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A B S T R A C T   

Urban densification is a key strategy to accommodate rapid urban population growth, but emerging evidence 
suggests serious risks of urban densification for individuals’ mental health. To better understand the complex 
pathways from urban densification to mental health, we integrated interdisciplinary expert knowledge in a 
causal loop diagram via group model building techniques. Six subsystems were identified: five subsystems 
describing mechanisms on how changes in the urban system caused by urban densification may impact mental 
health, and one showing how changes in mental health may alter urban densification. The new insights can help 
to develop resilient, healthier cities for all.   

1. Introduction 

Almost 75% of Europeans reside in urban areas, and this percentage 
is expected to rise to 84% by 2050 (United Nations Department of 
Economic and Social Affairs Population Division, 2019). Increasing 
population density within existing urban boundaries, also referred to as 
urban densification, is a key strategy to accommodate rapid population 
growth (Broitman and Koomen, 2015; Claassens et al., 2020; Cortinovis 
et al., 2019; Habitat, 2014; Stevenson et al., 2016; Tiitu et al., 2021; van 
Duinen et al., 2016). Urban densification has been especially apparent in 
Europe in the last decade (Cortinovis et al., 2022) and is likely to become 
more important with the ‘no net land take’ strategy that the European 

Commission proposed in 2011 (European Commission, 2011). This 
strategy should halt the loss of non-urban land by 2050. The Netherlands 
exemplifies this trend with densification accommodating a large share of 
the increase in residential housing stock over the past 20 years (Broit
man and Koomen, 2020; Claassens et al., 2020; van Duinen et al., 2016). 

In epidemiological and urban planning literature, considerable 
attention has been given to the presumed health-promoting effects of a 
compact city model: a city with high population density in combination 
with a mix of functions (high land-use mix) and short distances to 
functions, services and jobs (Burton et al., 1996; Kain et al., 2022). This 
model attributes health benefits to the promotion of public transport as 
the main source of transport, traffic calming and increased walking and 
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cycling, resulting in reduced harmful emissions (Ribeiro et al., 2019) 
and increased physical activity (Chandrabose et al., 2021; Stevenson 
et al., 2016). Moreover, increased population density is assumed to have 
positive effects beyond direct impacts on health, including economic 
growth, reduced CO2 emissions, and more efficient energy use (Burton 
et al., 1996; Ribeiro et al., 2019; Wang and Li, 2021; Westerink et al., 
2013). Besides these potential desirable consequences, many studies 
show that densification can also pose serious health risks (Beenackers 
et al., 2018; Berghauser Pont et al., 2021; Chaix et al., 2006; Fecht et al., 
2016; Meijer et al., 2012; Sundquist and Frank, 2004; Sundquist et al., 
2004; Zijlema et al., 2015), especially in already densely populated 
areas where the health benefits of further urban densification may be 
less apparent. Densification also seems to affect mental health (Ber
ghauser Pont et al., 2021; Sundquist et al., 2004; Tarkiainen et al., 2021) 
and mental health problems already cause a large health burden (James 
et al., 2018). 

Urban densification may comprise a myriad of dynamic, multi-level 
interactive processes with disparate influences on health. An example of 
the contrasting influences of densification on health is when an influx of 
residents may demand a growth of neighbourhood facilities. The 
increased number of destinations within walking distance may lead to 
increased physical activity (Beenackers et al., 2012, 2018; Chandrabose 
et al., 2021; Saelens and Handy, 2008). However, it may also reduce the 
amount of green space or lead to increased noise, which may negatively 
affect mental health (de Kluizenaar et al., 2007; Haaland and van den 
Bosch, 2015; Leijssen et al., 2019; MacCutcheon, 2021; Markevych 
et al., 2017; Naess, 2014; Naess et al., 2019; Nieuwenhuijsen et al., 
2017; Orban et al., 2016; Riedel et al., 2015; Riedel et al., 2019; van den 
Berg et al., 2016). These complexities require an integrated approach 
that takes urban reality dynamics into account. A system perspective can 
help to unravel the dynamic complexities and interrelations between 
different elements involved in a system (Carey et al., 2015; Diez Roux, 
2011; Friel et al., 2017; Galea et al., 2010; Leischow et al., 2008; Luke 
and Stamatakis, 2012; Mabry et al., 2010; Northridge et al., 2003; Rutter 
et al., 2017; Rydin et al., 2012; Stronks and Nicolaou, 2018; Trochim 
et al., 2006). Understanding these complexities for mental health in a 
densifying urban environment is a prerequisite for adapting the under
lying systems, and ultimately can provide opportunities to improve 
population mental health (Wolch et al., 2014; World Health Organiza
tion, 2022b). 

How urban densification affects inhabitants might differ across 
groups, e.g., depending on financial resources that allow choice of the 
place to live. There are growing health inequalities and segregation of 
socioeconomic groups within cities (Hochstenbach and Musterd, 2018; 
Marcińczak et al., 2015; Musterd et al., 2017; Rydin et al., 2012). 
Different densification strategies and planning decisions could either 
mitigate or exacerbate segregation and socioeconomic inequalities in 
mental health (Northridge and Freeman, 2011; Rydin et al., 2012). 
Improving insights into the impact of urban densification on mental 
health in residents with low income is crucial to avoid further widening 
of the mental health gap between different population groups (Maass 
et al., 2016; World Health Organization, 2022b). 

The aim of this paper is, therefore, to identify and visualize the many 
interacting and sometimes contrasting dynamics underlying the con
nections between urban densification and mental health, using causal 
loop diagrams (CLDs). The questions that will be addressed are 1) how 
may urban densification affect the urban system dynamics that impact mental 
health? And 2) how may these dynamics affect low-income residents 
specifically? 

2. Methods 

This study adopts a complex system approach (Meadows and Wright, 
2008). This section discusses the main principles of this approach and 
CLDs that are used to analyse urban system dynamics. It also describes 
the process of constructing the CLD on urban densification and mental 

health. 

2.1. Complex systems approach 

Complex systems are described as “an interconnected set of elements 
that is coherently organized in a way that achieves something.” (p.11 
Meadows and Wright, 2008)). The three main components of a system 
are therefore the elements, their interconnections, and the purposes or 
goals driving the system (Luke and Stamatakis, 2012; Meadows and 
Wright, 2008). Elements can decrease or increase over time. The in
terconnections between the elements are causal connections. The causal 
connections have a direction and a polarity. 

In contrast to a reductionist approach, these causal connections are 
not seen as (sufficient) determinants in which A causes B, but as 
contributing elements in which A contributes to B. The polarity indicates 
whether an increase in A contributes to an increase in B (causal 
connection) or whether an increase in A contributes to a decrease in B 
(inverse causal connection). The causal connections do not have to be 
linear and often form feedback loops: circular chains of causal connec
tions. Feedback loops can be reinforcing (e.g., vicious or virtuous loops) 
when the circular chain keeps reinforcing the changes (positive polarity) 
or balancing when the circular chain ends in the other direction as it has 
started, thereby balancing the process (negative polarity). These feed
back loops can help to identify the underlying goals or purposes of a 
system. These goals determine how the system functions; they drive the 
decisions of the actors (e.g., residents, local governments) within the 
system (Meadows and Wright, 2008). Outcomes of a system, such as 
health, can be conceptualized as “outcomes of a multitude of interde
pendent elements within a connected whole” (Rutter et al., 2017). A 
further key characteristic of a complex system is its dynamic nature in 
which emergent outcomes can arise that cannot be predicted from its 
elements alone, making the whole more than the sum of its separate 
entities. 

A causal loop diagram (CLD) is a visual representation of hypothe
sized system elements and their interconnections within certain system 
boundaries. A CLD visualizes how a system is understood, making un
derlying mental models explicit (Sterman, 2001). A CLD also makes 
feedback loops explicit and may help to identify leverage points in a 
system (Meadows and Wright, 2008). The development of a CLD in
volves stakeholders (in our case experts with well-known track-records 
in their work field) who build the qualitative model, by agreeing on the 
most relevant elements in the system at hand, and by formulating the 
causal relationships between these elements (Sterman, 2001). It can 
help to generate novel interdisciplinary hypotheses which may advance 
the development of theory, research, policy and practice across 
disciplines. 

2.2. Core modelling team 

In our study, the core modelling team consisted of five researchers 
(MAB, HK, LB, GL & AR) with expertise in public health, environmental 
health, and complex systems thinking. The core modelling team devel
oped the research plan and refined the causal loop diagrams after each 
step in the process (as described in Table 1). The core modelling team 
also decided on the experts to be invited for the group model building 
workshops. 

2.3. Data collection and analysis 

Data collection and analysis were carried out during six group model 
building (GMB) workshops with experts, alternated with activities by 
the core modelling team. The protocols for the GMB workshops were 
developed using established scripts from Scriptapedia (Hovmand et al., 
2012, 2015). 

The first two GMB workshops were carried out online due to COVID- 
19 restrictions. The other workshops were carried out off-line. A 
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schematic overview of the workshops and the included steps can be 
found in Table 1. In the online workshops, the online collaboration tool 
MURAL (Mural, 2021) was used to mimic the use of sticky notes and 
collaboration boards in the live workshops. Systems Thinking In Com
munity Knowledge Exchange (STICKE) software (Institute for Intelligent 
Systems Research and Innovation from Deakin University, World Health 
Organization Collaborating Centre for Obesity Prevention, 2022) was 
used to draft the CLDs in the workshops. The relationship mapping tool 
KUMU (Kumu, 2023) was used to develop and visualize the final CLD. 

A total of 16 scientific experts from the Netherlands participated in at 
least one of the expert workshops (see Table A1 in Appendix 1 for a 
description of the expertise of involved experts). Nine of them are 
environmental and planning experts with a known academic track re
cord in densification, urban processes, or urban planning. The other 
seven are health experts with a known academic track record in public 
health, urban health, mental health, and health inequalities. 

2.3.1. Deciding on system boundaries and initial list of elements 
Firstly, the boundaries of the system under study were established by 

the core modelling team. The boundaries of a system model define what 
will be inside the scope of the model and what will be outside the scope of 
the model. The boundaries of the model under study were based on 
input from the environmental and planning experts on the main forms of 
urban densification, gathered during the first workshop (WS1 in 
Table 1). 

The boundaries of the system under study are described in Table 2 in 
the results section. They were used to guide the development of the CLD. 

2.3.2. Building the causal loop diagram 
Next, two partial CLDs were developed in two sets of workshops. The 

first partial CLD, describing how urban densification affects the urban 
environment, was developed in sessions with only environmental and 
planning experts (WS2 and WS3 in Table 1). The second partial CLD, 
describing how urban environmental changes affect mental health, was 
developed in sessions with only health experts (WS4 and WS5 in 
Table 1). 

After the initial model building workshops (WS2 and WS4 in 
Table 1), the core modelling team refined the partial CLDs. The alter
ations were then discussed with the experts in the subsequent workshops 

(WS3 and WS5 in Table 1). In these subsequent workshops, the partial 
CLDs were further refined. After workshop 5, the core modelling team 
integrated the two partial CLDs into one model, based on overlapping 
elements. The integrated CLD was refined and reviewed during the final 
workshop with all experts combined (WS6 in Table 1). With the input 
from this workshop, the core modelling team finalized the CLD. 

2.3.3. Model analysis 
During several workshops (WS3, WS4, WS5, and WS6 in Table 1), 

experts were challenged to identify feedback loops in the (partial) CLD. 
After the workshops, the core modelling team identified missing loops 
using the tool KUMU (Kumu, 2023), grouped the feedback loops that 
included similar elements, and reflected on related pathways to find the 
most important feedback loops and core mechanisms of the system. 
These were grouped together into subsystems. Only subsystems that 
included urban densification as well as one or more of the elements 
directly related to mental health were included. System goals were 
formulated by the core modelling team for the identified subsystems and 
for the overall CLD. The subsystems and the associated (sub)system 
goals were presented to the experts for discussion via email. 

2.3.4. Analysis of the impact on low-income residents 
In Workshop 5 and Workshop 6, the (partial) CLDs were discussed 

with respect to how the system might work specifically for low-income 
residents. The CLD was not altered, and income was not included as a 
separate element within the CLD (as it was outside the system under 
study). Instead, the experts discussed how elements, connections, 
structures, or mechanisms would work for low-income residents 
specifically. 

2.4. Ethics 

The study design was evaluated by the medical ethics committee of 
RIVM and Erasmus MC and a declaration of no objection was obtained. 
Participants in the workshops provided their written informed consent. 

Table 1 
Overview of the six workshops and the carried-out activities in each workshop.  

Activities Environmental & planning experts Health experts All experts 

WS1a WS2 WS3 WS4 WS5 WS6 

Workshop date 07-2021 12-2021 02-2022 07-2022 09-2022 01-2023 

Mode of communication Online Online Online Face-to-face Face-to-face Online 

Deciding on system boundaries ●      
Building Causal Loop Diagrams 

‘Hopes and fears’ b ●   ●   
‘Graphs over time’ b d   ●   
‘Variable elicitation’ b ● ●  ●   
‘Model building’ b,c  ●  ●   
‘Transferring Group Ownership from One Image to Another’ b   ●  ● ● 
‘Model review’ b   ●  ● ● 

Model analysis 
Identifying feedback loops   ●  ● ● 
Discuss low-income groups     ● ● 
Identifying mechanisms and goals      ●  

a WS = Workshop. 
b These activities were based on the “established scripts” from Scriptapedia (Hovmand et al., 2015). The end of all workshops was based on the established scripts 

‘Reflector feedback’ and ‘Next steps and closing’. The scripts were adapted to fit an online workshop for WS1, WS2, WS3 and WS6. 
c In the workshop with environmental experts, the script ‘initiating and elaborating Causal Loop Diagram (CLD)’ (Hovmand et al., 2015) was used while for the 

workshop with the health experts, the initial CLD was created using a ‘connection circle’ (Hovmand et al., 2015), adapted for use with digital support via STICKE 
(Institute for Intelligent Systems Research and Innovation from Deakin University and World Health Organization Collaborating Centre for Obesity Prevention, 2022)). 

d Graphs over time were not used in this workshop due to the online nature which deemed verbal explanations more appropriate. 
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3. Results 

3.1. Boundaries 

The boundaries of the system under study are described in Table 2. 
The time focus of our system was set to the next 20 years and focussed 
mainly on the Dutch urban context. 

3.2. Description of the CLD 

The final CLD included 32 elements and 90 causal connections 
(Fig. 1). Ten elements were introduced via the initial (partial) CLD 
developed by the environmental experts, ten were introduced via the 
initial (partial) CLD developed by the health experts, ten were included 
in both models and two were added during the joint workshop. Table A2 
in Appendix 1 lists the definitions of the elements as agreed upon by the 
experts for the use in this CLD. The elements were colour-coded to 
visualize the general domains (e.g., facilities, see legend of Fig. 1). These 
general domains are indicative only and intended to increase the read
ability of the CLD. Some elements could fit into multiple domains. For 
instance, physical activity is labelled under ‘Mobility’, but also affects 
mental health and could have been coded as part of the ‘Mental health 
contributors’ as well. These choices were based on readability of the 
CLD. 

In this study, the broad definition of mental health of the WHO was 
used: “the state of mental well-being that enables people to cope with 
the stresses of life, realize their abilities, learn well and work well, and 
contribute to their community” (World Health Organization, 2004). 
Mental health as a stand-alone element was left out of the CLD as it was 
considered the emerging outcome of the system and not an element 
within it. Several elements were considered key contributors to mental 
health and included in the CLD. Chronic stress and recovery capacity 
were considered together as a core process producing mental health. 
Health-related behaviours such as sleep and physical activity and 
health-related resources such as social support contribute to this core 
process. 

The experts identified several system goals that were believed to 
drive the process of urban densification. Urban densification was 
considered to be motivated by beliefs of efficiency and scale benefits that 
cause agglomeration effects. These aspects derive value from the un
derlying belief that maximizing economic growth is to be strived for. 
Another goal underlying urban densification, as is the case in the 
Netherlands, is the desire to preserve greenspace outside city 

boundaries. 
A total of six subsystems were identified in the overall CLD. Each 

subsystem included the number of inhabitants per hectare as an indi
cator for urban density (dark red element), and either chronic stress or 
recovery capacity as key contributors to mental health (purple ele
ments). The element with the most outgoing connections was the 
number of inhabitants per hectare. Chronic stress, recovery capacity and 
social encounters were the elements with the most ingoing connections 
(see also Table A2 in Appendix 1). Five subsystems describe mechanisms 
on how the experts believe changes in the system caused by urban 
densification may impact mental health. The sixth subsystem shows how 
changes in mental health may impact the system and alter urban 
densification. The main elements and associated mechanisms of the 
subsystems are visualized in Figs. 2–7. Each subsystem and the accom
panying goals are discussed below in more detail. 

3.3. Subsystems 

3.3.1. Subsystem 1 – neighbourhood stress and recovery 
The main identified goal that is believed to drive subsystem 1 (Fig. 2) 

is that residents strive for recovery to maintain mental well-being in 
response to (environmental) stressors, by recognizing and using indi
vidual, social, and neighbourhood environmental resources that aid 
recovery. Neighbourhood environmental resources and related indi
vidual resources are described here. Social sources of recovery are dis
cussed in subsystem 3. 

The experts described how the mechanisms in subsystem 1 can affect 
these goals. They emphasized that increasing the number of inhabitants 
per hectare may amplify visual and auditory environmental stressors (e. 
g., noise), elevating chronic stress among residents. Urban densification 
may exacerbate heat stress since additional housing supply may absorb 
heat. At the same time, the experts state that densification may reduce 
recovery capacity. Sleep, as an individual source of recovery capacity, 
may be under pressure by these extra visual and auditory environmental 
stressors and heat stress. 

With an influx of residents, there is also the risk that neighbourhood 
environmental sources of recovery capacity are reduced such as the 
amount of quiet (or low noise) places and (green) public space. These 
elements may be reduced, either by an absolute amount (e.g., new 
houses or facilities are built on previously green spaces or quiet places) 
or by a relative amount (i.e., the same amount of green spaces or quiet 
places is used by more residents). Less green spaces may additionally 
lower the (heat)stress reduction capacity of cities. 

The experts discussed that chronic stress, recovery capacity, and 
sleep interact in reinforcing loops (R-1a and R-1b, a list with the 
description of all feedback loops can be found in Table A3 of Appen
dix 1), creating harmful ’vicious’ loops. Balancing loops also emerge. 
Increasing numbers of inhabitants per hectare, amplifying stressors (B- 
1a), dwindling green spaces (B-1d), and quiet places (B-1b and B-1c) can 
erode a neighbourhood’s physical quality, influencing housing demand 
and which could consequently limit further densification. 

3.3.2. Subsystem 2 – housing affordability 
Subsystem 2 (Fig. 3) focuses on housing affordability. The identified 

goal of this subsystem is that residents strive toward maximum utility, 
optimizing their housing opportunities and neighbourhood facilities 
within their budget constraints. Entrepreneurs and developers also 
strive for maximum utility, considering the assets of a location that make 
it attractive for residents to use facilities or buy a house (e.g., trans
portation infrastructure, facilities, jobs) and the price of that location. 

This excerpt of the CLD visualizes one of the main drivers of urban 
densification that was discussed by the experts: the attraction (or pull) of 
the city. The city’s pull, driven by opportunities such as jobs and ser
vices, spurs urban growth. Urban densification is believed to intensify 
with increased demand for facilities and jobs (in the tertiary sector) due 
to the increase in the number of residents. This, in turn, could increase 

Table 2 
Boundaries of the system under study.  

Within the boundaries of the system Outside the boundaries of the system 

Densification by increasing the number of 
residential units and residents in an 
area. 

Densification in number of temporary 
visitors to an area (e.g., tourists or 
commuters). 

Densification of neighbourhoods or city 
areas within city borders. 

Densification of the city as a whole or 
higher scale levels. 

Densification in existing residential areas 
(residential densification, (small scale) 
inner urban greyfield and brownfield 
redevelopment, urban greenfield 
development).a 

Densification in large areas with no 
previous residential function (large 
scale brownfield or greyfield 
redevelopment, agricultural or open 
land greenfield development, typically 
located at the borders of the urban 
area).a 

Current residents (residing in an area that 
is densified) and new residents (moving 
into the area that is densified). 

Residents moving out of the area that is 
densified.b  

a Classification of urban developments based on Claassens et al. (2020). 
b Residents that leave a densifying neighbourhood are considered important 

to the system. They are considered until they move. The causal chains for in
dividuals after they moved out of the neighbourhood, are considered outside the 
boundaries of this system. 
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land use mix, making the area more attractive and further boosting 
densification. The many reinforcing feedback loops (R-2a – R-2e) in this 
part of the CLD illustrate the pull of the city. However, the experts dis
cussed that heightened attractiveness can often lead to higher housing 
prices, especially when supply is constrained. Increased attractiveness is 
thus likely to negatively affect housing affordability, which creates a risk 
of displacement and stress for residents who have less to spend. Rising 
housing prices may also limit housing demand and further densification, 
as illustrated by the balancing loops including the price-related elements 
(B-2a – B-2e). 

3.3.3. Subsystem 3 – social structures 
Subsystem 3 (Fig. 4) highlights how urban densification affects social 

structures. The identified goal of this subsystem is that residents strive 
toward meaningful social interactions. 

The left side of the figure (yellow and light green) shows the 
simplified pull of the city loop (loops R-2a and R-2b, see also subsystem 
2). The right side shows the mechanisms that experts describe on how an 
influx of residents could positively affect social structures due to 
increased opportunities for meaningful social encounters, partly stimu
lated by the increase of the number of facilities and land use mix. 
Simultaneously, being surrounded by more people can increase feelings 
of anonymity, which could negatively affect social cohesion. Social 
cohesion can impact experienced social support and, in turn, affect 
chronic stress and recovery capacity. 

The experts emphasized that the reinforcing loops (R-3a – R-3f), in 
different configurations, between social encounters, anonymity, social 
cohesion, social support, stress, recovery capacity, and community 
engagement highlight the strength and importance of social processes 
for mental health. Whether the reinforcing loops will be vicious (nega
tive) or virtuous (positive) will depend on the balance between the 
negative influences of urban densification on social cohesion (e.g., via 

anonymity) and the positive influences (e.g., via social encounters). The 
result of this balance cannot be deduced from this CLD but may depend 
on elements outside the boundaries of the system, such as social policies 
and activities. 

3.3.4. Subsystem 4 – sense of place and perceived safety 
Subsystem 4 posits the hypothesized pathways through sense of 

place and safety (Fig. 5). Sense of place refers to the attitudes and 
feelings that individuals and groups hold towards the geographical areas 
in which they live (Table A2 in Appendix 1). The main identified goal of 
subsystem 4 is that residents strive toward a sense of locational famil
iarity; most residents want to feel that they belong somewhere. It gives a 
sense of purpose and may protect against stress. 

The experts discussed that the concept of sense of place can connect 
the physical aspects of a neighbourhood to the social and psychological 
elements of how residents react to it. They described that when there is a 
large influx of new residents leading to more environmental (visual and 
auditory) stressors and feelings of anonymity, sense of place can be 
disrupted. At the same time, an increase in meaningful social encoun
ters, due to extra residents, and strong social cohesion can enhance sense 
of place. 

In our CLD, sense of place is expected to lower chronic stress either 
directly or through increased feelings of safety. Both interact with the 
social processes described in subsystem 3. Numerous feedback loops 
(vicious/virtuous) link sense of place, perceived safety, physical activ
ity, social encounters, social cohesion, anonymity, and chronic stress 
with each other (R-4a – R-4t). Perceived safety, social encounters and 
social cohesion are also highly connected elements within the CLD that 
are believed to affect many processes from densification to mental 
health, via key elements such as chronic stress and recovery capacity 
(not shown in this excerpt). 

Fig. 1. Causal loop diagram on urban densification and mental health in the Dutch urban context.  
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Fig. 2. Subsystem 1 - Neighbourhood stress and recovery. B= Balancing loop, R = Reinforcing loop. For descriptions of feedback loops B-1a – B-1d and R-1a – R-1b, 
see Table A3 of Appendix 1. 

Fig. 3. Subsystem 2 - Housing affordability. 
B= Balancing loop, R = Reinforcing loop. 
For descriptions of feedback loops B-2a – B-2e and R-2a – R-2e, see Table A3 of Appendix 1. 
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3.3.5. Subsystem 5 – mobility and physical activity 
Subsystem 5 (Fig. 6) displays how urban densification may impact 

mental health through transport movements and physical activity. The 
main identified goal of subsystem 5 is efficiency. Urban and trans
portation planners aim for efficient location and travel plans to optimize 
travel time and benefits. Travelers also seek efficient routes for 
maximum utility (e.g., health, comfort) and minimal resource use (e.g., 
time, money, carbon footprint). 

Experts described that an increase in residents in an area may 

increase transportation movements, both from private and public 
motorised transport, possibly negatively affecting air quality and other 
environmental stressors (e.g. noise). They emphasized that this is a 
reflection of the current state and that a higher share of electric vehicles 
or shared transportation might mitigate this in the future. Declining air 
quality and increasing environmental stressors could harm the physical 
quality of the neighbourhood, and consequently the recovery capacity 
and chronic stress of its inhabitants. The reduced physical quality of the 
neighbourhood is also assumed to impact housing demand and supply, 

Fig. 4. Subsystem 3 - Social structures. 
B= Balancing loop, R = Reinforcing loop. 
For descriptions of feedback loops R-1a, R-2a – R-2b and R-3a – R-3f, see Table A3 of Appendix 1. 

Fig. 5. Subsystem 4 - Sense of place and perceived safety. 
B= Balancing loop, R = Reinforcing loop. 
For descriptions of feedback loops R-3a – R-3b and R-4a – R-2r, see Table A3 of Appendix 1. 
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constraining densification, as shown in Fig. 6. 
The experts described that an increase in transportation movements 

can lower perceived safety and reduce physical activity. However, this 
can be offset if increased public transportation boosts physical activity 
when more residents walk or cycle the ‘last mile’. More physical activity 
can positively affect the stress-recovery cycle directly and indirectly via 
sleep (and other pathways not included in this visualization). Physical 
activity may also be hindered if the amount of green public space per 
person decreases because of urban densification. 

Reinforcing loops R-5a and R-5b reveal more public transportation 

curbing motorised transport, partially countering its negative effects. 

3.3.6. Subsystem 6 –from stress to densification 
Fig. 7 highlights the hypothesized pathways of how chronic stress 

may impact urban densification, creating a full (balancing) loop be
tween the previously discussed subsystems and densification. The 
identified goal of this subsystem is that residents wish to keep their 
neighbourhood attractive and maintained. Too much stress can interfere 
with this goal and may lead to a negative spiral where residents start to 
neglect their neighbourhood and care less about each other, resulting in 

Fig. 6. Subsystem 5 - Mobility and physical activity. 
B= Balancing loop, R = Reinforcing loop. 
For descriptions of feedback loops B-1a, B-1c, R-1a – R-1b, B-5a – B-5d and R-5a – R-5b, see Table A3 of Appendix 1. 

Fig. 7. Subsystem 6 - From stress to densification. 
B= Balancing loop, R = Reinforcing loop. 
For descriptions of feedback loops R-6a – R-6b, see Table A3 of Appendix 1. 
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undesirable neighbourhood processes. 
Experts discussed that residents may withdraw from their commu

nity due to mental health problems or chronic stress, decreasing their 
community engagement. In turn, they may have less interest in keeping 
their neighbourhood clean and tidy (neighbourhood neglect) or to make 
the effort to report to the municipality when something gets damaged (e. 
g., a bench, tree, pathway). This could affect safety perceptions, the 
physical quality of the neighbourhood, and social cohesion (the latter is 
not shown here, but in subsystem 3). These mechanisms may also 
reinforce each other, as visualized by loops R-6a and R-6b. If the phys
ical quality decreases and residents feel less safe, this may harm the 
reputation of the neighbourhood. The experts discussed that these pro
cesses could influence the demand for housing, which, over time, can 
hamper urban densification. 

3.4. Amplified impact of densification on residents with low income 

When analysing the CLD with experts, several pathways were iden
tified via which the system could affect residents with low income in 
particular. The overall conclusion is that urban densification may have a 
larger impact on the mental health of residents with a low income than 
on the mental health of their higher-income counterparts. The experts 
identified two main mechanisms. 

3.4.1. Accumulation of stress 
The experts described that residents with low incomes more often 

experience higher levels of chronic stress, in the first place because of 
reasons other than those directly related to the neighbourhood envi
ronment. An example is worries about making ends meet, that is, 
whether there is enough money for basic needs, such as food, heating 
and electricity, rent, and health care. They emphasized that residents 
with low income more often live in neighbourhoods with more envi
ronmental stressors (e.g., noise, heat stress) and psychosocial stressors 
(e.g., crowding, social disorganization, racial discrimination, crime, and 
economic deprivation). These differences in environmental conditions 
may amplify already existing individual disadvantages related to income 
level in ways that are harmful to health. Furthermore, the experts 
pointed out that living with chronic stressors affects physical and mental 
health in itself, which leads to lower tolerance for additional (environ
mental) stressors. So, when densification happens in these neighbour
hoods, this accumulation of stress can further amplify chronic stress 
which, in turn, takes a toll on recovery capacity. The vicious circle be
tween stress and recovery capacity may be exacerbated as well, since 
higher levels of stress also require higher levels of recovery capacity. 

3.4.2. Access to resources 
The second mechanism the experts described was related to access to 

several types of resources. Having less access to important resources can 
render residents with low incomes more vulnerable to adverse health 
effects of environmental exposure. First, low income may limit the 
freedom of choice on where and how to live due to financial constraints. 
Furthermore, having little private space, indoor as well as outdoor, is 
likely to create a higher dependency on neighbourhood public space, 
such as neighbourhood green space. When densification reduces the 
amount of public (green) space (subsystem 1), it is therefore expected to 
affect the recovery capacity of residents with low income more severely. 
The reduced choice due to limited financial resources is illustrated in the 
mechanisms related to housing affordability and displacement (subsys
tem 2). The experts emphasize that densification may drive up housing 
prices potentially leading to displacement of residents with low incomes 
(subsystem 2). Second, the experts described that residents with low 
income may experience more barriers when navigating institutions to 
bring about desired changes or prevent unwanted changes in their living 
environment. Finally, the experts discussed that having a low income 
may hinder access to adequate coping strategies or resources to deal 
with the (environmental) stressors or promote mental health. These 

individual coping strategies may affect the strength of the relationship 
between environmental stressors and chronic stress and between 
chronic stress and recovery capacity in the CLD. 

4. Discussion 

This study applied a systems perspective to identify and visualize 
how urban densification may affect neighbourhood system dynamics 
that contribute to mental health, using an expert-based causal loop di
agram (CLD) that integrated interdisciplinary expert knowledge via 
group model building techniques. Central questions were: 1) How may 
urban densification affect the urban system dynamics that impact 
mental health? and 2) how may these dynamics affect low-income res
idents specifically? 

The CLD, describing how urban densification affects urban system 
dynamics that impact mental health, included 32 elements that were 
linked via 90 causal connections. The feedback loops in the CLD were 
numerous because many smaller loops fed into each other, creating 
almost endless possibilities. A total of six subsystems were identified in 
the CLD. Five subsystems described how urban densification may impact 
mental health via processes of 1) increasing stress and reduced recovery, 
2) decreasing housing affordability, 3) disrupted social structures, 4) 
decreasing sense of place and safety, and 5) mixed effects on mobility 
and physical activity. A sixth subsystem described how changes in 
mental health may affect urban densification. 

In particular, the current CLD warrants attention to social processes, 
resources for recovery capacity, and potential sources of stress to safe
guard mental health in densifying neighbourhoods. Many of the iden
tified loops in our CLD were vicious reinforcing loops initiated by 
increased population density. Neglecting these processes in urban 
densification plans may pose a risk to mental health. 

4.1. Stress and recovery 

In the first and the third subsystem, it was hypothesized how 
densification could affect sources for stress and recovery at the neigh
bourhood, individual, and social level. The neighbourhood could both 
foster stress recovery or restoration (in our CLD identified as public 
green spaces and quiet spaces) as well as hamper them (in our model via 
visual and auditory environmental stressors and heat stress) (Gee and 
Payne-Sturges, 2004; Kruize et al., 2014). Seeing green spaces as 
restorative resources aligns with a vast body of literature (Hartig et al., 
2014; Kruize et al., 2019; Marselle et al., 2019; van den Berg et al., 
2016). The restorative capacity is thought to be achieved by providing a 
buffer to environmental stressors (Hartig et al., 2014; Marselle et al., 
2019), help cope with stress (e.g. the stress reduction theory (Ulrich 
et al., 1991)) and redirect attention (e.g. the attention restoration theory 
(Kaplan, 1995)). Indirect, green spaces also offer settings for physical 
activity and social encounters (Cardinali et al., 2023; Hartig et al., 2014; 
Kruize et al., 2019; Markevych et al., 2017; Marselle et al., 2019; 
Nieuwenhuijsen et al., 2017; Ulrich et al., 1991; van den Berg et al., 
2019; WHO Regional Office for Europe, 2016). Previous literature also 
illustrates that densifying neighbourhoods often lose green spaces 
(Balikçi et al., 2022; Berghauser Pont et al., 2021; Haaland and van den 
Bosch, 2015) which could therefore pose a threat to mental health. 

The importance of social structures for mental health (subsystem 3) 
is underscored by many sociological and psychological theories, such as 
those on social cohesion (e.g. (Friedkin, 2004; Kawachi and Berkman, 
2014), going back as far as (Durkheim, 1897)), social capital (Bourdieu, 
2018), social support (Kawachi and Berkman, 2001), and 
social-ecological models (Sallis et al., 2008; Stokols, 1992)). In our CLD, 
there was a positive causal connection between urban density and social 
encounters. Although this is intuitive, there is also evidence suggesting 
the opposite, i.e., that densification has an adverse effect on social in
teractions (Berghauser Pont et al., 2021). This was also discussed in the 
expert workshops, resulting in two pathways from densification to social 
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cohesion; one positive pathway via social encounters and one – con
nected – negative pathway via increased anonymity. The dominance of 
either pathway may depend on the specific design of the neighbourhood, 
pre-existing cohesion, cultural context, or organized activities (e.g., 
(Dempsey et al., 2012). Notably, certain social stressors and recovery 
factors found in the literature were not incorporated into the CLD of this 
study. For example, the review by Berghauser Pont (Berghauser Pont 
et al., 2021) suggests that density could exacerbate crime in a neigh
bourhood although the supporting evidence remains limited. 

4.2. Sense of place 

According to the experts, the potential increase in environmental 
stressors and feelings of anonymity due to densification may disrupt the 
sense of place and negatively affect perceived safety and chronic stress. 
At the same time, larger numbers of inhabitants in an area may increase 
the likelihood and the number of social encounters, that may strengthen 
social cohesion, and enhance the sense of place. The concept of sense of 
place is interesting here, as it establishes a link between the tangible 
features of a neighbourhood and the way the neighbourhood is 
perceived. Rooted in theories from psychology, geography, and sociol
ogy, the idea of a sense of place is described as the outcome of inter
connected psychological, social, and environmental processes 
concerning physical places (DeMiglio and Williams, 2008; Eyles and 
Williams, 2008). The link to stress and health is thought to act via 
well-being and pathways such as enhanced attitudes and self-confidence 
(Eyles and Williams, 2008). In addition, the concept of sense of place 
may also relate to the concept of sense of coherence, described in the 
salutogenic model of health (Antonovsky, 1996; Mittelmark et al., 
2022). This model focuses on resources and assets for health. These 
assets and resources contribute to people’s sense of coherence (SoC), and 
thereby to their health. Neighbourhoods can contribute to the devel
opment of a strong SoC by offering neighbourhood resources that enable 
individuals to protect and promote their own health (in our CLD visual 
as the inputs for recovery capacity). 

4.3. The pull of the city 

Our CLD describes the attraction or pull of the city (e.g., supply of 
jobs, services, facilities) as the main driver of densification (e.g., sub
system 2). This pull of the city is well documented in urban economic 
literature (e.g. (Duranton and Puga, 2014; Glaeser and Gottlieb, 2006)) 
and is seen in Dutch city trends (Broitman and Koomen, 2020). This 
densification of cities is enhanced in the Netherlands by the scarcity of 
greenfield development locations (Claassens et al., 2020) and compact 
city policies (Ostendorf, 2017). It is also well documented that the more 
attractive an area is perceived to be (as described by the pull of the city), 
the higher the property values (Zuidberg, 2021), especially when supply 
is limited (Glaeser and Gyourko, 2002; Molloy, 2020). In our CLD, it is 
hypothesized that this also affects the affordability of housing and cre
ates a risk of displacement and stress for residents who have less to 
spend. In the Netherlands, neighbourhoods are often improved by local 
authorities, which could stimulate these pricing effects (Aalbers, 2019; 
Kleinhans, 2003). This displacement phenomenon as part of gentrifi
cation is extensively documented (Atkinson, 2004; Hochstenbach and 
Musterd, 2018; Marcińczak et al., 2015; Musterd et al., 2017). Gentri
fication impacts may be mitigated when appropriate policies are 
implemented or sustained, e.g., related to social housing or rent control 
(Ghaffari et al., 2018). When residents with lower incomes can stay and 
also profit from these improvements, this may also have a positive 
impact on their mental health. 

4.4. Changing mobility 

The mobility pathways described in subsystem 5 hypothesize that 
urban densification may lead to more public and private transport 

movements due to the increased number of inhabitants. This increase 
seems to counter the vast research on the limiting impact of urban 
density on personal car use (following the seminal work of (Newman 
and Kenworthy, 1989)). The subsystem refers, however, to the basic 
effect that adding more people to an existing urban area is expected to 
increase the absolute number of trips made with various transport 
modes. In relative terms it is likely that the share of public transport 
increases, although there may be a time lag in this response as sub
stantial investments and behavioural change are required. This 
complexity is also hinted at in recent critical reflections on the Newman 
and Kenworthy type of studies that emphasize the importance of e.g., 
scale and distributional factors in explaining the link between density 
and automobile dependence (e.g., (Ewing et al., 2018)). Average trip 
distances are reported to be lower in high-density areas, but this is often 
assessed in cross-sectional studies that look at variation between cities 
and not at changes over time (e.g., (Ralph et al., 2016). Moreover, this 
effect seems to depend on density levels (levelling off above certain 
threshold values (Berghauser Pont et al., 2021). Based on these insights 
we assume that increasing densities in a city may result in an increase in 
the total amount of kilometres travelled within that area. 

The model aligns with the predicted increase in public (or shared) 
transportation and physical activity (for transport) when urban densi
fication occurs, since more people are expected to walk or cycle, 
including the ‘last mile’ to work or home and vice versa, after using 
public transport (Berghauser Pont et al., 2021; Burton et al., 1996). At 
the same time, air quality and perceived safety may deteriorate, which 
–together with a potential decrease in green space-may lead to a 
decrease in physical activity, and therefore to less recovery. However, 
environmental (health) literature also states that fewer cars and more 
cycling and walking may offer more public space, providing opportu
nities for residents to interact, contribute to climate change mitigation 
through CO2 reductions, and stimulate economic profits due to a 
reduction in traffic jams (Burton et al., 1996; Gerlofs-Nijland et al., 
2021; Giles-Corti et al., 2016; Nieuwenhuijsen and Khreis, 2016; 
Staatsen et al., 2017; van Wee and Ettema, 2016). So, when motorised 
transport movements can be minimized during densification and are 
replaced by active transport such as walking and cycling, this may 
positively impact mental health and other societal issues. 

4.5. A limit to densification 

The CLD also describes how densification may be limited. A 
balancing effect may occur when housing prices surge, negatively 
affecting housing demand and limiting further densification. These 
balancing loops (mainly in subsystems 1 and 2) follow the classic eco
nomic rationale that residents choose a location by weighing the attri
butes of the available alternatives within their budget restraints to 
maximize their utility (Duranton et al., 2015; McFadden, 1977). Some of 
the main environmental attributes affecting utility are included in the 
CLD (e.g. physical quality of the neighbourhood, number of facilities). 
However, the simplification of including one element for all facilities 
may hide how different types of facilities (e.g., schools, shops, health 
care) in the neighbourhood affect this process. 

Another process that may limit densification, was through increased 
chronic stress. This may decrease community engagement (subsystem 
6). The consequential decay may affect perceived safety, physical 
quality, and social cohesion, affecting the reputation of the neighbour
hood, and in the long run urban densification. The loops in this sub
system depict processes recognized by theories about neighbourhood 
disorder, such as social disorganization theory (Sampson, 2012; Samp
son et al., 1997) and the spiral of decay theory (Skogan, 1992). These 
theories describe how neighbourhood disorder, like public incivilities 
and area deterioration, can fuel disorder and criminal behaviour, lead
ing to feelings of unsafety among residents. As a result, residents may 
withdraw themselves from the public realm. This may hinder the com
munity’s ability to take action against deviant behaviour through 
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positive social connections and social control, allowing crime and dis
order to spread (Sampson, 2012; Sampson et al., 1997; Skogan, 1992). 
The lack of explicit elements like crime or public incivilities could be 
considered as a limitation of the CLD. However, the main process ap
pears to be covered with the included elements and connections. 

4.6. Increased health risk for residents with low income 

In response to our research question of how urban densification may 
affect mental health of low-income residents specifically, the experts 
stated that health risks are likely amplified for residents with low in
come due to the possible accumulation of stressors, the reduced resil
ience as a result of this and the limited access to mitigating resources. 

The detrimental (mental) health effects of an accumulation of stress 
combined with more unfavourable living conditions in residents with 
low income are well-described in scientific literature (Cutrona et al., 
2006; deFur et al., 2007; Gee and Payne-Sturges, 2004; Macintyre, 2007; 
Soobader et al., 2006) and correspond with social causation theory 
(Goldman, 1994; Kröger et al., 2015). Secondly, the hypothesized lower 
access to personal resources is also well documented in the literature, 
including fewer resources (financial, social, power) that allow to choose 
where to live (Huang et al., 2014), mitigate or cope with environmental 
stressors (Diderichsen et al., 2019; Kruize et al., 2014; WHO Regional 
Office for Europe, 2019), influence neighbourhood changes such as 
densification or how densification is implemented (Kruize et al., 2014), 
or access or recognize resources that promote mental health (Mittelmark 
et al., 2022). There is also some critique that it is not always true that 
neighbourhood circumstances are worse for people with less income and 
this may depend on the resource in question, their quality, how they are 
perceived, or the local (historical) context (Macintyre, 2007). The 
limited choice of living environment for people with low income may 
cause a worse person-environment fit for this population, which may 
influence the perceived access and relevance of resources. A worse 
person-environment fit could compound stress and possibly selective 
migration, which could affect mental health (Tran et al., 2020). 

In this study, we focused on residents with low income. However, 
other residents in vulnerable positions and with a higher dependency on 
the neighbourhood environment, such as children or older adults, 
should be considered as well. Furthermore, our system boundaries were 
limited to the residents of the densifying neighbourhood. Although 
displacement was included in the model, the actual processes for those 
who (are forced to) leave the neighbourhood if gentrification occurs 
were outside the scope of this study but likely impact mental health as 
well (Lim et al., 2017). 

4.7. Clashing system goals 

The identified goals for the subsystems are a subset of the total set of 
goals that drive the entire urban system at different levels (macro, city, 
neighbourhood, individual). The goals of urban dynamics related to 
densification revolve around maximizing economic growth (at the 
macro level such as the city or country level) and utility (at the indi
vidual and neighbourhood level). There may be other macro- or city- 
level goals that drive the processes in our CLD which are outside the 
boundaries of the system such as political motivations. The economic 
drivers of densification may clash with the more individual-level goals 
of maintaining a balance between stress and recovery in a densifying 
urban environment. For example, the presupposed prospect of economic 
growth may motivate developers to efficiently use available land for 
houses that will generate measurable revenue, potentially reducing 
quiet and green spaces (Haaland and van den Bosch, 2015). This may 

not align with the needs of residing residents who may experience an 
increased need for these quiet and green spaces due to the influx of new 
residents and accompanying stressors. Which needs and goals translate 
into the final spatial development plans may be determined by dispar
ities in power within a neighbourhood. Urban developers in general 
have more power while residents bear the primary consequences of 
these environmental changes (Carlisle, 2010; De Weger et al., 2018). 
This emphasizes the need to meaningfully involve residents from an 
early stage in neighbourhood (re)development plans to safeguard their 
needs and their health (De Weger et al., 2018). Placemaking strategies – 
strategies to transform public spaces to strengthen the connections be
tween people and these places – may be an interesting strategy to bridge 
power gaps among different stakeholders in the neighbourhood and to 
connect the physical elements with the social and individual elements 
that are affected by urban densification (Ellery and Ellery, 2019). 

4.8. Strengths and limitations 

This is the first system map that we know, which identifies and vi
sualizes a complex system on urban densification and its related 
neighbourhood system dynamics affecting residents’ mental health, 
using collective knowledge and experiences from a broad set of disci
plines. The CLD in this study was developed with scientific experts with 
a known academic track record in densification, urban processes, urban 
planning, environmental health, public health, urban health, mental 
health, health inequalities, and complex systems thinking. This provided 
a rich set of information needed to build this broad system map which 
can inform new research, broadening our interdisciplinary under
standing of these mechanisms. The comparison of our results of the CLD 
with the existing literature showed that many theories describe only a 
piece of the puzzle. Although these theories are valuable for under
standing a certain subsystem, system maps, such as our CLD, can visu
alize the interconnectedness of these pieces of the puzzle, which are 
important to capture the full effects of urban densification. 

Although many academic and professional perspectives were repre
sented, the expert group was not diverse from other perspectives. Mainly 
white experts with a Dutch background participated, and while the 
physical environmental experts were mainly male, the social and health 
experts were predominantly female. This lack of diversity may have 
affected the included elements and connections. Another limitation is 
that only experts were consulted. There are other perspectives, e.g., from 
policymakers and residents (especially those with low income), to 
explore. Furthermore, although most health experts had some expertise 
on mental health, no trained psychologist or psychiatrist was present to 
provide a more in-depth view of the psychological elements. Because the 
CLD was about mental health in general and not about specific diseases, 
we believe the impact of this omission is limited and may be further 
elaborated on in future CLDs. 

A CLD, like all models, is a simplification of the assumed reality. The 
visualized connections are assumed to be causal, but this does not mean 
they are true in all situations. First, the CLD aims to reflect the Dutch 
urban context, which is different from many other countries. Further
more, the dominance of certain feedback loops can depend on many 
circumstances, many of which are also included in the CLD. Something 
that could not be integrated properly in the CLD is how urban densifi
cation is realized, e.g. what types of houses are built (e.g. social housing, 
private upper class housing) and where these different types are being 
built. Different densification strategies (Claassens et al., 2020) and ex
ecutions can result in different outcomes. For example, there is some 
evidence that higher density can be combined with more green space or 
higher quality green space (Haaland and van den Bosch, 2015). This can 
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mitigate the potential harmful elements of densification. It depends on 
the decisions of municipalities and developers to implement such pos
sibilities. Furthermore, the way decisions on densification plans emerge 
and how they are communicated can significantly affect how changes 
are perceived by residents, which can bridge power inequities (De 
Weger et al., 2018) and affect elements such as a sense of place and 
stress. 

Furthermore, the focus of this CLD was on the neighbourhood level. 
We realize that urban densification has also effects on other levels, not 
described here. One example is the effects on air pollution as a result of 
the mobility changes described earlier. Even though air pollution may 
decrease on a macro-level when densification facilitates a modal shift, 
the effect on the local urban environment may be different with 
potentially (at first) an increase in emissions because of the population 
increase. 

Although this CLD does not provide a clear guide on how to densify 
in a way that is conducive to mental health, it does provide potential 
entry points for action, or so-called leverage points (Meadows and 
Wright, 2008), that can guide discussions on healthy densification. It 
also draws attention to elements that have been understated so far, such 
as the importance of social dynamics, multi-level resources for recovery 
capacity, and the extra risk potential for residents in vulnerable posi
tions, such as residents with low-income. 

More research is needed to test the hypothesized causal connections 
and mechanisms in the CLD. Furthermore, while a CLD can be used to 
unravel causal mechanisms, it cannot demonstrate what the (system) 
effect would be if parts of the system changes (Crielaard et al., 2022). 
For that, a simulation model is needed, which is often the next step in 
complex system approach. This can provide opportunities to assess the 
system effects of potential interventions and policies. To make the CLD 
applicable in practice, interaction with local policymakers, pro
fessionals, and residents is also required (Barsties et al, submitted). The 
current CLD should be used with caution, serving more as a discussion 
tool rather than a definitive visualization of facts. CLDs like these, or 
subsequent versions, hold potential in exploring the intended and un
intended consequences or opportunities associated with policy de
cisions, and can be a helpful framework to guide future empirical 
evaluation studies into mental health effects of urban densification. 
They offer insights into pathways that may not always be at the forefront 
of urban (re)development decisions, such as social mechanisms and 
mental health. 

5. Conclusions 

In this study, we developed an expert-based system map (CLD) that 
identifies and visualizes how urban densification can affect neighbour
hood dynamics that contribute to mental health, by combining knowl
edge from a wide range of disciplines. It provides entry points for action 
that can guide discussions on healthy densification. The current CLD 
warrants attention to social processes, resources for recovery capacity, 
and potential sources of stress in densifying neighbourhoods to safe
guard mental health. Extra attention should be paid to residents with 
low income who more often experience an accumulation of stressors and 
who have fewer (financial) resources (including power) to choose where 
to live, mitigate environmental stressors, or influence neighbourhood 
changes. This puts them at a greater risk of experiencing possible 
negative mental health consequences of urban densification. Despite the 
potential economic, climate, and physical health benefits of urban 

densification, it is important to consider the potential risks to mental 
health as well. 

These insights into the dynamic mechanisms in a densifying neigh
bourhood that can impact mental health can help generate novel 
interdisciplinary hypotheses. This could advance the development of 
theory, research, policy, and practice across disciplines related to ur
banization, densification, mental health, and health inequalities, which 
is needed to keep our growing cities healthy and sustainable for all, 
while at the same time securing the required affordable housing in cities. 
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Appendix 1  

Table A1 
Description of consulted experts and core modelling team  

Consulted experts (in alphabetical order) 

Name Organization Expertise 

Acda, A. Annelies Acda Advies – public health, policy and the built environment 
(Consultancy) 

Socioeconomic inequalities in health, public health, public health policy 
processes, policy planning to improve a healthy environment 

Bakker, I. Department of Urban Innovation, Research Centre of Social Innovations Flevoland, 
Windesheim University of Applied Sciences 

Healthy environment, positive health, health in urban transitions, practice 
based and participative action research 

de Brabander, 
R. 

InHolland University of Applied Science Rotterdam Social exclusion, social sustainability and ecology 

Droomers, M. Department of Public Health, City of Utrecht Socioeconomic inequalities in health, social determinants of health, public 
health policy advice 

Harbers, A. PBL (Netherlands Environmental Assessment Agency) Urban planning and design, urbanism 
Hilckmann, B. The Hague University of Applied Sciences Sustainable mobility, urban accessibility 
Hoorn, M. Platform31 (Dutch knowledge and networking organization within the built 

environment) 
Urbanization, spatial planning, liveability 

Kamphuis, C.B. 
M. 

Department of Interdisciplinary Social Science, Utrecht University Socioeconomic inequalities in health, the role environmental factors for 
health and health-related behaviour, systems thinking 

Koomen, E. Department of Spatial Economics, Vrije Universiteit Amsterdam Urban densification and its underlying drivers, environmental impacts and 
relationship with (spatial) planning 

Maat, C. Department of Transport and Planning, Faculty of Civil Engineering & Geosciences, 
Delft University of Technology 

Built environment and mobility, travel behaviour 

Nijkamp, J.E. Department of Healthy Cities, Research Centre for Built Environment 
NoorderRuimte, Hanze University of Applied Sciences Groningen 

Healthy cities, built environment and health, neighbourhood health 
inequalities 

Noordzij, J.M. The Mulier Institute Urban sociology, human geography, built environment and health 
Pinkster, F.M. Department of Human Geography, Planning and International Development 

Studies, University of Amsterdam 
Geography of everyday life, home and belonging, politics of place, urban 
inequality and governing marginality. 

Vaandrager, L. Health and Society, Wageningen University and Research Environmental and social justice, healthy living environments, 
salutogenesis, systems thinking 

Völker, B. Department Human Geography and Spatial Planning, Utrecht University; 
Netherlands Centre for the Study of Crime and Law Enforcement (NSCR) 

Social networks, social capital, social cohesion, networks in urban spaces, 
perception of safety in neighbourhoods 

Vrijhoef, R. HU University of Applied Sciences Utrecht Sustainable and circular urban development, supply chains and construction  

Core modelling team (in alphabetical order) 

Name Organization Expertise 

Barsties, L. National Institute for Public Health and the Environment (RIVM) Social epidemiology, group model building 
Beenackers, M. 

A. 
Department of Public Health, Erasmus MC Urban health, healthy living environments, health inequalities 

Kruize, H. National Institute for Public Health and the Environment (RIVM); HU University of 
Applied Sciences Utrecht 

Environmental epidemiology, environmental health inequalities, healthy 
urban development 

Luijben, G. National Institute for Public Health and the Environment (RIVM) Public health, system dynamics, complex systems thinking 
Ruijsbroek, A. National Institute for Public Health and the Environment (RIVM) Healthy living environment, health inequalities   

Table A2 
Definitions of elements in the causal loop diagram.  

# General domain Element name Definition Number of 
incoming 
connections 

Number of 
outgoing 
connections 

0 Emerging outcome Mental health The state of mental well-being that enables people to cope with the stresses 
of life, realize their abilities, learn well and work well, and contribute to 
their community. (World Health Organization, 2004) 

– – 

1 Urban density # Inhabitants per hectare Number of inhabitants per hectare (10 000 m2). 1 9 
2 Environmental 

stressors 
Environmental stressors 
(visual & auditory) 

Visual and auditory (noise and sounds) elements in the environment, 
which stimulate a negative response. (Adapted from Collins English 
Dictionary, 2023; environmental stressor entry) 

4 4 

3  Air quality The degree to which the air in a particular place is clean and free from 
pollution. (Adapted from Oxford Advanced American Dictionary, 2023; air 
quality entry) 

2 1 

4  m2 with heat stress Square meters in an area in which individuals are exposed to heat stress, in 
which heat stress is defined as the negative effect of the thermal energy 
(heat) environment on an individual (McGregor and Vanos, 2018). 

2 1 

5 Mobility Physical activity Any bodily movement produced by skeletal muscles that requires energy 
expenditure. It refers to all bodily movement including during leisure time, 
for transport to get to and from places, or as part of a person’s work (World 
Health Organization, 2022a). 

5 3 

6  # Public transport 
movements 

The number of daily movements (e.g., expressed in kilometres) via public 
transport (e.g., buses, trains, trams, subways). 

2 4 

7  # Motorised transport 
movements 

The number of daily movements (e.g., expressed in kilometres) via non- 
public motorised vehicles (e.g., cars, motorcycles, scooters, buses, etc.). 

3 3 

(continued on next page) 
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Table A2 (continued ) 

# General domain Element name Definition Number of 
incoming 
connections 

Number of 
outgoing 
connections 

8 Facilities Supply of high-quality 
public transport 

The amount of high-quality transport routes and stops in an area. Aspects 
affecting quality are e.g., frequency of trips, reliability, safety, destinations 
along the offered routes. 

1 3 

9  # Facilities The number of buildings, services and equipment that are provided for a 
particular purpose such as shopping, care, sport and recreation. (Adapted 
from Oxford Advanced American Dictionary, 2023; facilities entry) 

2 3 

10  Demand for facilities The degree that people need or want to make use of facilities. 2 1 
11  Employment in tertiary 

sector 
The number of paid jobs in the tertiary sector, which is the sector that 
provides services. 

2 1 

12  Land use mix The evenness of distribution of square meters of residential, commercial, 
and office development (Frank et al., 2005). 

3 6 

13 Housing Housing demand The degree that people need or want to buy or rent a dwelling in the area 
(e.g., house, apartment, etc.). 

4 2 

14  Housing supply The total number of dwellings available in an area (e.g., house, apartment, 
etc.). 

1 2 

15  Housing affordability The ability of households to buy or rent adequate housing, without 
impairing their ability to meet basic living costs (OECD, 2021). 

1 3 

16  Displacement The amount of people who are forced to leave their home or their 
neighbourhood. (Adapted from Oxford Advanced American Dictionary, 
2023; displacement entry) 

1 2 

17  Mean property price per 
m2 

The mean (average) price per m2 of a building or area of land, or both 
together. 

2 2 

18 Neighbourhood 
design 

Amount of (green) public 
space per person 

The total square meters of green and other public spaces in an area, divided 
by the number of residents residing in that same area. 

1 5 

19  Quiet places Places with good sound quality and limited noise disturbance. 2 2 
20  Neighbourhood physical 

quality 
The degree to which desirable physical features in a neighbourhood are 
present, safe and well maintained. 

4 3 

21  Neighbourhood 
maintenance 

The work residents put in to keep private and public buildings and areas (e. 
g., houses, gardens, streets) in good condition by checking or repairing it. 
(Adapted from Oxford Advanced American Dictionary, 2023; maintenance 
entry) 

2 3 

22 Mental health 
contributors 

Chronic stress A consistent state of worry or mental tension over a prolonged period of 
time. (Adapted from (World Health Organization, 2023)) 

7 3 

23  Recovery capacity The degree a person is able to return to a normal state after a stressful event 
or a stressful period. (Adapted from Oxford Advanced American Dictionary, 
2023; recovery entry) 

6 1 

24  Sleep The average amount and quality of sleep a person has each night. 4 1 
25 Social interactions Social encounters The number of times a person is able to meet another person. 6 2 
26  Social support The provision of assistance or comfort to others, typically to help them 

cope with biological, psychological, and social stressors. (American 
Psychological Association Dictionary of Psychology, 2023; social support 
entry) 

1 2 

27  Social cohesion The extent of connectedness and solidarity among groups in society 
(Manca, 2014). 

3 5 

28  Community engagement The process of working collaboratively with and through groups in the 
neighbourhood to address issues affecting the wellbeing of residents 
(McCloskey et al., 2011). 

3 2 

29  Anonymity The degree that people do not know or recognize each other in the 
neighbourhood. 

2 2 

30 Perceived 
neighbourhood 

Sense of place Attitudes and feelings that individuals and groups hold towards the 
geographical areas in which they live (Ellery and Ellery, 2019). In the CLD, 
an emphasis is placed on the positive attitudes and feelings that provide 
people with a feeling of belonging. 

4 2 

31  Perceived safety Fear and anxieties caused by real or assumed threats (Ruijsbroek et al., 
2015). In the CLD, perceived safety refers both to perceived traffic safety 
and perceived safety from crime. 

4 5 

32  Neighbourhood 
reputation 

The meaning and esteem residents and other involved parties attribute to a 
neighbourhood. It refers to the relatively stable image a neighbourhood 
has among city residents and to its place in the urban neighbourhood 
hierarchy (Hortulanus, 1995). 

2 1   
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Table A3 
Description of the feedback loops in the six subsystems.  

Label Type Subsystem Description 

B-1a Balancing Subsystem 1, 
subsystem 5 

# inhabitants per hectare → environmental stressors → neighbourhood physical quality → housing demand → housing supply → # 
inhabitants per hectare 

B-1b Balancing Subsystem 1 # inhabitants per hectare → quiet places → environmental stressors → neighbourhood physical quality → housing demand → 
housing supply → # inhabitants per hectare 

B-1c Balancing Subsystem 1, 
subsystem 5 

# inhabitants per hectare → amount of (green) public space p.p. → neighbourhood physical quality → housing demand → housing 
supply → # inhabitants per hectare 

B-1d Balancing Subsystem 1 # inhabitants per hectare → amount of (green) public space p.p. → quiet places → environmental stressors → neighbourhood 
physical quality → housing demand → housing supply → # inhabitants per hectare 

R-1a Reinforcing Subsystem 1 chronic stress → recovery capacity → chronic stress 
R-1b Reinforcing Subsystem 1, 

subsystem 5 
chronic stress → sleep → recovery capacity → chronic stress 

B-2a Balancing Subsystem 2 land use mix → mean property price per m2 → # facilities → land use mix 
B-2b Balancing Subsystem 2 housing demand → mean property price per m2 → housing affordability → housing demand 
B-2c Balancing Subsystem 2 # inhabitants per hectare → employment in tertiary sector → land use mix → mean property price per m2 → housing affordability → 

housing demand → housing supply → # inhabitants per hectare 
B-2d Balancing Subsystem 2 # inhabitants per hectare → demand for facilities → # facilities → land use mix → mean property price per m2 → housing 

affordability → housing demand → housing supply → # inhabitants per hectare 
B-2e Balancing Subsystem 2 land use mix → housing demand → mean property price per m2 → # facilities → land use mix 
R-2a Reinforcing Subsystem 2, 

subsystem 3 
land use mix → demand for facilities → # facilities → land use mix 

R-2b Reinforcing Subsystem 2, 
subsystem 3 

# inhabitants per hectare → demand for facilities → # facilities → land use mix → housing demand → housing supply → # 
inhabitants per hectare 

R-2c Reinforcing Subsystem 2 land use mix → supply of high quality public transport → employment in tertiary sector → land use mix 
R-2d Reinforcing Subsystem 2 land use mix → supply of high quality public transport → land use mix 
R-2e Reinforcing Subsystem 2 # inhabitants per hectare → employment in tertiary sector → land use mix → housing demand → housing supply → # inhabitants per 

hectare 
R-3a Reinforcing Subsystem 3, 

subsystem 4 
social encounters → anonymity → social cohesion → community engagement → social encounters 

R-3b Reinforcing Subsystem 3, 
subsystem 4 

social encounters → social cohesion → community engagement → social encounters 

R-3c Reinforcing Subsystem 3 chronic stress → community engagement → social encounters → anonymity → social cohesion → social support → chronic stress 
R-3d Reinforcing Subsystem 3 chronic stress → community engagement → social encounters → social cohesion → social support → chronic stress 
R-3e Reinforcing Subsystem 3 chronic stress → community engagement → social encounters → social cohesion → social support → recovery capacity → chronic 

stress 
R-3f Reinforcing Subsystem 3 chronic stress → community engagement → social encounters → anonymity → social cohesion → social support → recovery capacity 

→ chronic stress 
R-4a Reinforcing Subsystem 4 perceived safety → social encounters → anonymity → social cohesion → perceived safety 
R-4b Reinforcing Subsystem 4 perceived safety → social encounters → anonymity → sense of place → perceived safety 
R-4c Reinforcing Subsystem 4 perceived safety → social encounters → social cohesion → sense of place → perceived safety 
R-4d Reinforcing Subsystem 4 perceived safety → social encounters → anonymity- social cohesion → sense of place → perceived safety 
R-4e Reinforcing Subsystem 4 perceived safety → social encounters → social cohesion → perceived safety 
R-4f Reinforcing Subsystem 4 perceived safety → community engagement → social encounters → anonymity → social cohesion → sense of place → perceived 

safety 
R-4g Reinforcing Subsystem 4 perceived safety → community engagement → social encounters → social cohesion → sense of place → perceived safety 
R-4h Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → anonymity → sense of place → chronic stress 
R-4i Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → anonymity → social cohesion → sense of place → chronic stress 
R-4j Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → social cohesion → perceived safety → chronic stress 
R-4k Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → anonymity → sense of place → perceived safety → chronic stress 
R-4l Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → anonymity → social cohesion → perceived safety → chronic stress 
R-4m Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → anonymity → social cohesion → sense of place → perceived safety 

→ chronic stress 
R-4n Reinforcing Subsystem 4 perceived safety → community engagement → social encounters → anonymity → sense of place → perceived safety 
R-4o Reinforcing Subsystem 4 perceived safety → community engagement → social encounters → social cohesion → perceived safety 
R-4p Reinforcing Subsystem 4 perceived safety → community engagement → social encounters → anonymity → social cohesion → perceived safety 
R-4q Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → social cohesion → sense of place → perceived safety → chronic 

stress 
R-4r Reinforcing Subsystem 4 chronic stress → community engagement → social encounters → social cohesion → sense of place → chronic stress 
B-5a Balancing Subsystem 5 # inhabitants per hectare → # motorised transport movements → environmental stressors → neighbourhood physical quality → 

housing demand → housing supply → # inhabitants per hectare 
B-5b Balancing Subsystem 5 # inhabitants per hectare → # public transport movements → environmental stressors → neighbourhood physical quality → housing 

demand → housing supply → # inhabitants per hectare 
B-5c Balancing Subsystem 5 # inhabitants per hectare → # motorised transport movements → air quality → neighbourhood physical quality → housing demand 

→ housing supply → # inhabitants per hectare 
B-5d Balancing Subsystem 5 # inhabitants per hectare → # public transport movements → air quality → neighbourhood physical quality → housing demand → 

housing supply → # inhabitants per hectare 
R-5a Reinforcing Subsystem 5 # inhabitants per hectare → # public transport movements → # motorised transport movements → environmental stressors → 

neighbourhood physical quality → housing demand → housing supply → # inhabitants per hectare 
R-5b Reinforcing Subsystem 5 # inhabitants per hectare → # public transport movements → # motorised transport movements → air quality → neighbourhood 

physical quality → housing demand → housing supply → # inhabitants per hectare 
R-6a Reinforcing Subsystem 6 chronic stress → community engagement → maintenance → perceived safety → chronic stress 
R-6b Reinforcing Subsystem 6 perceived safety → community engagement → maintenance → perceived safety  
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