge base to answer SRQ 1. I looked at the explicit
and implicit mentioning of social impacts in academic literature, arising from the interdependencies.
These I identiőed as 1) the UHIE, heat and drought, 2) WATER: ŕood and rain, 3) mobility, 4) heating
and cooling, and 5) energy and electricity grid and sources. In the interviews I could collect perceptions
of urban policymakers in the Dutch capital of Amsterdam to answer SRQ 2. The city is currently
pursuing all three transitions in their urban policies and planning strategies. Striving to answer SRQ 3, I
could compare the results generated in my literature review with this case study on the level of broad
categories of social impacts - the SI - as well as on the individual social impact level. This was based
on the social impact understanding of Slootweg et al. (2001) and Vanclay (2002). The observation of
the individual social impacts helped to give an image of the origins of the prevalence or absence of the SIs.

Not surprisingly, livability impacts, physical and built environment properties are frequent in the
data. At the hand of the data collected, there is also a strong observation of health and economic
social impacts in scholarship and practice. However, health and economic impacts are more prevalent
than livability impacts in the perception of policymakers. In their perception, densiőcation and CA
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interventions often create economic, institutional or community impacts. These stand next to the
commonly stated impacts on health.
Institutional impacts and community relations are less frequently documented, while the observation
of cultural or gender impacts is almost absent from the current debate.

The policymakers also perceive expected beneőts or challenges of densiőcation in times of the
ET and CCA. Generally understood as beneőcial are the examples of multifunctionality, proximity or
transport accessibility. Property ownership and connected capacities and rights, urban inequality and
space competition are challenges frequently mentioned by the interviewees. While literature considers
urban inequalities and to a lesser extend ownership issues, space competition due to the physical
constraints of urban space is truly an issue inherent to the experiences of the interview participants.
Impacts on urban inequality, or urban inequality as a driver of impacts arising from densiőcation and
CA, are overarching in all themes.
The results also revealed that human behaviour, energy use and expenses, climatic and topographic
conditions are affecting the social impacts and infrastructures in the themes alike.

SRQ 4: Which are the main contextual factors mentioned with regards to these social impacts and what are the
implications for research and policymaking?

Future research should be guided by the observation of residents’ perceptions. I recommend the
combination of natural science and engineering approaches with social sciences to broaden the scope
from bio-physical processes to social change processes.
Nonetheless, this project enabled the identiőcation of accompanying policies and tools recommended
or requested from scholarship and policymaking. As some relate to data and modelling restrictions,
other requests are of legal or economic nature and are challenging to policymaking. The clariőcation
of property rights, provision of public transport, active land use management, or the provision of
accessible, affordable and available infrastructures and social services, the budgeting of development
not only in prime focus neighbourhoods, but also the surroundings, may challenge communities and
governance alike.

To conclude, my results align with the pool of positive and negative assessment of urban den-
siőcation that were brought forward and discussed already decades ago. The knowledge base compiles
literature contributing to the argument, that densiőcation planning requires a systems thinking
approach and good communication between stakeholders, researchers and policymakers. Additionally,
the social impacts arising from simultaneous densiőcation and CA are highly context driven and
require further research and accompanying policies in governance and policymaking. Densiőcation
can certainly not be seen as a silver bullet for urban development in times of climate action and needs to
be undertaken with the context at hand driving the discussion and informing decision-making to
prevent increased urban inequalities and to foster social unsustainability.

The results of this project can provide a foundation for future research and for the development
of strategies enabling densiőcation in times of CA which prevent societal, technological, infrastructural,
environmental or climatic lock-ins and which deliver socially sustainable urban development for current
residents and future (resident) generations.

9.2. Reflection
After this project, constituting the end of my time in the IE programme, I am proud of, grateful for and
happy about what I have learned. Systems thinking was the way to go, enabling the combination of
engineering, natural sciences and sociology to understand the social consequences of interventions in
the urban built environment.
However, as with many (urban) research projects, the sparring, brainstorming and skills team projects
have to offer, could help to bring the understanding and mitigation - or in the best case prevention - of
these challenges much further.
I hope to be able to continue working in this őeld and to bring these issues to the table. It was a
great experience that seeing things in perspective can lead to a solid termination of a thesis - and two
wonderfully fruitful years of studying IE.
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Appendix A

Conceptualisation

A.1. Vanclay’s SIs and individual social impacts

Table A.1: The social impact categories (SI) and individual social impacts of Vanclay (2002) applied in this project.

SI Components SI components

Health

actual health

livability

perception of crime and safety

health of family, personal loss of a family member perceived quality of the BE

well-being, mental health actual quality of the BE

perceived health disruption of daily living practices

nutrition leisure and recreation

positive/negative feelings leading to interest groups aesthetic quality of the BE

uncertainty environmental amenity value

aspirations for the future physical quality of housing

experience of stigmatisation homeliness, social quality of housing

annoyance, dissatisfaction, experience of outrage availability of housing facilities

autonomy adequacy of social infrastructure

actual crime and safety

10
8
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Table A.1 continued from previous page

SI Components SI components

SI components SI component

economic impacts

workload

indicative cultural
impacts

change in cultural values

standard of living/affluence cultural affrontage

access to public goods/services cultural integrity

access to government/social services cultural marginalisation

economic prospertiy/resilience profanisation of culture

income loss local language or dialect

property values loss natural/cultural heritage

occupational status

level of unemployment in the community

loss of employment options

replacement costs of environmental functions

economic dependency of vulnerability

disruption of local economy

burden of national debt

SI component SI component

family and
community

impacts

alterations of family structures

institutional,
legal, political

and equity
impacts

workload and viability of government or
formal agencies

change of sexual relations
workload and viability of non-government agencies
and informal agencies including community
organisations

obligations to living elders integrity of government and government agencies

family violence loss of tenure or legal rights

disruption of social networks loss of subsidiarity
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Table A.1 continued from previous page

SI Components SI components

changed demographic structure of
the community violation of human rights

community identiőcation and connection participation in decision-making

perceived and actual community cohesion access to legal procedures and to legal advice

social differentiation and inequity
impact equity (notions about fairness in the distri-
bution of impacts across the community

social tension and violence

SI components

gender relations

women’s physical integrity

personal autonomy of women

gendered division of production-oriented labour

gendered division of household labour

gendered division of reproductive labour

gender-based control over, and access to, resources
and services

equity of educational achievement between girls
and boys

political emancipation of women
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A.2. The densiőcation elements of Saaty and Dantzig
Table A.2 shows the densiőcation characteristics of Dantzig and Saty, 1973 in Bibri et al. (2020).

Table A.2: The densiőcation characteristics of Dantzig and Saaty, 1973, as displayed in Bibri et al. (2020).
Here, densiőcation is made up from urban form features, spatial features and social functions.

Urban form features Spatial features Social functions

high density settlements mixed land use social fairness
less dependence on automobile diversity of life self-sufficiency of daily life
clear boundary from surrounding areas clear identity independence of government

A.3. The ET Conceptualisation
Table A.3 shows the elements and sectors of the ET that I include in my scope for this transition.

Table A.3: OLD Understanding of the ET applied in this thesis. Separation into sectors of energy and
electricity use in the left columns and ET elements in the right column. The cells of the two columns are
not displayed with association to each other, but meant to give an overview of my approach to the term

and concept of ET. *ET sectors in (...) out of scope.

ET sectors
*(...) out of scope

ET elements

mobility urban electric and thermal energy generation (wind, solar, PV, thermal)
heating and cooling urban energy and electricity storage
(production, manu-
facturing, waste)* measures of use reduction and efficiency

amenities and services
(food and feed)* urban electricity and energy transport and charging infrastructure

(construction)* urban energy and electricity innovation technologies

A.4. The CCA Conceptualisation
Table A.4 provides an overview of the CCA understanding applied in this thesis.

Table A.4: Understanding of the CCA applied in this thesis. Separation into sectors in which CCA is
conducted in the left column and CCA elements in the right column. The cells of the two columns are
not displayed with association to each other, but meant to give an overview of my approach to the term

and concept of CCA. Based on the conceptualisation of C40 Cities
(https://www.c40.org/what-we-do/scaling-up-climate-action/adaptation-water/). The element of

thermal comfort includes the Urban Heat Island effect (UHIE, indoor and outdoor temperatures. These
are certainly related to each other. The distinction was nonetheless made to distinguish between studies

only considering individual aspects of urban temperature.

CCA sector CCA elements

management extreme events early warning system
thermal comfort cooling surfaces
ŕuvial/marine ŕoods river catchment (management)
pluvial ŕoods nature-based barriers
drought/freshwater/potable
water freshwater use (system) efficiency

-

extreme events emergency response
plan
tree cover and vegetation
(sustainable) drainage systems
artiőcial barriers
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Table A.4: Understanding of the CCA applied in this thesis. Separation into sectors in which CCA is
conducted in the left column and CCA elements in the right column. The cells of the two columns are
not displayed with association to each other, but meant to give an overview of my approach to the term

and concept of CCA. Based on the conceptualisation of C40 Cities
(https://www.c40.org/what-we-do/scaling-up-climate-action/adaptation-water/). The element of

thermal comfort includes the Urban Heat Island effect (UHIE, indoor and outdoor temperatures. These
are certainly related to each other. The distinction was nonetheless made to distinguish between studies

only considering individual aspects of urban temperature.

CCA sector CCA elements

treatment, recycling/re-use
improvements
social infrastructure and education
evapotranspiration

A.5. Social impact conceptualisation literature
This section includes the background literature of chapter 3. Each subsection aligns with one of the SI’s
of Vanclay. This literature is the base for őgure 3.1.

A.5.1. Health impacts
Actual health and mental well-being, nutrition, the perception of health - which in turn also affects
mental well-being - life uncertainty, dissatisfaction of engagement in interest groups are counted to
the health SI in the same way as an individual’s autonomy, aspirations for the future or experience
of stigmatisation. Reviewing literature on the inŕuence of a densiőed urban environment on human
health interlinks to a large extent with the other SI. The inter-connectivity of SI’s and how social
determinants contribute to human health was subject to the work of Jennings et al. (2016). This em-
phasises the need for urban planning policies that are aware of intersectionality and systemic approaches.

Urban form inŕuences human health and well-being, including physical and mental health (Nieuwen-
huĳsen, 2021; Kim and Yoo, 2019). Factors such as infrastructure, green spaces, neighborhood facilities,
and street environments contribute to physical health by promoting physical activity (Janeczko et
al., 2020; Kim and Yoo, 2019; Oliveira et al., 2022; Rissel et al., 2012). However, increased pedestrian
activity can also lead to pedestrian-vehicle collisions and accidents (Miranda-Moreno et al., 2011). The
presence and use of green or blue spaces, along with physical activity, are generally associated with
increased life satisfaction and well-being (Janeczko et al., 2020; Kim and Yoo, 2019; Kondo et al., 2018).
Noise negatively impacts well-being (Forssén et al., 2022; Moebus et al., 2020). Walkable distances
improve the autonomy and mobility of urban residents, particularly for elderly, children, low-income
groups, and women (Akinci et al., 2022; Cinderby et al., 2018; Mitra et al., 2021; Salon and Gulyani,
2010). However, the autonomy and travel choices of disabled residents are highly dependent on public
transport availability (Park et al., 2023). Walkable urban developments contribute to gender equality
in out-of-home activities (Lo and Houston, 2018). Mobility levels also impact access to amenities and
public services, indirectly affecting health (Jose et al., 2021; Salthammer and Morrison, 2022). Air
pollution and noise can negatively affect comfort, physical health, and mental well-being (Frontczak
and Wargocki, 2011; Guillerm and Cesari, 2015). Clean air is a human right, and its absence infringes on
human rights (Guillerm and Cesari, 2015).

Considering the exceptional circumstances in the wake of the SarsCoV-2 pandemic, Mouratidis
and Yiannakou (2022) discuss the complicated relationship of urban morphology and public health
during the year 2020. Their literature review highlights, that while urban density and population
proximity inŕuence virus transmission, the importance of safe public or individual transport, urban
green space for recreation, home unit size, access to facilities not only (directly, i.e. virus infection, or
indirectly, e.g. physical exercise) impact the physical health, but also are determinants of mental stress
(e.g. use of public transport perceived as dangerous) or well-being (creative outdoor social interaction
in neighbourhood communities). As Mouratidis (2022) summarised, the pandemic indirectly impacted
health and well-being through state measures, changed behaviour and emotional response. For instance,
residents of denser neighbourhoods participating in their survey reported a larger decrease of happiness
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during COVID-19 in comparison to the participants sampled from less dense neighbourhoods. Similarly,
residents living with higher access to transport reported an increase in anxiety to a larger extend than
the participants living in neighbourhoods with a smaller accessibility to public transport (Mouratidis,
2022, p. 7).

A major consequence of urban morphology, and especially the densiőed urban form, is the emergence
of the Urban Heat Island Effect (UHIE). Heat accumulation during the day through solar radiation
absorption, intra-surface reŕection, less evapotranspiration due to sealed, non-vegetated surfaces and
less fresh air corridors diminish diurnal and particularly nocturnal cooling. Especially pedestrians are
affected by daytime UHIE (Jamei et al., 2016). Next to pedestrians’ increased exposure to solar radiation,
pavements and their materials may highly inŕuence UHIE effects on pedestrians (Djekic et al., 2018)
The physiological experience of the surroundings is deőned as human thermal comfort. While cold
or moderate climates may adopt higher temperatures and thermal comfort levels through the UHIE,
adverse thermal comfort due to heat can lead to human heat stress. As a consequence, health, well-being
and productivity may decline (Parsons, 2019). Not only air temperature, but radiant temperature, air
velocity and humidity as well as clothing and the human metabolic rate/physical activity combined
cause a person to experience heat stress. The latter two make up the human disposition, the őrst four
the externally generated heat stress (Lundgren Kownacki et al., 2019; Parsons, 2019).
How a human reacts to the heat stress is highly dependent upon the individual’s pre-existing vulnerability
and adaptive capacity. Due to this, predictions on how heat stress affects productivity, health and
well-being of a human are not linear (Vanos et al., 2020). For example, Antoniadis et al. (2020) discuss
that schoolyard design may, even though adapted to an adult’s thermal comfort, be detrimental to
children’s thermal comfort as temperature, humidity and ventilation sensation of children differs from a
grown human.

On a large scale this complexity complicates reliable estimates of CC impacts. On an individual’s
scale, it can be assumed that excess heat diminishes human health, well-being and autonomy, especially
in the choice of mobility mode, the perception of quality of the living environment and its recreational
and leisure value, disrupts daily living practices to adapt to the heat, necessitates increased replacement
costs of environmental functions. Moreover, in the urban context (and to the largest extent excluding
conventional agricultural produce) second order impacts are created: decreased human productivity
(Lan et al., 2010) and increased replacement costs for health and environmental functions decrease
income as well as the standard of living.

Many intersectional factors can determine residents’ vulnerability and adaptability to heat. Amongst
these are the housing quality, such as indoor and outdoor shading, ventilation and insulation, the
affordability and availability of water, cooling devices as well as the electricity for such devices, and
knowledge of adaptation practices or the capacity to engage such practices (Maller & Strengers, 2011).
These factors can contribute to an exacerbation of existing urban inequality, i.e. social differentiation
and inequity. As Chakraborty et al. (2019) stated, there existed a correlation across 25 cities between
lower income and higher UHIE exposure. Comparatively, Mehrotra et al. (2018) describe a statistically
signiőcant clustering of slum urban form and high land surface temperatures. Overall, these social
disadvantages amount to the phenomenon of "thermal inequity" (for a discussion see Byrne et al. (2016),
Mitchell and Chakraborty (2015), and Mitchell and Chakraborty (2014)). In the worst case, the UHIE
can aggravate mortality (Wong et al., 2012).

Due to the UHIE, cities are facing double risks from a warming climate (Lemonsu et al., 2015).
Increased temperatures also infer increased pollution levels indoors and outdoors (Jose et al., 2021).
Groups with a lower level of capacity building for adaptive measures, such as lower access, availability
or affordability of energy for cooling may experience a promulgated risk of heat (Maller & Strengers,
2011). This also interacts with the ET, as energy sources and grids shift. But not only the UHIE has been
discussed as a link between CC and health. McGregor and Ren (2021) highlight that "[c]limate threats
[...] [infer] a range of possible health impacts including death, physical injury, heat-related illness, vector-
and water-borne disease and mental illness" (McGregor & Ren, 2021, p. 3). CA through the installation
of solar PV panels was reported to created adverse health impacts. In their study on panel residuals
and pollutants set free due to cracks, Osayemwenre and Osibote (2021) found that rainwater harvested
on rooftops with PV installations for which these reduced quality features were the case, led to toxins in
the collected water. This was in particular the case in low-income areas where quality and frequency of
repair were lower.
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The impact of densiőcation on individual autonomy and the autonomy of women is strongly connected
to the options of walkability and cyclability. Therefore, if the physical infrastructure quality facilitates
safe walking and cycling, residents’ autonomy and particularly the autonomy of women (Kabisch et al.,
2016) are strengthened. Overall, the accessibility also increases for other groups of lower mobility, such
as elderly or children (Cutts et al., 2009)
Several second order impacts arise from changed levels of autonomy. Employment opportunities
might increase, stabilizing income and the standard of living. Health and well-being can be affected
positively through increased physical and outdoor activities (Cutts et al., 2009). Social networks can be
strengthened if social network points are accessible more easily. This might increase safety and further
strengthen women’s autonomy and access to resources and services.

A.5.2. Quality of the built environment - Livability impacts
How Vanclay (2002) establishes the SI livability is shown in Table A.1 in Appendix A.1: the actual and
perceived, as well as the aesthetic quality of the built environment can be named as overlapping aspects.
In terms of housing, the physical quality, social quality and availability are considered. Building on
the social side of the urban fabric, the adequacy of social infrastructures, the disruption of daily living
practices and environmental amenity value as well as leisure and recreation are observed in this category.
Lastly, actual and perceived crime and safety are part of this group.

Urban morphology deőnes many components of urban climate and perceived or actual livability.
Amongst these are temperature, lighting, walkways, sense of security and many more. How facades,
ground ŕoors, roofs and heights of buildings are designed, occupied and maintained therefore has
signiőcant impact on the livability and perceived quality of the the built environment. Additionally,
how a neighbourhood infrastructure is laid out, accessible and how buildings are oriented towards
each other deőnes its livability. For instance, outdoor spaces become even more important in times of
heat: Indoor temperatures can be up to 50 % higher than outdoor temperatures (Lundgren Kownacki
et al., 2019). Street morphology and vertical obstruction of air ŕows were identiőed as beneőcial for
ventilation (Yola et al., 2021). Street canyons on the other hand increased air pollution levels (Hoshiko
et al., 2012). The recreational value and necessity of outdoor physical infrastructure is even higher if the
housing quality is poor and the residents’ capacity to engage in cooling measures is low. As Van Ryswyk
et al. (2019) pointed out, large green spaces in city centers positively affect temperature and pollution
level reduction in areas adjacent to the space.

Actual housing quality may be determined by the residents’ income group. Solomon et al. (2016)
found that pre-dominantly low-income groups face cumulative exposures and poor housing quality,
thereby re-conőrming adverse health, well-being and income status. Likewise, Kolokotsa and San-
tamouris (2015) reviewed studies on the inter-dependency of income, indoor living quality in cold
and heat seasons and energy consumption, health and indoor comfort. They concluded a correlation
between these and household income and location. This conclusion contributes to the assumption of
geo-spatial urban inequalities between socio-economic groups. They also őnd that low-cost heating
created adverse environmental effects, while in the summer months residents of such housing units
experiences discomfort and heat stress. In general, building envelopes, air and acoustic quality were
lower in these cases. Also Wargocki (2013) found that low income neighbourhoods had stronger
associations with dampness of the building envelope. In addition, indoor pollutant concentrations
in for these housing units were higher as they were more frequently located close to industrial sites
and traffic nodes. The association between low-income housing and contamination levels has already
been made more than 20 years ago by Mielck and Heinrich (2002). Poor quality housing exacerbating
social differentiation was also subject to the review of Howden-Chapman et al. (2023). They found that
differentiation of indigenous groups, ethnic minorities and income groups was also reŕected in housing
quality, especially in the public housing sector.

In their spatial analysis of survey data, Mouratidis and Yiannakou (2022) found a negative asso-
ciation of neighbourhood density with life satisfaction. In the comparison between residents of dense
and less dense areas, this negative association was larger for residents in dense neighbourhoods. Addi-
tionally, dense neighbourhoods lead to a large decline in leisure satisfaction of residents - the availability
of green space buffering this decrease. Dwellings of a larger size showed a positive association with life
satisfaction and residents’ happiness and proximity to amenities showed a positive correlation with
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personal relationships satisfaction during the SarsCoV-2 pandemic (Mouratidis & Yiannakou, 2022, p.
5-7).

Also where leisure and recreation and physical and social quality are concerned, the existence or
absence of green space is crucial. Green, public spaces embedded the physical urban fabric can have
positive associations with social cohesion, and may pose to be nudging outdoor activity especially for
disadvantaged groups wile decreasing the impacts of the UHIE and CC (Lauria, 2023). Urban green
space (UGS), sometimes deőned as urban green infrastructure (UGI, for instance Ignatieva and Mofrad
(2023)), fulőlls a central role in urban planning. If for socio-cultural, ecological or technological reasons
(see nature-based solutions, NBS) (Babí Almenar et al., 2021; Ignatieva & Mofrad, 2023), the effect of
green areas in cities has been recognised (see for instance Brindley et al. (2018) and Segura et al. (2022)).
The landscape structures and use of land falling under this deőnition are plenty. In their observation of
Canberra, Ignatieva and Mofrad (2023) established a typology comprised of 33 distinct UGS, making up
for 10 forms of UGI. While such a taxonomy is evidently context-speciőc, their work can be seen as an
example of the variety in UGS, UGI as well as their impacts.

In their inŕuential 2007 elaboration, Fuller et al. (2007) showed that psychological beneőts for urban
human residents increase with the richness of species in UGS. However, the argument has also been
raised that UGS and NBS need to be implemented and maintained with caution. Urban densiőcation
interventions ought to accommodate for sufficient urban green space as this generates higher quality
physical infrastructures, leading to positive health, well-being and recreational inŕuences (Cutts et al.,
2009; Fuller et al., 2007; N. C. d. Oliveira et al., 2022). Parks as recreational space has been reported
as contributing to the physical and mental well-being during the COVID-19 pandemic especially for
women (Toselli et al., 2022). However, this might also emphasise undesired outcomes such as increase
in pests or disease vectors. Also the risk of littering and vandalism need attention of accompanying
policies (Al-mosa et al., 2017).

Ownership and access to UGS and their beneőcial effects can be extremely disparate (Brindley et
al., 2018). For the World Health Organisation’s (WHO) European region, Schüle et al. (2019) pointed at
the suggestion of lower green space availability in socio-economically deprived urban areas. Similarly,
in their case study of Sheffield in the UK, Mears et al. (2019) showed that deprived areas showed an
association with lower quality of green spaces and higher crowding in these areas. But, in parallel, in
these areas favorable accessibility of green spaces existed, which underlines the important distinction
between green space access, quantity and (perceived) social or environmental quality. In their Chinese
case study, R. Wang et al. (2021) associated a neighbourhood’s socio-economic status, and in particular
changes in the socio-economic status, with green space quality. The quantity of green space in the study
area was less susceptible to the neighbourhoods’ socio-economic status.

Additionally, the perceived and actual safety in or accessibility to UGS for all population groups
needs to be kept in mind at an early planning stage. In two case studies, Ditton et al. (1983) and
Arnberger and Brandenburg (2007) reported that residents who perceived parks as overcrowded chose
to re-locate to other green spaces for recreational value - if they had the resources to do so. The social
value of public spaces may also be improved if CCA measures are undertaken (Foshag et al., 2020).

When ŕood risk prevention, biodiversity increase, UHIE mitigation, noise dimming and water quality
and storm drainage were taken into account, the socio-environmental net present value of green roofs
leads to a positive cost-beneőt analysis result Teotónio et al. (2018). From a systems thinking approach,
it is important to include the note of Bianchini and Hewage (2012), that the vast social cost share of
green roofs arises during manufacturing and commissioning. Therefore, attention to these contributing
factors needs to be paid during the design and construction of green roofs to keep monetary investments
for interested owners and communities low but social payback high. The social quality and sense of
community of residents has been described as independent from usage frequencies of public spaces
and amenities. Rather, the perceived quality of these surroundings was positively associated with the
social quality (Francis et al., 2012). In their review on green roofs and green walls, Teotónio et al. (2021),
looked at quantitative and qualitative studies. In these works, even if őnancial performances in terms of
costs and beneőts are low, the social and ecological beneőts were high. Air quality, aesthetics, noise
dimming, recreational space

Livability of the built environment is experienced distinctly also between age groups. Children,
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spending a high share of time outside when not at home or at school perceive public space, differently
than adults (Villanueva et al., 2016). Also the perception of safety differs amongst population groups.
In the case of open and green spaces, Rišová (2021) assessed the walking activity space of adolescent
binary gender groups and found that girls seemed to be active in a smaller radius than the boys’ group.
But not only did they move rather in higher proximity to the city center or adjacent streets, but also did
they - in contrast to the male group - show an activity distinction between daytime and nighttime hours.
This suggested a stronger feeling of safety during the day.

How and where a resident moves is also due to public space design and transportation networks. The
quality of the physical and social infrastructure is crucial for resident mobility patterns and daily routines.
Route choices, physical activity, crime perception and social interaction quality all may be subject to the
design of public space (Yang et al., 2019). Walkability is often deemed a central goal of densification.
Residents of all age groups react differently and move differently. Built environment features of walka-
bility have to be seen in context and adjusted to the demographic needs in the population (Z. Wang et al.,
2023; Zang et al., 2023). For instance, the inclusion of benches, fountains, restrooms and micro-mobility
services can change the livability perception of older and less active residents, especially for longer
distances and in times of extreme cold or heat (Zaffagnini et al., 2022). In suburban areas, motorised
vehicle reliance of older age groups reveals an interplay between (public) transport infrastructure
and vehicle ownership (Lord et al., 2011). In the case of Norwegian transport nodes, Knapskog et al.
(2019) concluded that measures reducing car accessibility and increasing walkable infrastructure would
increase walkability also in the neighbourhoods that surround established transport nodes. Finally,
transport accessibility as defined by Bok and Kwon (2016) "is characterized by the ease with which
inhabitants can reach means of transportation such as buses or metros."

Finally, Goel (2023) reflected on the gender gap in daily living practices, especially in mobility
patterns. The author concludes that significant gender and age gaps existed in day-to-day presence at
home. Many socio-demographic and -economic variables lead to a lower mobility of women.

A.5.3. Economic relations impacts
How Vanclay (2002) establishes the SI economic impacts is shown in Table A.1 in Appendix A.1. Next to
the standard of living, the employment options available and the dependent income and occupational
status, the economic resilience, dependence and workload are impacts within this category. Additionally,
the access to public or governmental goods and (social) services forms part of the economic impact
category. Lastly, property values as major factor for economic standing, the local and national economy
stability are considered.

As mentioned in subsection A.5.1, thermal stress can reduce human performance. As a consequence
thermal stress has impacts on the economic productivity of workers and may pose a financial risk factor
(Enander & Hygge, 1990; Lan et al., 2010; Parsons, 2019). Anticipating CC, an urban heat resilience
based on air conditioning should not be opted for. Instead, Moore et al. (2017) proposes the exploration
of natural ventilation to increase summer thermal comfort of residents on the one hand and to maintain
living expenses for electricity use on lower levels. However, as modelled by L. Liu et al. (2023), changes in
climate scenarios will disproportionately affect low latitudes due to increasing cooling energy demand.
Energy sectors in northern middle to high latitudes would experience "smaller and more variable
supply" (L. Liu et al., 2023, p.1), which would be alleviated by reduced heating demand in the colder
seasons in these areas. Their research underlines the importance of the consideration of local contexts -
but also the inequality in the consequences of CC. For this project I conclude that increases in energy
demand, for cooling as well as heating, stresses household incomes and standards of living.
In contrast to the effects of heat, Thomas et al. (2012) evaluate how floods may affect not only the health
of urban residents, but also can lead to loss of productivity and income at the household level. Indirectly,
this may propagate adverse impacts on health.

Looking at another aspect of CCA, the cost of drainage infrastructures was considered i.a. by
Seyedashraf et al. (2022). The authors found that environmentally sustainable urban drainage systems
might reproduce urban inequalities. This would especially be the case if spatial inequalities and the
spatial distribution of drainage infrastructure were not considered. They point out, that this was often
not the case as the main criteria in the planning of locations for such infrastructure was cost-effectiveness
and reliability. In their review, Kourtis and Tsihrintzis (2021), further emphasise the uncertainty of CC
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impacts on water management systems - which challenges the cost-accounting and resilience of such
systems in the future.
One of the major budget posts, urban drainage infrastructure is highly stressed due to urban form change
and CC. Urban drainage systems represent the most expensive capital investment in infrastructure in
cities and the most cost-effective in terms of socio-economic gain. Property values are subject to the
effectiveness or in-effectiveness of the drainage systems (Lund et al., 2019).

Like drainage systems does the cost-effectiveness of green space in urban areas fall under the
impact of CC scenarios. Especially the maintenance of such spaces requires őnancial upkeep. Their
height is difficult to predict for uncertain climate trajectories and exposes savings and public budgets
(Reu Junqueira et al., 2023). This fact deteriorates urban equality if the work of Kolimenakis et al. (2021)
is considered. The authors review research on the link between urban green space and socioeconomic
situation. They őnd that green space existence in urban areas can be decisive for property values. What
is more, green space would increase the welfare levels of the residents.

A household’s income level is detrimental. In the context at hand, the review of Levesque et al.
(2021) concludes that household income level changes affects the health of children and adolescents.
The socioeconomic status of households correlates, for instance, with physical and dental health

Next to a family’s ability to pay for education, income levels and affluence may determine a person’s
access to mobility options and urban transportation. This effect has been coined transportation poverty
or mobility poverty. In their case study for Bogotá, Guzman et al. (2017) concluded that socioeconomic
structure and income in an area affect the spatial distribution of transport infrastructure. Thereby,
transport mode availability inŕuences the accessibility to employment options and education in the city.
The effect of households’ incomes and standard of living is thereby two-fold: őrst, the ability to pay for
available transportation may decrease with lower incomes. second, this availability and existence of
transportation modes may itself depend on the area’s socio-economic standing. Similar results were
suggested by Furszyfer Del Rio et al. (2023). In their assessment of mobility as well as energy systems for
three case study countries, Ireland, the United Arab Emirates as well as Mexico, they found that equal
access to these systems was deőned by the height of the income. Also for the South Asian and Middle
East and North Africa (MENA) region cities, mobility mode choice behaviour of residents correlates
with socioeconomic status and vehicle ownership (Chaudhry et al., 2023).

How urban infrastructure transitions potentially impact access to public and government services
can be derived from the work of Ramaswami et al. (2021). The authors discuss the importance of
urban infrastructure transition agendas, such as smart city, compact city, electric mobility, nature-based
solutions, food-action, and climate adaptation planning. These agendas recognize that infrastructure
and land-use planning are interlinked and undertaken for households and businesses together. This
implies that the urban form and morphology can inŕuence the access to public and government services.
Moreover, they might affect the residents’ standard of living, and economic dependency.

Lastly, I want to name the őndings of Toboso-Chavero et al. (2021) to reŕect on the discrepancy
between CCM beneőts and residents’ preferences. In their case study they looked at Barcelona residents’
choices of rooftop usage. From the perspective of life-cycle carbon reduction potential, vegetable
production would have provided the largest potential, but residents referred to high energy prices. As
they struggled with the payments, their preference would be to generate energy or harvest rainwater
on rooftops, not to grow their own food. While not representative, this article sheds light on the gap
between economic and environmental cost-effectiveness and questions the awareness of urban planners
and science for residents’ struggles.

A.5.4. Culture relations impacts
As with the other SI’s the social impacts included into this category are the compiled in Appendix A.1.
They comprise cultural values, natural and cultural heritage loss. But also issues related to identity,
such as cultural integrity, marginalisation and profanisation. Language loss and cultural affrontage
might also arise in this SI.

In the broader perspective, many aspects of this SI are highly related to the inclusion or exclu-
sion (discrimination) of urban resident groups as well as changes in urban form affecting cultural values.
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In the general context of sustainability, Koutra et al. (2018) highlight the increasing awareness of
academia about CC and its impacts, generating demand for more sustainable and transparent tools and
systems. This awareness and the resulting changes in urban systems could lead to shifts in cultural
values towards more sustainable practices. On the other hand, this could potentially infringe on cultural
integrity if these shifts are not inclusive of all cultural groups or if they do not respect and preserve
cultural heritage.

In 2022, Z. Liu et al. (2022) discussed the importance of considering CC in the design of urban energy
systems. They highlight the need for robust systems that can provide stable power to consumers despite
the uncertainties of CC. This has implications for cultural values as stable power supply is crucial for
maintaining urban lifestyles and preserving cultural heritage sites that rely on electricity. Changes in
power stability could affect various cultural aspects, from the operation of cultural heritage sites to
everyday practices. These changes could potentially marginalize certain cultural practices or groups
that are heavily reliant on stable power supply.

Changes in building design and operation might alter the aesthetic and functional aspects of urban
landscapes. On the building level, Hosseini et al. (2022) emphasize the role of buildings in achieving
ŕexible and resilient urban energy solutions which are necessary for the ET. The authors argue that
accurate assessment of energy performance is necessary for CCA in urban areas. As building design
are an essential part of cultural aesthetics and landscapes, such changes could impact cultural values.
Additionally, this could lead to cultural marginalization if these changes do not take into account the
cultural signiőcance of certain urban forms or if they disproportionately affect certain cultural groups in
the urban sphere in question.
Likewise, Mauree et al. (2019) assess how CC can affect renewable energy generation, particularly wind,
hydropower, and solar energy. They suggest that the integration of renewable energy in urban areas
will provide new opportunities for urban energy systems. Moreover, Phelan et al. (2015) regard the
effects of urban climate and CC on energy systems and infrastructure. They suggest that decentralized
on-site energy production and use in urban areas could minimize energy transmission loss. These
interventions could lead to changes in urban landscapes, potentially impact cultural heritage sites and
thereby, impact cultural values and heritage.

A.5.5. Family and community impacts
How Vanclay (2002) establishes the SI family and community impacts is shown in Table A.1 in Appendix
A.1. Impacts in the sphere of family are alterations of family structures and sexual relations, obligations
to living elders or the occurrence of family violence. In the broader, community sphere, disruption of
social networks, changed demographics in the community, or the identiőcation with and connection to
this community, as well ass the perceived or actual community cohesion and social tension and violence
are part of this category. Lastly, social differentiation and inequity belongs to this group. In the analysis,
I draw a connection from this őnal impact to the SI category of institutional, legal, political and equity
impacts as social differentiation can have highly institutionalised roots based on intersectionality and
inequality.

Expanding the notion of access to mobility modes, given in subsection A.5.3, Böcker et al. (2017)
point out that the increased mobility of the elderly population has to be taken into account in urban
planning. The changed demographic structure of the community may lead to a second order impact for
the community. Increased levels of elderly mobility need to be considered in urban planning to prevent
social differentiation and inequity. Moreover, the need for support through family members and thereby
obligations to living elders might be decreased if the autonomy of elderly groups is maintained.

The impacts of transportation systems on neighbourhoods was also subject in the study of Nilsson
and Delmelle (2018). The authors call for a thorough consideration and necessary knowledge of
neighbourhood dynamics before the opening of a transit station. Such investments could lead to
stronger changes in socioeconomic and demographic constellations in lower-income or impoverished
neighbourhoods than in more affluent neighbourhoods. The social fabric would thereby experience a
higher probability of changes in already disadvantaged areas.

Social differentiation and inequity can also be increased due to low access levels to amenities and
public services. As Du et al. (2021) elaborate, the provision of amenities such as supermarkets, green
spaces, transport and walkable built environments is subject to spatial inequalities and socio-economic
disparities of ethnic, gender, income and age groups. In the context of urban green space, Dai (2011)
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concluded that urban inequality due to racial segregation lowered the access of African-American
resident neighbourhoods to urban green space in the USA. Also Juntti and Ozsezer-Kurnuc (2023)
őnd that urban planning, policy and establishment of urban nature does not affect urban residents
equally but correlates with complex relationships of inequality. An alleviation of this effect is subject of
Du and Zhang (2020). The authors suggest that a higher number of small green space patches may
increase social and economic equality in contrast to the effect that a few large green spaces may be able
to generate.
Within the realm of CCA, several relationships have been conceptualised: The association of ŕood
risk and susceptibility has been described by D’Aragon (2013) in their work on resilience building
amongst poor urban communities. D’Aragon (2013) concludes that the tendency of disadvantageous
locations of the land that is used by poor urban residents gives way for a higher susceptibility of ŕood
risks related to insufficient drainage as well as unsafe potable water conditions in low-lying areas.
Similarly, Machairas and van de Ven (2023) zoomed into the relationship between groundwater and
social differentiation. They stated that next to land use and monumental locations, low income may
contribute to the vulnerability to groundwater droughts in the Netherlands. Finally the studies of
Mobini et al. (2020) and Cea and Costabile (2022) highlight inequalities in the link between ŕood risks
and ŕood consequences and social inequality and differentiation.

Another subject to social differentiation may be households affected by energy poverty. As SDG
7 aims at access to affordable, reliable and modern energy for all, the phenomenon of energy poverty
may be deőned by whether the necessary energy can be afforded with the income at hand. The simplest
manifestation may lie in the ability to pay for energy bills due to energy prices. Another aspect is whether
the home is of good energetic quality (reducing heating or cooling costs) or renewable energy sources
are accessible (Bouzarovski, 2014; International Energy Association (IEA), 2021; Primc & Slabe-Erker,
2020). If residential location is associated with housing stock quality, this can increase energy bills for the
tenants and even determine inequalities between communities if lower income households are pushed
to make residential choices in line with energy affordability (Großmann et al., 2014). Households with
lower income and educational levels may be more susceptible to energy poverty (Best & Sinha, 2021; Xie
et al., 2022).

In the case of the Netherlands, Mulder et al. (2023) found that the income level determines the
participation in the energy transition. Next to this, the housing stock might be of reduced quality. The
authors őnd that especially tenants and low-wealth/-income home owners from the participation in the
energy transition. Residents who are not homeowners are not reached by public subsidies which aim at
the upgrade of housing quality. As a result, energy poverty may lead to other social impacts, such as
health issues, debt, and loneliness when energy poverty leads to social exclusion and differentiation
(Mulder et al., 2023).

How social quality is inŕuenced through built structures has been a topic in urban design and
planning for decades (Dempsey, 2008). Communities in neighbourhoods and how social cohesion
and sense of community may be fostered or distorted is of interest in many őelds (the same counts for
"livability" of the built environment) (Dempsey, 2008). Which urban design elements are fostering social
sustainability in urban renewal has been the subject of a survey in Yıldız et al. (2020). In general, the
multi-functionality, walkability, lower commuting times associated with densiőed urban development
may be beneőcial to social interaction. Multi-functionality and walking may create spaces for interaction
of various social groups, and shortened travel times might open up recreational activities and caring for
social relationships in communities. This has been promoted in the New Urbanist paradigm (Mazumdar
et al., 2018). However, the outcome is highly complex and, also driven by the residents itself. Increased
social interaction might on the downside also increase social friction, tension or even crime (Mazumdar
et al., 2018).

Not at least the COVID-19 pandemic exposed the vulnerabilities of population groups that are
more inclined to stay at home. If social norms (or social or health restrictions) bind a person to the home,
one of the potential consequences may be a stronger social differentiation and community disconnect.
Other impacts might affect the resident’s health, well-being (Marroquín et al., 2020) or participation in
decision-making processes. For vulnerable groups subjected to violence, staying at home may increase
the risk to be subject of violence (Kaukinen, 2020; Piquero et al., 2020).
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Lastly, the impacts of energy prices and CCA, especially in hotter climates might reduce the
individual’s thermal comfort. These impacts give reason to believe that outdoor social interaction may
strengthen community connect, residents’ health, and social quality and networks.

A.5.6. Institutional, legal, political and equity impacts
How Vanclay (2002) establishes the SI health is shown in Table A.1 in Appendix A.1: This category
includes the workload and viability of (non- or) government agencies or informal agencies, and commu-
nity organisations, as well as the integrity of government and government agencies. Access to legal
procedures and advice or the loss of tenure, legal rights or subsidiarity and the violation of human
rights are accounted for in this SI. Participation in decision-making and the notions about fairness in
the distributions of impacts across the community ("impact equity") are part of the institutional, legal,
political and equity SI.

The impact capacity of public participation in urban planning procedures and vice versa, the im-
pact of urban planning processes on the ability to participate in decision-making processes has been
described as largely dependent on personal traits and socio-economic characteristics (Solitare, 2005).
Considering that public participation processes require resources and commitment from government
agencies and public alike, participation in decision-making can only happen where these resources exist.
Indoor heat stress has been described as unequally affecting socio-demographic groups, inhibiting their
participation (Lundgren Kownacki et al., 2019).
Notions about the fairness and equity of urban planning interventions are largely connected to the
opportunity of participation in decision-making as well as the general trust and the planning agency.
Cooperative planning with the inclusion of affected citizens has also been assessed as more likely to
lead to urban planning interventions in the public interest (Gunton & Day, 2003). Planning bias (or
estimated planning bias) can vastly hamper the perception of an urban development as equitable.
Finally, Levine (2017) explored the crucial power capacity of public participation meeting. Their őndings
claim that even though the number of community meetings in neighbourhoods are high, this in frequent
cases merely suggests power. The actual decision-making capacity in the observation at hand still lay
with the authority officials. Therefore, these increased numbers of neighbourhood meetings in this
context were only leading to pretended decision-making power due to citizen participation. As this is
highly context-speciőc and cannot be generalised, the circumstances of each case need to be assessed
and the actual contribution due to public participation monitored.

A.5.7. Gender relations impacts
How Vanclay (2002) establishes the SI gender relations is shown in Table A.1 in Appendix A.1: next to
women’s physical integrity, personal autonomy and political emancipation, the equity of educational
achievement between girls and boys is a component to this SI. The gendered division of production-
oriented labour, household labour, reproductive labour as well as the gender-based control over and
access to resources and services are part of this SI.
I want to make the disclaimer that due to the availability of time and literature I have to base this SI on a
binary gender understanding.

Linked with the SI livability, female leisure time is designed differently than the leisure activities
of males. Male study participants reported a higher frequency of physical activity during leisure time.
This included the use and appropriation of public space (Castro-Carvajal et al., 2008). In addition to
these preferences, the lack of time to practice physical activity during leisure times posed an impediment
to female recreation. In contrast to male participants, women’s outdoor activities did not show a
correlation with green space percentages and number of benches in a neighbourhood (Akinci et al., 2021).
Importantly, for their case study in China, Xiong (2019) could discern a potential positive relationship
between outdoor exercise space constructed for women and health, well-being, social network formation,
participation and autonomy of female users.

In terms of the gendered division of household and reproductive labour, Scheiner (2016) and Oakil
et al. (2016) investigated the link between gender, care-work and commuting behaviour. Scheiner (2016)
identiőed a disproportionate difference in the carrying of escorting behaviour of school children (even
though adolescents in urban areas had been identiőed as more independent than adolescents in rural
areas). In larger cities, fathers took on more escorting tasks. In the study of Oakil et al. (2016), a tendency
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of female rush hour travel was described. The reason for higher rush hour participation of women in the
mornings were household activities and child chauffeuring. In the afternoons, childcare activities pushed
women to commute during rush hours. This gendered commuting behaviour suggests several second or-
der impacts, such as increased travel price, discomfort during the trip or decreased autonomy of women.
In particular speciőed for heterosexual relationships, Gil Solá (2016) reported household "contracts"
which may inŕuence the implications of work travel for the members of the household, depending on the
mutual perception of the relationship. The importance of gendered mobility planning was raised by Por-
razzo et al. (2022). They found that non-gendered urban planning, as well as the assumption of equality
alone may pose a barrier to gender sensitive mobility planning and eventually increase gender inequality.

Stark and Meschik (2018) concluded that a high share of women is faced with frightening situa-
tions, i.e. situations causing fear and/or harassment, in their daily routines. For this reason, women may
constrain their travel behaviour. This conclusion can be interpreted as the inŕuence of perceived or actual
safety of women on mobility choices, and thereby diminishing female autonomy, increasing daily routine
disruption and lastly, gender inequality. Overlapping with social stigmatisation and cultural marginali-
sation, Johnson and Miles (2014) assessed public transport access and walkability from the standpoint
of female residents who are wearing Islamic headscarves. In neighbourhoods with a higher number
of other female residents also carrying headscarves for religious reasons, as well as in areas with bet-
ter lighting and openness of space, the study participants reported a larger participation in the public life.

Cultural tendencies of women to stay within the home also inŕuence their health and vulnerabil-
ity. For the case of heat and thermal comfort, Neumayer and Plümper (2007) depicted that everyday
social norms and the family’s socioeconomic status were detrimental. Such gendered immobility
increased natural disaster and thermal discomfort susceptibility.
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B.3. Inclusion and exclusion criteria
Overview of inclusion and exclusion criteria applied.
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B.4. Author-centric data set
Supplementary information:

• Literature review items: excel őle Workbook AppendixB.4.AuthorCentricDataSet

Table B.1: Publication years, authors and titles of the collected literature review items.

Publication
Year

Author Title

2014

Adachi, Sachiho A.; Kimura,
Fujio; Kusaka, Hiroyuki; Duda, Michael G.;
Yamagata, Yoshiki; Seya, Hajime;
Nakamichi, Kumiko; Aoyagi, Toshinori

Moderation of Summertime Heat Island Phenomena via
Modiőcation of the Urban Form in the
Tokyo Metropolitan Area

2015
Adetokunbo, Ilesanmi;
Emeka, Mgbemena Urbanization, Housing, Homelessness and Climate Change

2019
Ahmadian, Ehsan; Byrd, Hugh;
Sodagar, Behzad; Matthewman,
Steve; Kenney, Christine; Mills, Glen

Energy and the form of cities: the counterintuitive
impact of disruptive technologies

2022

Allan, J.; Eggimann, S.;
Wagner, M.; Ho, Y.N.;
Züger, M.; Schneider, U.;
Orehounig, K.

Operational and embodied emissions associated with
urban neighbourhood densiőcation strategies

2012 Arnberger, Arne
Urban Densiőcation and Recreational Quality of
Public Urban Green SpacesÐA Viennese Case Study

2023
Back, Y.; Kumar, P.; Bach, P.M.;
Rauch, W.; Kleidorfer, M.

Integrating CFD-GIS modelling to reőne urban heat
and thermal comfort assessment

2022
Bakhshoodeh, Reza;
Ocampo, Carlos; Oldham, Carolyn

Exploring the evapotranspirative cooling effect of
a green façade

2019
Barbosa, G.S.; Drach, P.R.C.;
Corbella, O.D.

Intraurban temperature variations: Urban morphologies
of the densiőcation process of copacabana neighborhood,
Brazil
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Table B.1 continued from previous page

2019
Belcher, R.N.; Suen, E.; Menz, S.;
Schroepfer, T.

Shared landscapes increase condominium unit
selling price in a high-density city

2016 Bobylev, N.
Underground space as an urban indicator:
Measuring use of subsurface

2023
Brom, P.; Engemann, K.; Breed, C.;
Pasgaard, M.; Onaolapo, T.;
Svenning, J.-C.

A Decision Support Tool for Green Infrastructure
Planning in the Face of Rapid Urbanization

2020

Bruwier, Martin; Maravat, Claire;
Mustafa, Ahmed; Teller, Jacques;
Pirotton, Michel; Erpicum, Sébastien;
Archambeau, Pierre; Dewals, Benjamin

Inŕuence of urban forms on surface ŕow
in urban pluvial ŕooding

2020
Butters, Chris; Cheshmehzangi,
Ali; Sassi, Paola

CITIES, ENERGY AND CLIMATE:
SEVEN REASONS TO QUESTION
THE DENSE HIGH-RISE CITY

2012 Byrd, H.; Ho, A.
Transport energy and city density: A case study
of how renewable energy can reverse the curve

2013
Byrd, H.; Ho, A.; Sharp, B.;
Kumar-Nair, N.

Measuring the solar potential of a city and its
implications for energy policy

2016
Byrne, J.; Ambrey, C.;
Portanger, C.; Lo, A.; Matthews, T.;
Baker, D.; Davison, A.

Could urban greening mitigate suburban thermal inequity?:
The role of residents’ dispositions and household practices

2013 Clark, T.A.
Metropolitan density, energy efficiency and carbon emissions:
Multi-attribute tradeoffs and their policy implications

2001 Cooper, J.; Ryley, T.; Smyth, A.
Energy trade-offs and market responses in transport and
residential land-use patterns: Promoting sustainable
development policy

2020 Delgado-Capel, M.; Cariñanos, P.
Towards a standard framework to identify green infrastructure
key elements in dense mediterranean cities

2023
Deng, X.; Cao, Q.; Wang, L.;
Wang, W.; Wang, S.; Wang, S.;
Wang, L.

Characterizing urban densiőcation and quantifying its effects
on urban thermal environments and human thermal comfort
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Table B.1 continued from previous page

2018
Duy, P.N.; Chapman, L.; Tight, M.;
Linh, P.N.; Thuong, L.V.

Increasing vulnerability to ŕoods in new development areas:
evidence from Ho Chi Minh City

2023
Erlwein, Sabrina; Meister Juliane;
Wamsler, Christine; Pauleit, Stephan

Governance of densiőcation and climate change adaptation:
How can conŕicting demands for housing and greening
in cities be reconciled?

2021 Erlwein, Sabrina; Pauleit,Stephan
Trade-Offs between Urban Green Space and Densiőcation:
Balancing Outdoor Thermal Comfort, Mobility, and
Housing Demand

2018
Everett, G.; Lamond, J.e.;
Morzillo, A.t.; Matsler, A.m.;
Chan, F.k.s.

Delivering Green Streets: an exploration of changing
perceptions and behaviours over time around bioswales
in Portland, Oregon

2022
Fassbender, E.; Ludwig, F.;
Hild, A.; Auer, T.; Hemmerle, C.

Designing Transformation: Negotiating Solar and Green Strategies
for the Sustainable Densiőcation of Urban Neighbourhoods

2022

Fitobór, K.; Ulańczyk, R.;
Kołecka, K.; Ramm, K.; Włodarek, I.;
Zima, P.; Kalinowska, D.; Wielgat, P.;
Mikulska, M.; Antończyk, D.;
Krzaczkowski, K.; Łyszyk, R.;
Gajewska, M.

Extreme weather layer method for implementation of
nature-based solutions for climate adaptation:
Case study Słupsk

2023 Gadish, I.; Saaroni, H.; Pearlmutter, D.
A predictive analysis of thermal stress in a densifying
urban business district under summer daytime
conditions in a Mediterranean City

2018
Govehovitch, Benjamin;
Giroux-Julien, Stéphanie;
Peyrol, Éric; Ménézo, Christophe

Building Integrated Photovoltaic (PV) Systems: Energy Production
Modeling in Urban Environment

2021 Grunwald, Laura; Weber, Stephan
Inŕuence of urban land-use change on cold-air path
occurrence and spatial distribution

2005 Holden, E.; Norland, I.T.
Three challenges for the compact city as a sustainable urban form:
Household consumption of energy and transport in eight
residential areas in the Greater Oslo Region
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Table B.1 continued from previous page

2021
Juan, Yu-Hsuan; Wen, Chih-Yung;
Li, Zhengtong; Yang, An-Shik

Impacts of urban morphology on improving urban
wind energy potential for generic high-rise building arrays

2021

Kabisch, N.; Kraemer, R.; Brenck, M. E.;
Haase, D.; Lausch, A.;
Luttkus, M. L.; Mueller, T.; Remmler, P.;
von Döhren, P.; Voigtländer, J.;
Bumberger, J.

A methodological framework for the assessment of regulating
and recreational ecosystem services in urban parks under
heat and drought conditions

2022
Kang, Seungwon; Lee, Dalbyul;
Park, Jiyong; Jung, Juchul

Exploring Urban Forms Vulnerable to Urban Heat Islands:
A Multiscale Analysis

2020 Kaza, N. Urban form and transportation energy consumption
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Supplementary information:

• excel őle Workbook AppendixB.5.1 for stated impacts
• excel őle Workbook Appendix B.5.2. for reasoned impacts
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C.4. Interview summaries
Supplementary information:

• Appendix C.4-Summaries-interviews

C.4.1. Participant D
C.4.2. Participant E
C.4.3. Participant F
C.4.4. Participant G
C.4.5. Participant H
C.4.6. Participant I
C.4.7. Participant J
C.4.8. Participant K
C.4.9. Participant L



Appendix D

AMS-region results and Amsterdam densiőcation
locations

D.1. Ams-region results on individual social impact level

Table D.1: Prevalent individual social impacts per theme stated in the literature review, reduced to the AMS-region (ranked by frequency). The total stated
number of quotations in this theme is given in the top row.

electricity and energy
sources and grid

14 quotations

heating and cooling
26 quotations

mobility
26 quotations

UHIE,
heat, drought

Top 52
of 75 quotations

WATER,
ŕood and rain
18 quotations

energy expenses (4) well being (5)
leisure &
recreation (5) well being (14)

physical
infrastructure (4)

econ dependency
& vulnerability (2) energy expenses (4)

social
differentiation (3) actual health (8) actual health (2)

physical
infrastructure (2) actual health (2)

access public
services (2)

environmental
amenty value (8) actual quality (2)

cultural values (1) housing quality (2)
employment
options (2)

physical
infrastructure (8)

environmental
amenty value (2)

econ prosperity
& resilience (1)

social
differentiation (2) living standard (2) energy expenses (6) actual safety (1)

15
3
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Table D.1 continued from previous page

living standard (1) actual quality (1) well-being (2) actual quality (5)
econ prosperity
& resilience (1)

perceived health (1) autonomy (1) actual health (1)
social
differentiation (3)

leisure &
recreation (1)

social
differentiation (1) cultural values (1) actual quality (1)

participation
decisionmaking (1)

well being (1)
econ dependency
& vulnerability (1) cultural values (1)

replacement
environmental
functions (1)

income (1)
environmental
amenty
value (1)

social
infrastructure (1)

living standard (1) family health, loss (1)
social network
disruption (1)

perceived health (1) perceived health (1) well-being (1)
physical
infrastructure (2) routine disruption (1)

routine disruption (1) social infrastructure (1)
social network
(disruption) (1)
social quality (1)

Table D.2: Prevalent individual social impacts per theme reasoned from the literature review, reduced to the AMS-region (ranked by frequency). The total
stated number of quotations in this theme is given in the top row.

electricity and
energy sources

and grid
-no quotations-

heating and cooling
Top 28

of 43 quotations

mobility
25 quotations

UHIE, heat, drought
Top 39

of 51 quotations

WATER,
ŕood and rain
10 quotations

actual health (6) autonomy (3) well-being (10) actual health (2)

living standard (5) actual health (3) actual-health (9)
environmental
amenty value (2)

social
differentiation (5)

social
differentiation (3)

social
differentiation (4) actual quality (1)
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Table D.2 continued from previous page

well-being (5)
access
government
services (2)

social quality (4) actual safety (1)

social quality (4)
leisure &
recreation (2) living standard (3)

government
workload viability (1)

autonomy (3) routine disruption (2)
perception
quality (3)

local economic
disruption (1)

access public
services (1) actual quality (2) property value (1)

aesthetic quality (1) aesthetic quality (2) well-being (1)

cultural values (1)
econ dependency
& vulnerability (2)

gendered
resource access (1)
government
integrity (1)
income (1)
living standard (1)
perceived health (1)
physical
infrastructure (1)
replacement
environmental
functions (1)



D.2. The densiőcation variants locations in Amsterdam mapped 156

D.2. The densiőcation variants locations in Amsterdam mapped
Higher quality resolution of the images can be viewed at: https://www.amsterdam.nl/wonen-leefomgeving/
ontwikkelstrategie-2035/

Figure D.1: The New Neighbourhoods variant in the densiőcation strategy of Amsterdam, March 2023
(Gemeente Amsterdam, 2023k).
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Figure D.2: The Station quaters and transport lanes variant in the densiőcation strategy of Amsterdam,
March 2023 (Gemeente Amsterdam, 2023k).
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Figure D.3: The Neighbourhood centers variant in the densiőcation strategy of Amsterdam, March
2023 (Gemeente Amsterdam, 2023k).
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Figure D.4: The Existing Neighbourhood development variant in the densiőcation strategy of
Amsterdam, March 2023 (Gemeente Amsterdam, 2023k).



Appendix E

Quotation Examples

This appendix shows the illustrated examples from literature and the interview in the context of the őve
themes in full text.

E.1. The UHIE, heat, drought
Well-being and actual health in both perspectives
Venter et al. (2023, p. 5) call for the observation of existing urban inequalities in densiőcation
developments. Access to green space and exposure to air pollution and solar radiation in their case
study Oslo are correlating with income groups. Densiőcation not accounting for these inequalities may
increase adverse CC consequences and should therefore be part of CCA risk plans.
Densiőcation impacts urban temperatures, the actual quality of the built environment and housing
structures and thereby, well-being and health.
As Brom et al. (2023, p. 12) stated,

"the most built-up areas (city center and informal settlements) were the hottest and were negatively
scored by the heat-map against the mean."

Nonetheless, amongst the literature data set there were also indications of densiőcation having the
ability to lower the UHIE. For instance Kang et al. (2022, p. 13) found that

"[i]n terms of city size and aggregation, compact urban forms increase the urban heat island effect, but
compact urban forms in terms of connectivity have resulted in alleviating the [UHIE]."

Also Gadish et al. (2023, p.12) found that increased building heights that deepen street canyons might
lower the UHIE through the shading that is provided. In their study this effect was shown despite the
parallel consequences of smaller wind speeds and increased mid-day air temperature. This affect they
connect in particular to the sensation of heat stress by pedestrians.
A thorough discussion on the potential outcomes of intensive urban densiőcation on outdoor tempera-
tures and wind speeds can be found with Deng et al. (2023). Their study provides a detailed analysis
on the complex relationships between building density and heights and wind speeds and diurnal and
nocturnal temperatures. The authors found that even if daytime temperatures may be decreased, heat
stress may still be signiőcant due to decreased wind speeds at 10 m above ground levels (Deng et al.,
2023). Additionally, Erlwein and Pauleit (2021) elaborate, that an open building arrangement, enabling
air ŕows into the built-up block is more effective, than increasing open sky views. In combination with
additional shading by increased building heights, this can lower short-wave radiation and improve the
residents’ thermal comfort. Barbosa et al. (2019, p. 15) add that the "standardization of volumetry" of
the buildings contributes to impermeability of the urban fabric for ventilation while the model of Back
et al. (2023) emphasises the observation of major wind directions.
Well-being of urban residents may beneőt from densiőcation developments if the process leads to the
inclusion of small green spaces. In their study of Mediterranean cities, they highlight the positive
impacts on well-being, equity and biodiversity that pocket parks, agglomeration of trees on pedestrian
routes and small squares may provide to residents and ecosystems.
Byrne et al. (2016) accentuate the variability of heat stress on distinct socio-demographic groups and the
needs and well-being of vulnerable groups at home. Where thermal inequity emerges, green urban
development might beneőt these strata. Also Belcher et al. (2019) identify green areas, in this case

160
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vertical greenery as non-monetary ecosystem services, that manifest in monetary reduction of energy
bills for cooling.
Finally, like Brom et al. (2023), Lemonsu et al. (2015) make the signiőcant remark, that the overlap of
high population density and high built up areas and UHIE intensity in urban centers increases these
areas’ vulnerability. Particularly nocturnal and diurnal amplitudes of the UHIE should be observed by
policymakers and planners.

Heat stress was raised in connection to the competition for space by participant K. The implementation
of UHIE prevention had been voluntary in new developments, despite the shading, cooling, water
storage and biodiversity beneőts. The participant criticises this in particular with regard to the actual
and mental health impacts of plants and trees and resulting CCA (C.4.8, ID 8, ID 19). This warning
was emphasised by the positive impact of green space for residents’ mental health visible during the
SarS-CoV-2 pandemic (C.4.8, ID 7).

Participant G visualises the complexity of densiőcation:

"For example, for adaptation it can be good if you have high buildings it creates a lot of shades so it’s
[densiőcation is] not always a negative thing for climate adaptation, it can also have some positive

effects as well. [...] But it’s also more stone. Like if you have a park before within the city and you turn it
into houses, it also takes away a cool place where people can go to who seek shade. [Also,] if you őrst
you didn’t have any stones, now you have stones, it is more difficult to inőltrate water and you can also

create more problems." (C.4.4, ID 3).

The creation of heat problems by densiőcation was "a big risk", seen by G, which the municipality "tr[ied]
to tackle it by getting more green into the city and it’s a real opposite of course from the densiőcation
that all the places that are left are taken in by new buildings." The respondent urges that it was necessary
to "make sure that there’s open space left to cool the city down. [...] [I]f you don’t have space, take
other measures, for example, green on the roofs or green facades" (C.4.4, ID 10). A warning to not
create adverse impacts was issued by the same respondent at the example of the transformation of
former industrial areas to residential areas: "You have to take into account whether you create other
risks, especially if you are in an industrial area and there’s mostly a lot of stone. If you are creating
houses you need to do it without creating more risks for overheating, or drought or the other themes [of
CC]" (C.4.4, ID 3). The alterations that densiőcation infers on air corridors, ventilation and the resulting
thermal quality was discussed by respondent G. Referring to Buikslotersham, a Northern Amsterdam
neighbourhood which has been under development from a former harbour and industrial area to an
area with a majority of residential use, G states the diverging impact of air corridors, which may be due
to building orientation. In hot weather, residents might experience this as refreshing, in cold or windy
conditions, residential comfort may be diminished (C.4.4, ID 11).

Physical infrastructure and environmental amenity value in literature
Giving further attention to the effect between buildings, P. Wang et al. (2021) call for more attention of
researchers to the topic to keep energy performances of buildings and thermal comfort of residents
in balance. On the individual building layer, Ahmadian et al. (2019) concludes the easily accessible
measure of cross-ventilation for cooling.
The impact of street trees is important and was raised as one of the environmental amenity values. The
cooling effect of trees and other green areas on air and surface temperature, increasing the thermal
comfort of urban residents in the wake of CC (in particular pedestrians) has been widely described
(Back et al., 2023; A. Oliveira et al., 2021; Ren et al., 2012; Salonen et al., 2022; Segura et al., 2022; Stone
et al., 2010). Through their provision of shading and transpiring cooling, Segura et al. (2022) term street
trees as "an important driver of street micro-climate [... and providing] key mechanisms for improving
thermal comfort in urban areas" (Segura et al., 2022, p. 1). Reviewing works of the past ten years, the
authors discuss the difficulty and variability of modelling the potential of street trees to cool urban
street canyons. The trees’ cooling effect depends on "the canyon geometry and sun-orientation, the
local meteorological conditions, the geographic setting of the city, the amount of tree canopy covering
the canyon ŕoor and distribution, tree typology, the water availability for trees and the tree health
condition" (Segura et al., 2022, p. 2). The authors also point out, that the effect of street trees differs from
the effect of trees in urban parks and green patches, making it necessary to differentiate between studies
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on trees’ effects. Considering the shading and evapotranspiration provided by tree canopies, Loibl et al.
(2021) emphasised the cooling potential especially were buildings are moderately increased, leading to
higher sun-exposure of facades in densiőcation scenarios. Thus, the authors recommend to

focus urban greening on street levels, "in order to increase evaporation and humidity, as well as
decrease heat exposure through shading" (Loibl et al., 2021, p. 20).

Referring to the tree typology, Back et al. (2023) show that the height of trees is important: The higher
the tree, air ŕow increases while air temperatures decrease.
In terms of residents’ perceptions, Byrne et al. (2016) reported respondents’ high levels of perception
of shade provision and temperature reduction as health contribution of trees. Despite a reported
impression of disadvantageous maintenance costs of street trees, the authors recommend street trees
amongst other forms of urban green infrastructures as policy response to the UHIE.

Leisure and recreation in the interviews
Participant D draws the attention to the impact of street trees on temperature reduction in areas with
little green space and many built structures (C.4.1, ID 16). Looking at two distinct neighbourhoods of
Amsterdam from above, the participant emphasises the quality beneőts of green space for the eco-system
as well as for the urban climate. They state that trees can have cooling effects of evapotranspiration,
parks may offer social areas, but (potentially private) grass lawns are used less in absolute numbers
than parks and do not provide ecosystem services as high as, for instance, trees. Participant L raises
the social aspect of green space use, identifying a social differentiation in who has the ability to reach
recreational areas outside the city. For this reason, green space areas would need to be incorporated
into the urban fabric ’in front of your doorstep’. This could provide a more equal access to green space
(C.4.9, ID 22). On the macro scale, respondent D features densiőcation of existing urban environments
as a tool to enable reforestation outside of city areas.

E.2. WATER, flood and rain
Physical infrastructure and economic prosperity in literature
The location of densiőcation developments is crucial at the outlook of ŕood vulnerability. Duy et al.
(2018) exemplify this in their study on Ho Chi Minh City. This was related to poor observation of
altitude knowledge in urban drainage systems. Adaptive measures cannot keep up with damages in
ŕood prone development areas of the low-lying city. In their assessment of diverse CA interventions in
public spaces across European cities, Ricart et al. (2022, p. 20) made the observation, that

"[...] there is a lack of attention to landscaping promotion, while water management attributes are
limited to runoff control and water surplus issues."

But already the mere increase of sealed surfaces lead to higher pluvial ŕooding exposures in CC
scenarios. In the comparative study of Skougaard Kaspersen et al. (2017), the increase of impervious
surfaces in four European cities lay between 7 to 12 % in the past 30 years of their development.
Increasing densiőcation might amplify this issue. On the other hand, Z. Zhang et al. (2023) used the
examples of Hong Kong, Miami and Jeddah to state that CA interventions (here, the ŕushing of toilets
and cooling with sea water) was much more feasible in compact cities as the sprawled form of Jeddah
made this approach inefficient.
Green spaces, such as green roofs, parks and small pocket patches and trees not only have a cooling
effect through evapotranspiration but also may provide space for water storage and ground permeability
in cases of extreme rainfall. In Rosenberger et al. (2021) green roofs, even though retaining water, may
not be able to withstand future CC rainfall scenarios. However, they still have delaying capacities for
drainage, making them beneőcial CA infrastructures. The risk of ŕoods and rainfall were discussed in
Morelli and Cunha (2021), establishing ŕood vulnerabilities of various transport modes. The authors
conclude that next to building layouts, the development of more resilient transportation can provide
added resilience of physical infrastructures during rain events.
And also Bruwier et al. (2020) highlight the potency of building coverage and urban form on the rainfall
storage capacity and outŕow discharges (p. 10). In this light the potential cost of densiőcation may
rapidly also lead to őnancial damages. Providing direct advice, Li et al. (2021, p. 14) conclude that

"the conveyance porosity and the number of streets along the direction normal to the main ŕow offer an
opportunity for new developments which do not increase ŕooding severity."
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Moreover, were ŕow paths already existed, they should be maintained as "fragmenting a ŕow path into
several ones [...] increases the ŕow resistance" (Li et al., 2021, p. 14). From a very pragmatic side, Fitobór
et al. (2022) looked at the ŕooding risks of manholes. Depending on CC scenarios, they conclude that 12
% to 31 % of manholes would be at risk of ŕooding in extreme rainfall scenarios (p. 6). This can have
consequences for sewage overŕow and thereby impact resident health particularly in lower lying areas.

Actual quality and safety of physical infrastructure in the interviews
The increase of sealed surfaces through building construction as densiőcation strategy was mentioned
as drainage barrier by the respondents (C.4.4, ID 3). However, the speciőcity to Amsterdam is the
topographic distinction between a synthetically elevated center and the lower lying outer areas (sim-
pliőed). This was subject in the statements of several of the interview participants. Respondents G
and F highlighted the criticality of the area choice for densiőcation. Lower-lying areas that are already
more susceptible to ŕoods would have an increased vulnerability if additional housing units are build
(C.4.4, ID 4; C.4.3, ID 9, ID 12). Moreover, the vulnerability of electricity infrastructure and electric
infrastructure such as data centers in particular in ŕood prone areas was identiőed as challenging the
planning and physical layout of the grid as certain areas have to be avoided (C.4.4, ID 5).
A population increase within the low-lying areas will also lead to challenges for the provision of potable
water (C.4.9, ID 26). This is a point where one respondent saw an opportunity to include rainwater
storage systems. This water could be applied in ŕushing systems or other grey-water use applications
(C.4.4, ID 12). Lastly, this matter in their view also provided for the need of a general budgetary bal-
ance between precautionary CCA and present and future CCM and social function demands (C.4.3, ID 9).

Economic relations impacts and social differentiation in the interviews
To use densiőcation as an opportunity to incorporate ŕood prevention and mitigation measures can be
seen in the statement of respondent E. Such measures might be less costly and quick-wins in public
space design. Some solutions in risk areas would however need őnancially and technically challenging
solutions, such as the elevation of the ground level (C.4.2, ID 27).
The severity and exacerbating inequality of ŕood risks, particularly in lower areas of the city have
been accentuated by participant F. Lower lying neighbourhoods already faced the need to pump out
inundated basements and the consequent damages after extreme rainfall events. For these reasons, the
protection levels will have to scaled up if such areas are densiőed (C.4.3, ID 8, ID 9). The respondent
stressed the power that such events, which will recur more frequently with CC, may have on property
prices and values. On top of the costs of recovery from extreme events may come these negative property
value developments (C.4.3, ID 11, ID 12). This might pose another factor of urban inequality as lower
income populations have a geographic and topographic correlation with lower lying areas, and also
areas under consideration for densiőcation (C.4.3, ID 13). The participant called for precautionary
planning, including dissemination of residents and municipal officials and participation in the planning
process to prevent dissatisfaction with the authorities and political institutions (C.4.3, ID 10, ID 12).
The connection between the water system and impacts on economic can be seen in the statement of
interviewee G, who describes the construction of basements and the implications for property values
and the hydro-logical system. The construction below the ground affects the options for water storage
during rainfall events and creates a ŕood risk for the cellars built. Additionally, with vast numbers of
sealed basements built, the groundwater ŕow is obstructed, which is a topic which is regulated in the
land use plan. However, the living unit space increase as well as the private storage space increase
raises the property values. For this reason, the respondent urges for stronger regulations of the use
of underground space to prevent added vulnerability and interventions into the hydro-logical system
(C.4.4, ID 14).

Actual health and actual quality in literature
Other adaptability and CA interventions such as retention or cooling had not been in focus. But, the
interventions the authors evaluated did create social impacts such as social cohesion or recreational
activities of residents and some addressed vulnerabilities of distinct resident groups. For these groups
the actual quality of the built environment was improved by the CCA-sensitive urban development.
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E.3. Mobility
Social differentiation and autonomy in literature
In general, Mouratidis (2018) questions the sustainability and livability of compact neighbourhoods for
citizens if the necessary traffic infrastructures and mobility options are not set in place. Comparing more
cyclable and walkable European cities to younger, larger Asian city developments, the author raises
notions of lack of access to nature, autonomy, low environmental amenity value and leisure options if
these areas were to densify. Moreover, they state the general necessity of the placement of employment
options and amenities for a compact city environment to be beneőcial.
Urban areas in particular may lead to social differentiation in mobility, where CC and densiőcation
adversely affect outdoor thermal comfort at pedestrian level as seen above. As walking is a high-
accessibility and -availability mode of transport (Vich et al., 2019), this may disproportionately affect
vulnerable groups.
In the analysis of the four data items connecting mobility to autonomy, the autonomy of residents was
deőned by mobility costs, household income levels and urban form allowing for affordable transport
modes and parking (Everett et al., 2018; Kaza, 2020; Muñiz & Dominguez, 2020; Muñiz & Rojas, 2019).
The effect of mobility mode choice in the future and population density was subject in the study of
Clark (2013). Where individual motorised traffic lead to increased road congestion, rents went up. The
provision of sustainable, shared public transport in this sense affected the availability of housing for
lower income groups.
The effect of income levels on GHG emissions has been a result of the case study of Muñiz and Rojas
(2019). For the area of Gran Concepción, Chile, they established that instead of population density,
income differences are a determinant of individual GHG emission variability from transport and
households. Under the imperative of a distributively just sustainable development, this result adds to
the discussion of how much income inequalities account for patterns of unsustainable use of energy
in households and private mobility. In the study of Muñiz and Dominguez (2020) one year later, the
potential of higher income residents to move to less dense, or less regulated areas was stated.
In the case of the impacts of the ET on autonomy, I reasoned a connection especially with mobility. An
example is the study by Rosenberger et al. (2021) on sustainable water management during densiőcation
and CC. The authors conclude that "[p]orous pavements offer a straightforward possibility to increase the
inőltration of areas like footpaths or cycle tracks" (Rosenberger et al., 2021, p. 9). As cycling and walking
are low barrier means of mobility, they may provide a simple tool to increase residents’ autonomy, which
accounts for low emissions and may be easily integrated in dense urban form. However, potentially
adverse impacts on autonomy may arise from increased heat on surface levels, inhibiting especially
cycling and walking, which was discussed by Segura et al. (2022, p. 17) and Palusci et al. (2022, p. 1).
This applies ever more so under weather conditions to be expected due to CC.
Autonomous mobility in less densely populated areas such as suburban or shrinking neighbourhoods
becomes a question of viability. An exemplary study was conducted on the star-shaped city by Pierer
and Creutzig (2019) who found this urban form to provide access to public transport and green space
alike, alleviating also the UHIE and facilitating CCA. But also social differentiation and living standards
due to ownership comes into play where mobility during the ET is considered. Byrd and Ho (2012) as
well as Ko et al. (2017) discuss the feasibility of a grid integration of electric vehicles (EV) and solar PV.
Their conclusions are that beneőts arise in low or medium densities, rather found in suburban areas.
This becomes a question of ownership, social differentiation and living standards if the őnancial costs of
suburban living and EV are considered.

Access to public services, autonomy and physical infrastructure in the interviews
Densiőcation opens up the opportunity of proximity, reducing travel times and distances in contrast to
sprawled urban form and increasing accessibility of public services and autonomy. If infrastructures
allow, this increases walkability and cycle-ability (C.4.2, ID 6, ID 7; C.4.4, ID 20; C.4.1, ID 21), next to the
viability of public transportation (C.4.2, ID 7).
Respondent G imagines that densiőcation for instance in the form of a 15 minute city may hold beneőcial
impacts on health, accessibility and autonomy (C.4.4, ID 22).
In the conversation with participant H, they used the example of the US-American urbanisation model
and the implications for women living in suburbs to underline the equalising effect for women’s, children
and the elderly’s access to public services: "[if] where you live, you can get out of your house without
having a car, [...] without being car dependent, that’s super important. For women, but also for children,
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and young people, or for elderly who cannot drive anymore" (C.4.5, ID 11).
That proximity, walkability, close amenities, green space and public space of densiőcation could increase
the autonomy of "people that are more at home, not necessarily women [...] but [...] people that are
more at home" was also raised as potential beneőt of densiőcation by participant K (C.4.8, ID 23).
Similarly, participant E perceives densiőcation as potentially relieving pressure from care-work tasks if
the functions in the city are brought closer together, are accessible by bike or walkable. This may give
room to the institutional side of emancipation of women, who have been the majority of care-workers in
the past. A side effect of these means of transport are the beneőts for actual health of the residents (C.4.2,
ID 24). And also participant D sees an opportunity for a changed distribution of care-work between
household members or over the course of a daily routine through the proximity densiőcation could
create (C.4.1, ID 21).
Participant J summarises the notion of walkability which promotes the actual health of residents, but
also counters the standpoint of accessibility autonomy beneőts for residents. This ideal might remain
an empty promise, if the houses are being build, but the investments into public transport do not follow.
This would lead to the counter-effect of higher resident numbers in areas of low accessibility (follow-up
communication on C.4.7, ID 19).
Respondent J further gave the example of a neighbourhood team which had been established, but
which was not accessible to groups with lower mobility capacities as the institution’s building did not
provide a parking spot for handicapped people, "because we did not have enough parking spaces in that
neighbourhood." In this way, social inequalities can propagate as social support to for instance groups
of lower mobility cannot be offered properly if the groups that need it cannot reach the established
facility (C.4.7, ID 18).

People walk and cycle more and walking and cycling, of course, is a more inclusive way in mobility than cars. And
it’s a very difficult discussion because this is the theory, but in practise the areas which are suitable for walking and
cycling are the most gentriőed areas. Which is not inclusive at all. There’s quite . . . this is actually quite a paradox.

(C.4.1, ID 12)

Participant I refers to the opportunity in densiőcation to create proximity of public services as
well as social networks. However, these might also be interrupted if the mobility infrastructure is not
systemically and systematically provided for to account for increased population numbers and the
densiőed built environment, which might lead to obstruction of former traffic mode ŕows (C.4.6, ID 19).
In this manner, the autonomy of the residents may be in- or decreased. On the downside, depending on
the mode of mobility, proximity can also infer less active daily routines. Moreover, the regulation of
car-traffic may affect residents in their employment. Job groups working outside public transportation
hours or accessibility, or in the need of equipment transportation depend on motorised transportation.
Establishing car-free cities or low-car use areas without the simultaneous provision of sufficient public
transport or car permits for business that are car-dependent can hamper such to serious extent in the
conduction of their (self-) employment. Therefore, the participant also emphasised the need of systems
thinking, to not only provide options of public transportation, but also to ensure that public amenities
are provided and employment positions still viable to reach (C.4.7, ID 17).
Participant K also raises these issues and calls densiőcation "wishful thinking" if it is seen as the solution
to [all] societal problems. While it may improve "the access to institutions, to healthcare, [...] or to jobs,
so that people can also, with a low income, or without a car, have a job in the neighbourhood", the
facilitation requires observation of the impacts. In particular, the respondent emphasised that issues
would be strengthened if created job opportunities would not be equally distributed over income groups.
For instance, densiőcation is driving production activities outside the city boundaries, which are not
easily accessible, instead of locating them "ideally [...] around the corner" (C.4.8, ID 25, ID 29).
The trade-off between mobility and green space has been identiőed by participants D, H and L. The
reduction of parking space and individual car mobility and the inclusion of small patch greening would
enable the parallel increase of housing and green space in city areas (C.4.1, ID 15-17).
Spill-over of traffic from denser areas to surrounding neighbourhoods was mentioned by participants
I and D (C.4.6, ID 15; C.4.1, ID 6). The interviewees emphasised that these shifts of traffic ŕows to
surrounding areas may lead to the fact that residents in adjacent areas, who might not beneőt from
densiőcation, may in this regard suffer from the consequences of an increased use of their neighbourhood
infrastructures.
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Leisure and recreation and living standards in literature
The importance of green infrastructure for these modes of mobility were included in Kabisch et al.
(2021) and their observation of leisure and transit uses of park areas at various temperatures. The park
layout and typology such as options to linger, hide from solar radiation and not lastly the provision of
short-cuts in otherwise hot surroundings were observed.
In terms of location choice, Muñiz and Dominguez (2020) suggest a social self-selection of higher income
families for low carbon emission cities. This link provides hints of social differentiation and living
standard pre-determination also for future CC development scenarios.
Lastly, the recent example for potentially arising inequalities due to mobility choice options was subject
in the study of Khavarian-Garmsir et al. (2021) who found a failure of health safety on public transport
systems (p. 9).
Creating walkable urban areas may also be a form of CCA risk plans: as Morelli and Cunha (2021, p. 8)
highlight, that

"providing proper density to cities and incentivizing residential development in biking or walking
distance to services and job opportunities may limit the problems caused by events of this nature

[ŕoods, extreme rainfall events]."

The proximity to amenities allows walkability and cyclability, which are ŕexible in their route choices
and traffic directions. Also Perera et al. (2023) conclude that topography needs to be considered in
densiőcation developments. Not only in the cases of ŕood vulnerability, but also the UHIE, the impact
of densifying in already hotter climates exacerbates heat vulnerabilities.

Actual health and social quality in the interviews
The proximity created through densiőcation - if amenities and facilities are included, together with
access to walkable pathways and public transport may therefore increase health and well-being: "If you
create proximity, it’s easier to walk to the facilities you need, so it promotes an active lifestyle, [...] so in
an abstract way, densiőcation beneőts well-being" (C.4.7, ID 27).
Also respondent G mentions the potential beneőts that a densiőed environment could pose. On the one
hand, the density of functions and proximity might facilitate caring for vulnerable groups in extreme
situations such as heat periods. On the other hand, denser areas might have stronger, small scale
community entities. This might facilitate CCA initiatives but also volunteer work and care-taking of
elderly, homeless and children (C.4.4, ID 8, ID 19).

E.4. Heating and cooling
Well-being, actual health and housing quality in both perspectives
The high relevance of health indications in terms of heat and the UHIE provides a logical conclusion for
the highest ET count to be located in the sphere of heating/cooling. This relationship was concluded by
Bakhshoodeh et al. (2022) and Belcher et al. (2019) at the example of green facades or by Perera et al.
(2023) for the increased cooling demand in their case study cities Madrid, Athens and Belgrade (p. 399).
As Martilli (2014) state, the surface of the building to volume ratio highly predetermines the heating
and cooling energy generation per capita. The authors observe that if the energy consumption can be
reduced to certain levels, the overall cooling demand may reduce despite increasing mean temperatures
due to the UHIE. Finally, the authors compare this dichotomy with the local urban increase of air
pollution resulting from urbanisation while globally in absolute numbers pollution levels may increase
less than if urban sprawl was pursued. This relationship also represents one of the local-global contrasts
leading to social differentiation. To prevent adverse impacts, one of the interventions for CCA they add
is the vegetation and greening of the urban space. Mohajeri et al. (2019), even though at the example
of a small village, showed the impact of building compactness on summer cooling demand in future
scenarios. If the complexity of necessary ventilation, shading and radiation is observed, they certify
reduced cooling demands despite urban densiőcation.
Perera et al. (2023) point out the impact of human behaviour. In their study occupant behaviour relates
strongly to their thermal sensation. The cooling needs are not only due to temperatures, humidity and
air velocity, which can be impacted by CC and urban form, but also by occupant activity and clothing
level, determining well-being. While this results in the author’s focus on commercial buildings to
reduce uncertainties, it gives important CA indications for the inclusion of human behaviour into the
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assessment.
The strong impact that architecture can exert on well-being and heating and cooling behaviours is subject
to the study of Salvati and Coch (2021). Assessing Mediterranean climates, they stress the importance of
building ventilation, humidity regulation and protection from accumulated solar radiation to prevent
heat stress, excessive cold or heat seasons. X. Liu and Sweeney (2012) name one simple densiőcation
attraction: the energy efficiency of apartments. This they infer from compact building construction and
decreased ventilation, diminishing heat loss. As established above, the reduction of ventilation may
create positive like here, or negative second order impacts.
Next to green facades, the literature also identiőes the potential cooling beneőts of green roofs. Not only
increasing urban green areas, providing evapotranspiration and storm-water management, Wright et al.
(2021) address the insulating effect that green groofs may provide, decreasing cooling energy demands
in summer times. In their study, productive green roofs, used for agriculture, may therefore not only
beneőt well-being, health and income, but also the living standard of the residents.

Respondent G raised the attention to the feedback impact that the increase in the number of air-
conditioning units (AC) has on the temperature development within the city and the demand on
the electricity grid. Population groups that depend on AC during heat periods may be particularly
vulnerable if AC cannot be sustained in a densiőed, warmer environment (C.4.4, ID 11, ID 16).
Respondent E emphasises the potential of insulation improvements during densiőcation. This im-
provement of the housing stock would be an opportunity to increase health, well-being and lower the
recurrent energy bills of residents (C.4.2, ID 13).
The overlap of the ET and densiőcation in regards to heating was one of the main themes in the interview
with participant I. The connection of new development areas to existing district heating networks in the
city is an opportunity they identiőed next to the use of heat-cold storage. Effective on the building scale,
this solution is cost effective but requires őnancial investment and may be a solution for office or other
larger buildings (C.4.6, ID 5). This may be connected to the integration of heat symbiosis from corporate
and industrial buildings to objects with residential use (C.4.8, ID 3, ID 4).
The decision and investment for more sustainable heat sources, connection to the district heating
network or installation of hot/cold-storage systems is an additional barrier for residents of lower income
and tenants. However, if the housing owner takes this step, the improvement of the housing quality
may become very beneőcial to the living standard and health of the residents in the long term, after a
period of nuisance in the construction and renovation phase (C.4.6, ID 10, ID 11). This relationship and
ownership issue can be seen as one of the symptoms and causes of social differentiation and lack of or
opportunity of participation in decision-making in the heating transition.

Living standards, income, social differentiation in literature
The strong association of heating and cooling with well-being and autonomy impacts is related to
the cooling efforts during an increased UHIE, the moderation of colder climates due to the UHIE in
dense urban areas in moderate climates as well as the lowered autonomy due to increased cooling costs,
especially for residents living in houses with lower insulation quality (X. Liu & Sweeney, 2012, p. 10).
As an interesting factor of communal living spaces, Ahmadian et al. (2019) raised the signiőcance of
energy infrastructure and appliances in shared living spaces of compacted housing blocks (p. 147).
Good management and communication are necessary to facilitate reasonable and just usage of energy
in shared facilities.
Human behaviour and autonomy are discussed by Muñiz and Rojas (2019). They observe that next
to mobility behaviour changes, energy consumption at the household level increases with household
income level.
Heating and cooling modes, choices and autonomy are detrimental for thermal comfort and urban
equality. As Butters et al. (2020) state "[w]hilst business districts can at least afford to pay for cooling,
UHI[E] is most harmful for low-income contexts with overcrowding and no-air-conditioning. It is the
poor who most often must work and move around outdoors, or else in poorly climatised buildings. [...]
The choice of urban form thus also is a question of equity." (p. 211). Similarly, Pramanik et al. (2022)
weights the reduced, low adaptive capacity of poor residents while their living standard and household
conditions would need them to be adaptable in particular to changing climates and extremes.
The energy expenses created through cooling pursuits were described by Miner et al. (2017, p. 193). The
authors concluded that in the case of the UHIE as an extreme event and hazard for especially vulnerable
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groups,

"the most likely strategy pursued by individuals would be to invest in more air-conditioning capacity,
which will typically increase household energy consumption, exacerbating the issues [i.e. the

self-reinforcing nature of the UHIE]."

Approaching densiőcation as an opportunity to incorporate emerging technologies, Martínez Reverte
et al. (2022) evaluate the use of fuel cells for heating. While initial investments are high and therefore
qualify the solution as another source of social differentiation. However, primary thermal and electric
energy demands could be covered. For lower investment capacities, the authors nonetheless recommend
retroőtting of buildings to improve their energy performance.

Social differentiation and energy expenses in the interviews
Densiőcation can provide an opportunity to install collective heating and cooling systems in neigh-
bourhoods and blocks, also in lower-income neighbourhoods and in line with the municipal policy of
"unequal investments for unequal opportunities" (C.4.6, ID 13). The inequality of the heating transition
as part of the ET, was stated also by participant I. The upfront investments in lower-income areas might
not be opted for against other, especially short term day to day expenditures. The uptake of more
sustainable heat sources simultaneously to densiőcation developments in the neighbourhood may
therefore be decided against, due to unaffordability. Also distrust into political institutions and the
municipality may hamper such interventions (C.4.6, ID 22).
Moreover, heating was claimed as one of the areas of the ET, where building ownership is pivotal.
For the ownership communities, less emitting energy sources for heating are frequently linked to
investments into building stock and backlog in the renovation. When these obstacles are overcome
őnancially, the voting processes in the communities may be challenging to the uptake of new heating
solutions. In these cases, the municipality would like to connect ownership communities to each other
and offers training for knowledge exchange (C.4.6, ID 8, ID 9). Respondent J reŕected on the chances
for community interaction in the neighbourhood if energy sourcing and storage are managed in local
systems. The ownership of energy production communities may lead to a feeling of participation in
the ET and increase community cohesion. However, the inclusion of residents in social housing and
low-income owners may lack behind, which could propagate feelings of exclusion (C.4.7, ID 21).
Finally, the risk of gentriőcation and driving out of lower income groups from densiőed areas with a
higher quality housing stock has been stated by respondent J. As "densiőcation and more energy reliant
buildings [...] are creating housing which is having a higher quality, [the current/original residents ...
] have to move so the social interaction between groups could fall apart. [...] And we don’t have the
solution yet, [...] [w]e’re looking at how can we provide affordable places and stores and community
centers that keep the social infrastructure intact" (C.4.7, ID 5). But, it is a thin line, as areas with
lower energy performance buildings could proőt from densiőcation if the densiőcation made actions
promoting the energy performance viable (C.4.7, ID 20).
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