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Interdisciplinary and interspatial discrepancies in urban planning: A 
multi-actor-multi-criteria analysis on the effects of densification on 
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the effects of densification on accessibility and sustainability. Master thesis in Sustainable Development at Uppsala 

University, No. 2022/47 75 pp, 30 ECTS/hp   

Abstract: 

Density has increasingly been used as a strategy by urban planners to increase accessibility and urban 

sustainability. Particularly, it has been opted as a tool to achieve sustainable development goal 11  ‘inclusive, 

safe, resilient, and sustainable cities and human settlements’. Though densification is considerably impactful 

in realising resource efficiency and transport benefits, its effects are too multi -lateral to be used as a linear 

tool to realise accessibility and sustainability. This is both caused by the assume d knowledge-practice gap 

between academics and urban planners, as well as the complexity of interspatial collaboration between local 

and global practitioners. Particularly, the universal application of sustainable development goal 11 and the 

top-down approaches to evaluate performance in achieving sustainability hinder strategic interspatial 

integration. Fostering interspatial and interdisciplinary collaboration would require establishing a holistic 

indicator framework that acts as a foundation for contextualised project appraisal. Relevant topics were 

identified and validated by expert opinion to establish such an operationalised indicator framework that could 

be used as a foundation for practitioners to evaluate the effects of densification projects on accessibility and 

sustainability. To identify what topics planning actors across spatial scales (i.e., local, regional, and national) 

and between disciplines (i.e., academia and practice) value differently, the priorities of topics presented in the 

indicator list were compared by various stakeholders from the Greater Gothenburg region. Comparing 

priorities and identifying disparities was done using the methodological framework of the Analytical Hierarchy 

Process. More specifically, a multi-actor-multi-criteria analysis was used to compare priorities. The 

differences between responses showed that the gap between knowledge and adaptation might be smaller than 

initially suspected. Differences in priorities between planning actors across spatial scales shows interspatial 

discrepancies in mainly the valuation of public transport, urban services, and biodiversity conservatio n. 

Furthermore, notable differences in prioritisation by singular actors illustrate the need to qualitatively inquire 

certain topics further, including the role of inter-urban employment on transport networks, the incorporation 

of social factors in quantitative appraisal, the capacity of small municipalities to incorporate contextualised 

biodiversity conservation, and the role of a varied accommodation supply on metropolitan housing shortage.  

Keywords: Sustainable Development, Urban Planning, Densification, Accessibility, Multi-Actor-Multi-Criteria 

Analysis, Interdisciplinarity 

Jelmer van der Ham, Department of Earth Sciences, Uppsala University, Villavägen 16, SE- 752 36 Uppsala, Sweden  
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Interdisciplinary and interspatial discrepancies in urban planning: A 
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Summary: 

Densification, i.e., the increasing density of people living in urban areas, has been commonly opted as a tool 

to increase accessibility and achieve sustainability goals, particularly sustainable development goal 11 

‘inclusive, safe, resilient, and sustainable cities and human settlements’ by urban planners. Though this 

strategy has been proven to realise in some benefits, its effects are too multi-lateral to be used as a single 

metric to describe its effects. To fully map the holistic effects of development projects involving densification, 

an indicator framework is constructed to provide an overview of the interconnections between urban density, 

accessibility, and sustainability. Based on topics presented in these indicators, discrepancies among 

stakeholders in urban planning are visualised by comparing priorities of indicators by municipalities, regional 

planners, national planners, and academics. Understanding these differences is important to illustrate where 

possible barriers for collaboration lie and to resolve any conflic ts between actor groups. A main result of this 

study is an indicator framework with values attached to it, according to every stakeholder’s perceived 

importance of topics, which could be used by urban planners to contextualise their evaluation of a project’s 

performance in realising accessibility and sustainability. The differences in priorities show that there are no 

major differences between academics and urban planners in practice, though the different spatial scales of 

planning are a basis of conflict between stakeholders. Especially the prioritisation of public transport, the 

utility of urban facilities, and biodiversity conservation are prioritised differently among urban planners across 

spatial scales. There is a greater need to understand the rationale behind these differences to streamline 

collaboration between actor groups.  

Keywords: Sustainable Development, Urban Planning, Densification, Accessibility, Multi-Actor-Multi-Criteria 

Analysis, Interdisciplinarity 
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1. Introduction 

1.1. Problem Formulation 

Densification is being more commonly adopted as a strategy to realising urban sustainable 

development (Berghauser Pont et al., 2021). The topic is well represented in literature and though its 

implications are complex and far-reaching, the positive and negative impacts of densification 

strategies are reasonably well understood. Densification, in the right conditions, can alter people’s 

transport modality, enhance accessibility to services, and make resource usage more efficient, thereby 

decreasing one’s individual ecological footprint. In its ability to foster far-reaching effects on urban 

socio-environmental sustainability, densification has a considerable effect on the UN’s Sustainable 

Development Goals. Most directly, it affects Goal 11 ‘inclusive, safe, resilient, and sustainable cities 

and communities’ (SDG 11) by affecting housing, transport systems, social equity, environmental 

impacts, and green and public spaces (Ghazaryan et al., 2021). Indirectly, these factors also affect, 

and are influenced by, other Sustainable Development Goals, encompassing infrastructure, equality, 

ecosystem functioning, economic growth, and health (UN, 2018). Nevertheless, implementation of 

densification projects can have various outcomes depending on contextual variation. Though the 

agglomeration effect of densification can benefit connectivity of inhabitants, transport, and services 

and can increase resource efficiency, the effects of unilateral densification can be detrimental on 

ecosystem functioning, human health, and social equity (Boverket, 2017). Though the 

interconnections of these impacted aspects are covered in academic literature, a fully systematic 

overview of said impacts and holistic appraisal methods for evaluating densification projects are still 

lacking. 

Accessibility is intrinsically linked to densification. Its ability to equalise opportunities of reaching 

benefits of employment, public facilities, housing, transport, etc. is often stated as a desired outcome 

of densification projects (Waters, 2016; Pitarch-Garrido, 2018). This innate quality of equalising 

opportunities, as well as resulting in smaller distances being covered by more sustainable transport 

modes, causes it to be a considerably important topic to realising socio-environmental sustainability 

(Grasser et al., 2012; Güneralp et al., 2017). Densification, as part of larger dynamics that shape 

urban built environments, directly affects accessibility, which has implications for the connectivity 

and proximity of all types of urban services (Horner, 2004). The far -reaching and equally complex 

elements of accessibility make it hard to globally assess it, as is illustrated by the lack of localisation 

indicators of SDG 11 (Brussel et al., 2019). Nevertheless, the implied connections to the quality of 

transport systems, housing and services, and inclusive green and public spaces make accessibility 

pivotal for realising the urban sustainable development goal. Though research has been conducted on 

deconstructing the topic and on realising accessibility —as well as interlinking elements with 

densification strategies—, a holistic framework to evaluate the effects of densification on 

accessibility and sustainability is still missing (Waters, 2016). Connecting all interlinking elements 

and basing a holistic appraisal framework on them would allow urban planners to contextualise 

evaluation methods for specific projects. 

The global nature of the UN’s Sustainable Development Goals makes them hard to implement in 

local urban planning, resulting in municipalities having non-unified metrics to appraise projects 

involving densification and accessibility (Klopp and Petretta, 2017). Similar misalignments in 

various spatial scales of urban planning —i.e., between municipal, regional, and national actors— 

are identified by Antonson et al. (2016), who states that accumulation of local focus does not lead to 

regional planning goals. The subjectivity of operations that result from this lack of specificity, as 

well as the complex and multi-faceted character of densification and accessibility, also establish 

conflicts between academic research and urban planning practice. A lack of integration and 

misalignment of environmental values is established in academic literature, though is still incomplete 

in identifying which specific topics pose disciplinary discrepancies (van Stigt et al., 2015). A distinct 

gap is identified by Berghasuer Pont et al. (2021), as motivations for planning projects involving 

densification are commonly neglecting scientifically proven effects of densification. This gap 

between academic and urban planning practice is damaging efficiency of the urban co-creation 
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process, as effective interdisciplinarity is halted by conflicting views. Closing this gap would ensure 

for integrated solutions that can drive interdisciplinary sustainable development. 

1.2. Aim & Objectives 

As mentioned, the main shortcomings of existing literature in appraising densification projects are 

the lacking holistic appraisal frameworks and a disciplinary gap in values and motivations. This thesis 

aims to provide a comprehensive indicator framework on which densification projects can be 

appraised according to sustainability and accessibility. This would require understanding the 

interconnectedness of all aspects involved, as well as forming a basis to quantify its e ffects. 

Furthermore, this research is accompanied by illustrating disparities in actor group’s priorities related 

to densification and accessibility. Any discrepancies and potential biases identified are to be 

understood on a more specific level to identify shortcomings for interdisciplinary practice. These two 

main objectives are translated into the following research questions:  

1. How can densification projects be evaluated by quantifying its effects on accessibility and 

sustainability? 

2. How do values and priorities differ between academics and urban planners and between 

urban planning actors across different spatial scales? 

These topics are to be addressed by developing a multi-criteria decision methodological framework, 

which allows for representation of complex systems through the use of indicators (Mouter, 2021). 

This would require the identification of topics relevant to assessing the far -reaching effects of 

densification on accessibility and sustainability. These identified topics are utilised to identify  

discrepancies between disciplines and spatial differentiation, by them prioritising indicators and 

assigning them numerical priority values according to Saaty’s (2008) Analytical Hierarchy Process 

(AHP) framework. The ultimate objective is for this framework to be operationalised to both illustrate 

important topics and actors’ opinions. Using the composite values of all involved stakeholders, this 

would provide a framework based on which they will be able to evaluate scenarios of new 

densification projects, involving new infrastructure. 

1.3. Context of Study & Stakeholders 

This study focuses on implications of densification on spatial urban planning by focusing specifically 

on ex-ante evaluation methods. Spatial planning is a multifaceted activity that fulfils many purposes, 

though aims to influence patterns of land use and land cover (Hillier, 2007). The focus of this study, 

therefore, assumes the focus on changes in the physical construction of space. The process leading 

to changes in configuration, as stated by Hersperger et al. (2018), contrives of land change intentions 

and planning implementations, both of which are driven by governance and external conditions. A 

focus on post-ante evaluation, i.e., of the intentions, specifically aims to provide information  that 

predicts the optimality of a scenario (Oliviera and Pinho, 2010). It requires spatially explicit 

information to guide the decision-making process to be compatible with geographical information 

systems (GIS) (Jankowski, 1995). GIS can integrate location data in cartographic models to guide 

analysis and visualisation of urban data. Raw data types used in modelling are highly numerical, 

mainly spatiotemporal variables, which disallows qualitative data to be incorporated in spatial 

analysis (Goodchild, 1987). This means that performance criteria opted in this research also need to 

be spatially quantifiable, which prevents metrics such as design, participation, and wellbeing, to be 

accurately presented. Spatially quantifiable data can visualise trade-offs and allows for GIS 

information to guide multi-criteria decision-making processes, such as the AHP used in this research 

(Jankowski, 1995). Projects that can be evaluated within this focus follow the spatial land change 

intentions, as put by Hersperger et al. (2018), regard location and extent of built-up development in 

mixed land uses and densities, construction of facilities, consolidation of transport and green 

infrastructure, and strategic projects. The spatial differentiation among actors, requires thi s 

framework to be adaptable to various scales of infrastructure, e.g., facilities on local scale, train 

stations on regional scales, and railways on national scales.  
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Actors involved in urban planning represented in this study follow the geographical case of the 

Greater Gothenburg region, which is a collection of municipalities in Western Sweden contriving the 

second largest metropolitan area in Sweden. Besides the city of Gothenburg, it includes the 

municipalities: Ale, Alingsås, Härryda, Kungsbacka, Kungälv, Lerum, Lilla Edet, Mölndal, Partille, 

Stenungsund, Tjörn and Öckerö. Göteborgs Stad, the municipality associated with the city of 

Göteborg, is considerably bigger than other municipalities and will be considered as a super-local 

scale actor to identify differences between local-scale actors. These municipalities make their own 

general plans and project evaluations, though inter-municipal collaboration in, among others, 

regional planning is promoted by Göteborgsregionen (GR). GR is a municipal association that fosters 

politicians to meet officials to exchange experiences to decide on new joint ventures. On a spatially 

larger scale, Trafikverket, the Swedish Transport Administration, is a state public administrative 

authority that guides planning of the national transport system, including the construction, operation, 

and maintenance of state roads and railways. Trafikverket’s Western administrative region includes 

the entire Greater Gothenburg region and, therefore, Göteborgsregionen, illustrating their spa tial 

interconnectedness. Additionally, the national scale is represented by the consulting engineering 

group Ramboll, who frequently collaborate with Trafikverket and municipalities in infrastructure 

construction. Specifics of actors in academia, who are not bound by varying spatially scales, are 

mentioned in chapter 3. 

This thesis report will be outlined according to answering the two main research questions. Chapter 

2 will provide an overview of the scientifically proven effects and determinants of densification and 

accessibility. Interlinking the effects of each aspect will be illustrated accordingly, which will provide 

a systematic overview of planning- and sustainability-related elements of accessibility and 

densification. This chapter will also focus on demonstrated missing links in current interdisciplinary 

practice. Chapter 3 will outline the methodology by which the systemic densification-accessibility 

dynamics can be utilised for project appraisal and how priorities of different actors will be quantified 

to illustrate disciplines’ positionality. The ensuing chapter 4 will present the research results, which 

will focus on the established indicator framework and provide an overview of responses from 

participants. Analysis and discussion of these results will be further elaborated on in chapter 5, which 

will provide insight on how the results relate to global implications. Any decis ive conclusions will 

be presented in chapter 6, as well as limitations of the study, which can be adopted in future research.  

2. Background 

2.1. Densification 

The process of increasing urban density, i.e., the growing number of residents, buildings, or utilities 

in any given parameter within a settlement, is increasingly being used as a tool for controlling land 

use in spatial planning (Berghauser Pont et al., 2020). Mainly, densification can be used as a planning 

tool to realise accessibility and sustainability by combatting urban sprawl and aiding in constituting 

compact cities. Highly dense areas being more efficient in land use is mainly used as an argument to 

realise urban sustainable development, which can variously result in social, environmental, and 

economic benefits (Boyko and Cooper, 2011). These multi-faceted impacts show how densification 

can be a powerful tool in urban sustainable development. 

The scalability of density, which can either be restricted to a specific dwelling or to entire 

metropolitan areas, allows the concept to be widely applicable for appraising effects of urban 

planning projects. The interrelatedness of spatiotemporal scales, however, also provide complexity 

of measuring the effects of densification. This complexity is problematised by Boyko and Cooper 

(2011), who argue that urban density is a composite of various concepts, including compactness, 

intensity, pressure on non-built space, and height. Furthering this notion, fluctuations in density allow 

for a vast array of environmental, economic, and social consequences. These effects may impact 

people from different socio-economic classes differently, illustrating a non-linear progression of 

implied effects (Eggimann et al., 2021). This complexity both convolutes straight-forward appraisal 

of projects and complicates interdisciplinary urban planning. 
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Though the optimal utilisation of densification as a strategy is still uncertain, it is more increasingly 

used in spatial planning, landscape architecture, and policymaking for combatting contemporary 

urban issues, like climate change, urban sprawl, social inequity, and biodiversity (Berghauser Pont 

et al., 2020). The opportunities for the concept to be subject to politics and subjectivities allow 

negatives externalities of densification to be omitted for political goals, resulting in limited 

communication about the complete effects. Establishing a comprehensive indicator framework that 

holistically quantifies implications of projects affecting urban density would allow for more well-

informed decision-making processes. Approaches of holistic appraisal can be used to identify topics 

for further scrutiny in reductionist analyses or context-specific cases (Tan et al., 2017). Furthermore, 

it would give city planners and involved stakeholders a more transparent and standardised basis to 

motivate urban planning decisions.  

In this section, I will go through the demonstrated effects of urban densification altering the urban 

landscape. The comprehensive foundation of externalities is based on the categorisation by Berhauser 

Pont et al. (2021), who stated the myriad of positives and negatives of densification are related to 

transport, infrastructure, economic, social, health, and environmental aspects, which are visualised 

in table 1. The benefits of higher densities mainly skew toward infrastructure, transport, and 

economics, whereas environmental, social, and health impacts tend to be more mixed or negative in 

consequences. Though excessive in representation in transport and economic dimensions, the effects 

of densification on socio-environmental topics are still relatively underdeveloped in scientific 

research. 

Table 1. Overview densification effects (Berghauser Pont et al., 2021) 

Transport Infrastructure Economic Social Health Environment 

Private 

motorised 

Technical 

infrastructure 

Public 

finances 

Social 

equity 

Psychological 

health 
Microclimate 

Public 

transport 

Service 

infrastructure 
Productivity 

Social 

interaction 

Noise & air 

pollution 
Biodiversity 

Active 

transport 

Water 

management 

Property 

values 
Crime 

Physical 

health 

Ecosystem 

resilience 

Traffic 

safety 

Recreational 

infrastructure 
 Wellbeing  Macroclimate 

Travel 

behaviour 

Resource 

efficiency 
    

2.1.1. Transport effects 

Effects of urban density on transport are by far the most studied topic in prior research. Mostly, 

findings illustrate positive effects associated with transport development (Berghauser Pont et al., 

2021).  The extensive representation in research allows transport to have a considerable foundation 

for relatively well-researched and well-developed indicators on which exact effects are measured. 

This extensive representation is caused by the compactness of a city having a direct effect on 

accessibility to services and reliance on certain modes on transport. Berghauser Pont et al. (2021) 

distinguish three transport modalities —car, public, and active transport—, which affect and are 

affected by car ownership, trip distance, choice of modality, traffic safety, travel behaviour, and 

energy use. These modalities are the main topics focused on in this section. 

Densification clearly affects travel behaviour and choice of transport modality by the local population 

(Naess, 2003). Denser urban areas, especially when measured in residential density, directly allow 

for less usage of transport modes that rely on inefficient energy sources (Grazi et al., 2008). 

Practically, this means that people opt for private vehicular transport les s often, which soften the 

burden of relying on fossil fuels, as Ding et al. (2017) mentions that less kilometres are travelled by 

cars as a city’s built density increases . Denser urban areas also indirectly change people’s travel 

behaviour, as it reduces the need of car ownership and usage, measured by trip distance. Transport 

systems are explicitly mentioned in SDG 11.2 ‘sustainable and accessible transport systems’, though 

their direct effects on pollution through reduced fuels allows them to contribute to SDG 11.6 ‘urban 

environmental impact’ as well (UN, 2018). Indirectly, active transport, i.e., walking and cycling, can 
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equalise distances to facilities among citizens, allowing these effects to also affect SDG 11.3 

‘inclusive and sustainable urbanisation. 

2.1.1.1. Public transit 

There is a clear relation between population and housing density and the density of rail -based public 

transport networks, network lengths, and stations (Ingvardson and Nielsen, 2018). Saelens et al. 

(2003) reinstate this that public transport is preferred over private motorised transport if the transport 

infrastructure allows for it. Though this has shown to positively relate to public transport ridership, 

the density of job opportunities has a more direct effect on public transport utilisation (Javaid et al., 

2020). Employment density increases with population density, however, thereby establishing a 

feedback loop, reinforcing the magnitude of each effect.  

The provision of adequate infrastructure is equally important for ridership, however, as better public 

transit infrastructure combats car use by providing adequate alternatives. Ingvardson and Nielson 

(2018) establish a particularly unique mutual dependence on urban density and metro network 

coverage. Densification requires high-capacity and reliability of metro networks, whereas the high 

construction cost of these networks requires dense populations to ensure sufficient ridership to 

compensate for initial investment. This interdependence shows that densification does not only create 

opportunities for extended travel infrastructure, but also relies on it.  

Determining individual motivations of using public transport are too complex to allow for linear 

densification. Nevertheless, the socio-environmental effects of altering one’s travel behaviour are 

quite well understood. Increased public transport ridership causes CO2 emissions to be reduced by 

decreasing car transit (Grazi et al., 2008). This correlation is backed up by higher densities in urban 

areas experiencing lower emissions in absolute numbers. Furthermore, opting for public transport 

can have a multitude of socio-economic effects, though these will be discussed in further detail in 

section 2.2 when describing the importance of accessibility. 

2.1.1.2. Active transport 

Adopting walking and cycling —both comprising active transport modality— are, likewise, linked 

to areas with higher densities (Vale et al., 2016). The duality is undermined in academic research, as 

most publications tend to focus highly on walking, whereas cycling is less prominent in commonly 

researched areas: North America and Asia. The actual effects may have different or more varied 

implications for cycling-active areas in Europe. It is a complex element to determine by density alone, 

however, as it is also highly affected by mixed land use, connectivity, and accessibility of services . 

Closer proximity to employment mainly affects kilometres travelled by foot. Other services, 

including retail, and overall proximity to connected city centres are also pivotal for a decreased 

reliance on motorised transport (Naess, 2003; Chen et al. 2008; Ding et al., 2017). Grasser et al. 

(2012) furthers that housing, population, intersection density, and overall walkability consistently 

promote walking. Saelens et al. (2003) define a clear distinction between proximity and connectivity 

that determine whether land use influences the choice of using motorised or non-motorised modes of 

transport. Proximity, i.e., the physical distance, is primarily affected by density and fostered by 

compactness and variety of land uses, allowing for services to be proximate. Connectivity  implies 

the ease of moving to destinations, demonstrated by a lack of physical and figurative barriers. 

Densification has a considerable positive effect on both (Ibid.). A mixture of land uses can reinforce 

this effect, meaning that facilities can theoretically still be proximate in urban sprawl.  

Similar to public transport, the effects of active transport are equally widespread, contributing to 

physical and psychological health, reducing collective costs, combatting fossil fuel-based transport 

modes, and enabling social equity and interaction (Rabl and de Nazelle, 2012). The provision of 

adequate infrastructure and the absence of interference of other transport modalities increase 

connectivity and use of active transport modes. Nevertheless, these dynamics are highly vulnerable 

to being exclusionary according to socio-economic differences. Population segments with higher 

incomes tend to commute using active transport modalities more often (Mackenback et al., 2016). 

Inequalities among opting active commuting between economic groups are exacerbated when parking 

fees are increased. Due to these barriers halting connectivity, benefits of active commuting become 
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inaccessible for lower economic classes, i.e., resulting in higher paying jobs to become more distant 

for lower income areas (Mackenback et al., 2016). This reinstates the importance of connectivity to 

employment opportunities and to walkability. Furthermore, public transport’s connectivity is 

reinforced by being proximate enough for a person to walk to for it to enable societal benefits 

(Waters, 2016). Active transport is, therefore, a highly multi-faceted element, being complexified by 

spatially and socially differentiated accessibility. 

2.1.1.3. Traffic Safety 

In academic research, traffic safety is a more tumultuous category in its effects related to urban 

density and transport. Berghauser Pont et al. (2021) mention that a varying articles have conflicting 

notions about the effects of densification on traffic safety, as some identify a positive relation 

between density and the amount of traffic accidents, whereas others imply fewer accidents and 

fatalities stemming from increased population density. Stavroulaki and Berghauser Pont (2020) 

provide a more nuanced view, potentially explaining this discrepancy: the number of crashes 

increases with higher density, though the severity of injuries in central locations is lowered due to 

lower vehicular speeds. Najaf et al. (2018) provide further insight by stating that the spatial 

distribution of employment has a similar effect on the number of fatal crashes as urban density. The 

number of conflicting claims on the relation of density and safety make it a difficult category t o 

appraise linear effects, though indicators can still hint to the aforementioned interrelations.  

2.1.2. Infrastructure 

Public infrastructure, encompassing technical, service, water, and recreational infrastructure, 

generally tends to be positively affected by higher urban densities (Berghauser Pont et al., 2021). 

Collier and Venables (2016) argue that infrastructure is crucial for densification to be successfully 

implemented, as it supports population and employment density. This notion has considerable 

connections to transport opportunities, as aforementioned, allowing it to be intertwined with 

infrastructure and urban density. Better infrastructure and transport links enhance accessibility and 

create user-benefits, thereby supporting projects that alter urban density to maximise return on 

investment, as shown in Ingvardson and Nielson’s (2018) established mutual dependence between 

density and metro infrastructure. Likewise, this required degree of density creating demand for 

proposed infrastructure projects also applies to other public transport modes. This results in 

densification fostering accessibility, which promotes further densification, producing a reinforcing 

feedback loop (Ibid.). Besides supporting benefits of transportation effects, his focus on enabling 

access allows infrastructure to be pivotal for achieving SDG 11.3 ‘ inclusive and sustainable 

urbanisation’ (UN, 2018). 

2.1.2.1. Water management 

Like functional infrastructure, reduced necessary distances coverage due to increased utility density 

allows water management infrastructure to be more efficient. If more users are reached with a similar 

number of facilities, it allows for more focused operations and subsequent lower relative effort and 

costs for operating and maintaining these services (Pflieger and Ecoffey, 2011). The costs for 

equipment and maintenance are higher in absolute values in denser areas, though economies of scale 

allow the relevant values to be considerably lower. This is fostered by densification on more regional 

scales, proximity to water facilities and elevation (Ibid.). The efficiency of water distribution services 

depends considerably on the network connectivity and the waste management of relevant 

infrastructure (Eggimann et al., 2021). Surface water management does suffer from densification, 

however, resulting in socio-environmental challenges (Kim et al., 2016). The confined state of 

biodiversity depending on surface water management due to lacking permeability of soil is a threat 

of quality of ecology and recreation. 

2.1.2.2. Energy consumption 

Similar to water provision services, energy consumption per capita is linked negatively with higher 

dense urban areas. This is a product of more efficient cooling and heating systems, as well as reduced 
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distance required to be travelled with motorised transport modes (Carmona et al., 2010). Though a 

link between density and lower relative transport energy consumption is established, it is defined by 

a multitude of socio-economic levels. A compact urban space allows for less dependence on 

inefficient private vehicle transport, though the proximity of services and public transport is pivotal 

for realising these benefits.  

Density is linked to the heat island effect, which results in urban areas experiencing higher 

temperatures than outlying areas (Kelbaugh, 2019). This allows winters to be milder, resulting into 

lower demand for heating energy, though thereby creating more demand for cooling energy in 

summers. The lower heating energy demands are heavily affected by the operational energy of 

building design (Du et al., 2016; Silva et al., 2017). To a lesser extent, land use also affects heating 

energy demand, furthering complexity on determining the degree of urban density’s effect. On a more 

global spatial scale, energy networks tend to be more efficient in compact areas due to economies of 

scale and their inherent ability to reach more people within the same functional limits (Eggimann et 

al., 2021). This applies to connectivity of the electricity grid, gas networks, and district heating and 

cooling systems. High energy prices and high income lower energy consumption and carbon 

emissions further, implying unequal access to energy-reduction solutions in household structures 

(Ibid.). These socio-economic elements weight considerably in assessing energy use, making linear 

appraisal of densification effects limited. Alternatively, urban green areas provide cooling 

opportunities in urban areas to combat this issue, allowing for external solutions.  

2.1.2.3. Resource efficiency 

As is mentioned for water management and energy systems in particular, economies of scales are 

contributors to resource efficiency and infrastructure’s positive effects in dense urban areas. 

Economies of scales allow services to be supplied to more users within the same or similar 

boundaries. This applies for recreational and service infrastructure as well, as it mainly determines 

how accessible utilities are. As density increases in a neighbourhood, the area tends to have a greater 

mixed of land uses and higher street connectivity (Saelens et al., 2003). The required investment is 

also lower, as less distance is to be covered, resulting in considerable economic benefits of 

densification. 

2.1.3. Economic effects 

Generally, densification has a positive relation to economic impacts, though they are slightly more 

nuanced than impacts related to public infrastructure and transport (Berghauser Pont et al., 2021). 

This section discusses the implications of urban density and public finances, labour productivity, and 

property values. Though not directly affecting any SDG 11 subgoals, larger socio -economic benefits 

of SDG 1 ‘no poverty’ and SDG 8 ‘decent work’ can alter the inclusivity of urban development, 

thereby contributing to SDG 11.3 ‘inclusive and sustainable urbanisation’ (UN, 2018). 

2.1.3.1. Public finances 

Overall, public finances are beneficially affected by densification. As aforementioned, economies of 

scale and compactness of settlements and neighbourhoods allow per capita spending on infrastructure 

and public services to drop considerably with increased urban density (Collier and Venables, 2016). 

Compactness of a settlement is the dominant factor, as dense but sparsely distributed area would still 

entail highly inefficient public spending per capita (Álvarez et al., 2014). This furthers the need to 

combat urban sprawl specifically. Though density is important, infrastructure can aid in reaching 

size-cost optimality to lower spending per capita on urban functions (Arbabi et al., 2019). Besides 

technical infrastructures, cost efficiency extends to spending on parks, education, and community 

development. Conversely, higher urban density entails higher absolute costs for public safety, 

involving increased spending on accidents and crime (Iwata and Managi, 2016). Nevertheless, the 

fiscal benefits seem to outweigh the costs. 

2.1.3.2. Labour productivity 

Labour productivity is the most commonly discussed economic impact of densification in literature 
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(Pont Berhauser et al., 2021). The agglomeration effect of densification tends to increase 

productivity, employment rates, and number of companies, entrepreneurs, and innovations. This 

relation seems to be relevant among various occupational sectors, as well as among spatiotemporal 

differentiation (Rosenthal and Strange, 2004). Further, productivity is enhanced by intracity transport 

and mobility infrastructure, as well as the employment density in an area. Density -induced 

connectivity is essential for higher productivity and employment opportunities , as it drives 

entrepreneurial ability and economic output (Arbabi et al., 2019). Compact cities, therefore, seem to 

be essential for economic productivity, though accessibility is vital for distribution of effects. 

Nevertheless, the sheer agglomeration effect, fostering economies of scale, is applicable here as well, 

as denser populations become more effective at instituting commercial establishments (Shearmur, 

2012). Agglomerated areas provide both cost- and risk-reducing circumstances for entrepreneurial 

development, which especially increases initial investment, though this effect is less elastic for well -

established firms. Though these effects are clearly linked within particular urban areas, the 

externalities are also implied through connectivity between multiple areas. 

Experiencing high concentrations of entrepreneurial ability can encourage dynamic economic 

development due to compactness of financial resources and intellectual capital, which enhances 

innovation (Ranhagen, 2020). The measurability of innovation in a set area is highly intangible, 

however, due to its highly qualitative nature. Shearmur (2012) argues that centralising market powers 

that drive innovation are not inherently more innovative. Rather, they are just more closely connected 

to each other. Conversely, urban areas with too high densities can lead to a diseconomy point where 

entrepreneurial ability is countered by traffic congestion and environmental pollution. The intensity 

of the effect that agglomeration has on productivity also varies per region, however, indicating that 

this component has multi-dimensional determinants (Rosenthal and Strange, 2004). Likewise, though 

remaining positive, the effects vary in magnitude per industry (Cruz and Teixeira, 2014). 

Furthermore, the costs of settling in an area with high employment density outweigh the benefits due 

to increased competition and congestion, resulting in diminished start -up activity once density levels 

are too high (Ibid.). The spatial inequalities in effects indicate that productivity and innovation are 

not valid metrics to completely assess the effects of densification. Rather, Shearmur (2012) proposes 

the connectivity of street networks and accessibility of entrepreneurial possibilities to be relevant to 

spatially appraise its effect. 

2.1.3.3. Property values 

Though economies of scale, implying decreased public spending and greater resource efficiency, 

might suggest that cost of living go down, property values counter this effect. Increasing density has 

a very direct effect on increasing property values and, subsequently, housing prices (Nilsson, 2017). 

Increased property values are also considerably determined by proximity to open areas and urban 

blue and green spaces. Accessibility is, therefore, again an essential extension of natural  densification 

effects. Diminished household accessibility due to housing prices prove to be an increasingly 

complex point of discussion, as densification is inherently a tactic to accommodate a growing urban 

population. Its externalities to property values intrinsically create barriers to reaching 

accommodation (Cavicchia, 2021). Martino et al. (2021) describe liveable cities to be accessible, 

socially diversified, affordable, and economically vital. Though economically vital, densification and 

subsequent increased property values might have various implications for socio-economic disparities. 

2.1.4. Social effects 

2.1.4.1. Social Equity 

Inequality of economic opportunities poses a great threat to social equity, relating to social fairness, 

inclusivity, and less alienation of people from living spaces and communities. If housing prices 

uncontrollably increase due to market prices, it leads to exacerbated social exclusion by establishing 

barriers for lower economic classes in accommodating themselves in denser urban neighbourhoods 

(Cavicchia, 2021). Likewise, dense urban areas naturally become attractive for investors, businesses, 

and highly skilled people, resulting in those who cannot afford housing and services being pushed 

out of a neighbourhood and its employment opportunities. This results in a reinforcing feedback loop 
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of depriving people of economic opportunity. Areas where economic opportunities are more 

prevalent attract people who are in higher economic classes, leaving lower classes remote from job 

and service prospects. Other papers indicated a more positive association with density and social 

equity, however. Price polarisation is generally lower in highly dense areas, though overall housing 

affordability remains low meaning that entire settlements become inaccessible for lower incomes 

(Antoniucci and Marella, 2018). The relation between socio-economic conditions, density, and social 

equality is far from linear, however. Marcińczak et al. (2015) argue that spatial configuration cannot 

predict distribution of socio-economic classes, as institutional development and ethnicity can be 

considerable variables in constituting spatial inclusion. 

Nevertheless, although densification can entail unequal access to mobility, residential density seems 

to equalise opportunity among gender and racial segments in terms of access to employment 

opportunity, public services, and urban amenities, whereas these issues would be exacerbated in 

urban sprawl (Wei and Ewing, 2018). Inequalities are still highly prevalent in urbanised areas, 

however. Higher population sizes and urban densities correlate with lower incomes growing 

proportionally less than higher incomes, widening the wealth gap (Sarkar et al., 2016). Furthermore, 

areas with higher economic inequality and higher unemployment were linked to lower public 

transport ridership (Ingvardson and Nielsen, 2018). The growing inaccessibility of mobility for lower 

incomes limits the received benefit from connectivity. 

Urban density-induced social equity poses a multi-faceted issue for planning. Scheba et al. (2021) 

mention that density and inequality dynamics of a neighbourhood is inherently linked to historic al-

economic background of a neighbourhood. Intervention of economic inequality would require 

purposeful intervention through planning, as self-emergent circumstances would exacerbate these 

issues. Planning is highly interpretive, however, as these aspects tend to be more qualitative in data 

accessibility. Similarly, other social aspects affected by urban density —social interaction, crime, 

and wellbeing— are also highly qualitative in interpretation. Berghauser Pont et al. (2021) mention 

that all social impacts collectively are quite negatively affected by densification.  

2.1.4.2. Social interaction 

Higher urban density is linked with opting a more indoor lifestyle, higher value for privacy, and 

reluctancy toward newcomers in a neighbourhood, highly impending on its social interaction (Li and 

Sunikka-Blank, 2021). This phenomenon is heavily linked with the number of instances a talk takes 

place with immediate neighbours being lower in highly dense areas. The amount of people and 

diversity of characters faced by neighbours make people less inclined to socialise (Nematollahi et 

al., 2016). The increasing chance of meeting more people in a certain area makes people less inclined 

to accept densification strategies, which is a considerable challenge for urban planning accept ance. 

Though the degree can be defined by a pivotal threshold, as low-density housing is less preferred 

than medium density housing, while high density housing is the least preferred (Ibid.). Identifying 

this point of diminishing returns is essential for effective planning around density externalities. This 

threshold also explains the diminishing sense of community as densification grows within a 

neighbourhood. Perceptions of safety, interaction, and stability also lower as density grows (Dempsey 

et al., 2012). These effects are also related to the number of open green spaces in the immediate 

vicinity, as well as mixed land use, furthering the widespread possibilities of both instruments to 

counter externalities of densification. Counterintuitively, as connectivity increases with density, it 

clearly benefits economic sectors by having more opportunity to network (Sarkar et al., 2016). This 

relation shows that socio-economic opportunities created through social interaction can foster social 

equity.  

2.1.4.3. Crime 

Built environment, which is affected by urban density, has a central position to crime statistics; 

especially showing positive correlations with burglary (Carmona, 2019). Areas that are characterised 

by higher population densities also tend to have higher crime in general, though perceived density is 

as strong a determinant here than actual density (Iwata and Managi, 2016). Crime rates have a 

multitude of determinants, however, including socio-economic inequality, unemployment, poverty, 
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as well as built urban form (Wells and Weisheit, 2004). Crime, therefore, is linked with various other 

aspects that are indirectly affected by urban density. 

2.1.4.4. Wellbeing 

The highly subjective nature of wellbeing makes it a complex element to evaluate. This complexity 

causes it to be considerably underrepresented in prior research, as it is less frequented in scientific 

articles’ topics. Mainly, studies indicate negatives effects of densification on wellbeing (Berghauser 

Pont et al., 2021). Housing density mainly shows a direct correlation with lower rates of self-assessed 

health, which is indicative of wellbeing (Badland et al., 2017). Though only encompassing partial 

aspects of wellbeing, the topic is inherently linked with psychological health, which has been the 

topic of research more often. This equally complex aspect is elaborated on in section 2.1.5.1. 

2.1.5. Health effects 

Urban density generally has a negative relation to health, which is especially detrimental to 

psychological health (Berghauser Pont et al., 2021). Further health aspects discussed in this section 

are obesity, noise, and air pollution, which have intertwined effects on both physical and 

psychological health. Densification also has the overarching effect of resulting in better connectivity 

to physical and mental health services, both in provision of therapeutic services, exercise, and 

nutrition (Carmona, 2019). Nevertheless, externalities stemming from urban densification have a 

myriad of effects on physical and phycological health. 

2.1.5.1. Psychological health 

Density has a considerably diminishing effect on mental health. Gruebner et al. (2017) illustrate this 

by linking higher mental illness statistics to urban areas rather than rural areas. Health and density 

are also shaped by more complex psychological, social, and economic aspects, however, making 

prediction of the full extent of effects difficult. Badland et al. (2017) describes a clear link between 

housing density and poorer perceived health. Additionally, increasing shares of rental properties and 

unaffordable housing further deteriorate community satisfaction and mental health. Poverty in lower -

class neighbourhoods consequentially contribute to a mental health burden (Gruebner et al., 2017). 

This shows that the link between social equity and mental health can be exacerbated by externalities 

caused by resident density. Nevertheless, greater density and the access to services also have positive 

effects to mental health (Ibid.). 

The aforementioned categories described by Badland et al. (2017) also decreased perceived safety, 

further intensifying the poor relation between density and mental health. Like various other elements, 

safety reaches a threshold at medium-high density, where the fear of otherness outweighs the social 

control of urban population (French et al., 2014). Fear of crime and sense of community can be 

positively altered by pedestrian-friendly neighbourhoods, though French et al. (2014) describe that 

perceived safety is more impactful than objective safety, resulting in a highly qualitative measure of 

density impact. Feeling safe and having a sense of community is, therefore, substantial for increasing 

psychological health. 

Furthermore, lacking open space and compactness of built areas also effect stress in a neighbourhood 

(Knöll et al., 2018). The importance of open (green) spaces is thereby furthered, which counters 

opportunities of housing density. The psychological effects of green (areas) on mental health are also 

not to be understated, as Lee and Maheswaran (2011) state these areas to be of considerable  

importance for mental health. There is also a correlation between perception of general perceived 

health and social interaction and the amount of urban green spaces, further increasing the wide 

importance of access to green spaces. This relation, among other factors adding to mental health, is 

hard to determine precisely, however, as a complex multitude of determinants affect mental health.  

Melis et al. (2015) found that access to public transport and dense urban structures reduces the risk 

of depression. This notion builds on wider social interaction resulting in better psychological health. 

Nevertheless, increased traffic has a direct negative effect on mental health, reinstating the 

importance of walkability (Bornioli et al., 2018). Attractiveness of an area and historic elements also 
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reinforce both walkability and mental health, though this is highly subjective and its effect is 

exacerbated by traffic density. Bornioli et al. (Ibid.) furthers that traffic has various other 

interconnected physio-psychological health impacts. 

2.1.5.2. Health related to air & noise pollution  

Psychological health and overall wellbeing are further affected by environment -induced stress by 

noise pollution. Traffic density, accommodating residence density, increases noise levels in urban 

areas, which has clear links to negatively affecting psychological health and cardiovascular disease 

(Salomons and Berghauser Pont, 2012). Similarly, vehicle-induced air pollution increases as traffic 

density increases, resulting in major implications for lung and cardiac disease (Yang et al., 2020). 

Densification has overall ambiguous effects on physical health, however, as more active modes of 

transport can provide relative benefits. Likewise, the provision of green areas and public transport, 

simultaneously minimising motorised vehicles use, could negate these effects (Mou et al., 2018). 

2.1.5.3. Other physical health aspects 

As aforementioned, active modes of transport (walking and cycling) are linked to areas with higher 

density and have myriad of socio-environmental effects, including phycological and physical health 

(Vale et al., 2016). A clear link to describe its effects is that Body Mass Index measures are lower in 

areas where density is higher (Yamada et al., 2012). A clearly demonstrated link determining active 

transport is noticeable between employment density and population density, though mixed land use 

also promotes recreational active travel. Yamada et al. (2012) state that clear urban design focusing 

on population density, mixed land use, and pedestrian-friendly infrastructure across spatial scales 

considerably enhances walkability. Access to urban green areas also majorly facilitate physical 

activity, illustrating the far-reaching health benefits of integrating urban green areas in mixed land 

use (Lee and Maheswaran, 2011). Other physical health impacts that are mentioned by Sarkar and 

Webster (2017) include that higher population density is correlated with faster spread of disease and 

higher traffic density increases injury and mortality in highly densified areas. Overall, both physical 

and psychological health are considerably negatively affected by densification, though and use seems 

to provide possible solutions for tackling these issues. Though highly varied and complex, socio -

medical effects can help establishing SDG 11.3 ‘inclusive and sustainable urbanisation’ (UN, 2018). 

The explicit focus on affordable housing also relate to SDG 11.1 ‘adequate and affordable housing’, 

however. 

2.1.6. Environmental effects 

Similar to social and health impact, densification also mainly has negative implication to 

environmental aspects. Berghauser Pont et al. (2021) focus on three distinct ecological categories 

affected by density: microclimate, biodiversity, and macroclimate. Furthermore, ecosystem resilience 

encompasses all three categories. Due to ecosystem’s far-reaching effects, densification’s 

environmental effects can foster SDG 11.4 ‘strengthening natural heritage’, 11.5 ‘reduce socio-

economic effects of natural disasters’, 11.6 ‘reducing cities’ environmental impacts’, and 11.7 

‘providing universal access to green and public spaces’ (UN, 2018). 

2.1.6.1. Microclimate 

The aforementioned relation between traffic density and air pollution is indicative of overall 

environmental effects of densification to urban spaces (Yang et al., 2020). Though air pollution 

contributes to smog, the heat island effect, though reducing energy needs, is detrimental to an urban 

area’s microclimate by both concentrating heat and air pollution (Kelbaugh, 2019). This effect is 

intensified by trapped heating through building density (Yin et al., 2018). The heat island effect 

increases temperatures in urban areas, mainly through land surface temperatures, though it also 

extends to air temperature (Ningrum, 2018). This affects micro-climactic impacts, such as local 

weather conditions and irregular precipitation patterns, which indirectly affect health and energy 

consumption. Land use can be defining for the extent of the urban heat island effect, illustrating that 

densification strategies can coincide with sustainable environmental planning (Yin et al., 2018). 
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Furthermore, the intensity of the effect can be negated by tree cover ratio and urban form of built 

areas, further illustrating the importance of urban green areas (Lin et al., 2017). Various species of 

trees or other types of vegetation have a varying degree of effects on temperature reduction, however. 

Though the resilience of urban ecosystems is affected by a city’s microclimate, it is part of a complex 

system or interacting elements that are determined by densification.  

2.1.6.2. Biodiversity – ecosystem services 

The urban heat island effect disturbs vegetation, as higher temperatures decrease viability of species 

and populations, allowing residential and building density to have an indirect effect on biodiversity 

(Renard et al., 2019). Biodiversity seems to be harmed considerably by increased urban density due 

to lower habitat suitability in urban areas (Li et al., 2016). Lacking permeability of urban grounds 

furthers soil pollution in urban areas, which harms species and population biodiversity of vegetation 

in urban landscapes (Peng et al., 2017). Furthermore, higher shares of impermeable surfaces 

negatively affect water flow and increases inorganic nitrogen fluxes (Berghauser Pont et al., 2021). 

Urban sprawl, however, is a threat to biodiversity as well, illustrating that density itself does not 

contribute to biodiversity loss but, rather, urbanisation in general (Li et al., 2016). Mixed land use, 

allowing for more green spaces and efficient planning combat this issue.  

2.1.6.3. Macro-climate – climate change 

Densification has more diverse macro-climate effects. Though too multi-faceted to be affected by 

density, CO2 emissions —in absolute numbers— are lowered in densified urban areas. Grazi et al. 

(2008) estimates that an increase of 500 households per km 2 lowers emissions by 15%. The authors 

also mention densifying areas within financial, political, historical, social, and environmental 

constraints is essential for proper emission reduction. Though GHG emissions are centred around 

dense areas, the total amount emitted decreases (Holz-Rau et al., 2019). Reduced overall energy use 

and a decreased dependence on private motorised vehicular transport have a bigger impact on the 

macroclimate than on the emission-dense urban scale. The urban heat island effect can extend to 

increase temperatures to more global climate change (Renard et al., 2019). This is a reinforcing 

effect, as increased global warming intensifies the urban heat island effect, which positively affects 

the global climate (Alcoforado and Andrade, 2008). Indirectly, this also boosts emission density in 

urban areas, illustrating a system of interconnected elements over spatial scales.  

2.2. Accessibility 

Densification and accessibility are considerably intertwined; both in their natural ability to be co -

emergent and in the ability to counter the degree of each aspect’s impacts. Waters (2016) mentions 

that urban density can foster accessibility, which can enable favourable conditions for realising 

sustainable development. As density, in and of itself, implies a complex web of implications on 

human and environmental wellbeing, accessibility provides a stable, though equally complex, 

opportunity to increase human wellbeing. It is especially relevant for achieving social sustainability 

by allowing accessibility to improve social equity and community values, as it equalises opportunities 

of benefitting from employment, services, housing, transport, recreation, and social interaction 

(Pitarch-Garrido, 2018). Denser communities can shape locally accessible environmental conditions, 

by allowing for greater walkability and better access to urban green spaces (Grasser et al., 2012; 

Güneralp et al., 2017). This is strengthened by conditions enabling active modes of transport. This 

effect is reiterated by Smith et al. (2017), who mention that built environment and land uses that 

provide attractive, connective, and equally accessible infrastructure allows active travel to become 

more common. 

Accessibility is key determinant from avoiding urban growth to result into sprawl rather than 

densification of built-up areas (Weilenmann et al., 2017). Particularly, it has the potential of 

public/private transport to enable commuters to reach services. An area can still be victim of sprawl 

and be accessible, mainly through connectivity of secondary settlements or suburbs and the ability to 

reach city centres where services and jobs are more abundant. It directly causes built -up areas to 

increase, however, resulting in increased density. Furthermore, it increases utilisation density, 
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allowing for more efficient use of a variety of resources. Accessibility, as put by Waters (2016), has 

a more normative focus than the highly functional focus of density, as its implications stretch beyond 

physical places to the utilities supplied by those places. Nevertheless, both factors still focus highly 

on transport, social dimensions and equity, causing both aspects to be highly interconnected. This 

section will describe how accessibility is multi-functionally defined to allow for favourable 

conditions that could be affected by densification and avoid possible negative impacts.  

2.2.1.1. Defining Accessibility 

Accessibility is a topic that has been taken up more often in comprehensive planning to  tackle social 

sustainability issues (Curtis and Scheurer, 2010). It is linked heavily with mobility and, therefore, 

can be a contributor to transit-oriented development. Mainly, it aims to strengthen relation of 

transport systems by creating connectivity among places and social groups, though accessibility 

furthers this by land use connections to transportation. Following the conceptualisation of the 

concept, accessibility evolved from a functional analysis tool to a social sustainability enabler 

(Duranton and Guerra, 2016). Due to extensive use and contextual application, developing indicators 

is widely adopted and relatively mature, though the complex nature still leaves some gaps, which 

limits indicators to fully encompass appraisal opportunities for urban accessibility. 

Waters (2016, p. 29) defines accessibility as "the ability of people to reach goods or services as 

measured by their availability in terms of physical space, affordability, and appropriateness ". He 

further extends it to provision of services, job opportunities, education, housing, and the means of 

reaching any of these services. As aforementioned, density is a determinant of accessibility, though 

it is also driven by connectivity, diversity, and intensity. A composite definition of accessi bility 

including these elements is given by Geurs and van Eck (2001, p.1) who define it as "the extent to 

which the land use-transport system enables individuals or goods to reach activities or destinations 

by means of a (combination of) transport mode(s)". Geurs and van Wee (2004) further call that 

accessibility should also relate to changes in travel opportunities, land use, changes in constraints on 

demand for activities, personal capabilities, and should relate to personal access to travel and land 

use opportunities. All definitions of accessibility displayed here relate to the intertwined relation of 

land use, transportation, temporality, and needs of the individual, therefore allowing accessibility to 

be a powerful, though delicate, tool for urban planning, as it addresses a multitude of problems 

(Duranton and Guerra, 2016). In its ability to centralise transport systems and to enhance equity and 

inclusivity, accessibility mainly conditions for SDG 11.2 ‘sustainable and accessible transport 

systems’, 11.3 ‘inclusive and sustainable transport systems’ (UN, 2018).  

Waters (2016) mentions accessibility applies to the following public goods: mobility, including 

proximity and connectivity of services, and social infrastructure. He also denotes special attention to 

open (green) spaces. These categories, visualised in table 2, will be the main framework of this 

section, as the utilities, opportunities, and conflicts with densification effects will be described.  

Table 2. Overview of topics contriving accessibility (Waters, 2016) 

Proximity & 

connectivity to services Social infrastructure 

Open (ecological) 

spaces 
Public transport Spatial inclusion Open spaces 

Walkability Economic inclusion Urban green spaces 

 Social inclusion  

2.2.2. Proximity and Connectivity to Places & Services 

Though a main contributor to overall accessibility, Berghauser Pont et al. (2021) point out that 

proximity and connectivity to services is quite underrepresented in scientific research. Existing 

research on the topic notes that urban areas can provide a multitude of services to its citizens, 

including employment, commercial, groceries, schools, health care, and leisure (Thériault et al., 

2005). Accessibility allows new services to arise due to commercial facil ities become more available 

to more people, though that is driven by density as well. Though proximity to services is pivotal for 

sustainable accessibility, connectivity of services through transport modes ultimately enhances any 
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of these effects (Kasraian et al., 2017). Proximity of services itself greatly affects changes in 

proportion of built-up area, relating to greater density and mixed land use. In this section, I will focus 

on connectivity of more sustainable, and therefore more desirable, transport modes: active and public 

transport. It is essential to determine accessibility to these services, which complexifies mere 

proximity to any of these services, resulting in better accessibility.  

2.2.2.1. Accessibility of/to public transport 

Though the introduction of private vehicular transport revolutionised accessibility, public transport 

infrastructural connectivity considerably impacts accessibility today (Waters, 2016). The lack of 

physical proximity can be compensated by increasing speed, and connectivity, of tr avel through or 

to urban areas. Compactness, well-networked public transport systems can achieve effective urban 

transport (Kasraian et al., 2017). This shows that it very much concerns infrastructure, which can 

either provide more surface coverage of roads or quality of public transport to achieve access via 

velocity (Waters, 2016). This is in-line with infrastructure aspects mentioned in the densification 

part, illustrating their interconnectedness. Better accessibility of public transport and reducing ca r 

dependency can halt urban sprawl, resulting in higher natural densification opportunities (Newman 

et al., 2016). Likewise, combatting sprawl can have significant effects on equal access to services by 

affecting social equity and interaction. This will also lessen GHG emissions by decreasing the burden 

of inefficient transport, and overall wellbeing. 

2.2.2.2. Walkability 

Connectivity through active transport modes is an extension of reducing car -dependency in cities, as 

it focuses on more confined spaces and lower distances that are to be covered either on foot or by 

bike (Mavoa et al., 2012). It is interconnected with public transport, as the accessibility of active 

transport in station areas determines how likely people will use public transport and how likely the y 

will walk to any of these stations (Renne et al., 2016a). Though density has a direct effect on 

proximity, urban layout, built environment, and diversity, land use ultimately has a contribution to 

walkability (Marquet and Miralles-Guasch, 2015). It allows for better proximity of services by 

increasing the frequency of active modes of transport, thereby diminishing externalities caused by 

car-centric transport modes. Koohsari et al. (2019) further this by extending that natural movement, 

as is introduced by space syntax theory, can be linked to urban form and function. Natural movement, 

in a grid system, is the proportion of pedestrian movement primarily driven by street network 

configuration, which allows the ability of street layout itself to predict pedestrian movement. 

Likewise, street centrality and boasted pedestrian activity attract new and varied land uses, which 

subsequently attracts more people, resulting in a reinforcing multiplying effect (Hillier et al., 1993). 

Dhanani et al. (2017) further this concept by linking pedestrian movement to the broader physical 

environment, iterating the importance of access to public transport, land use, network connectivity, 

landscape architecture, and residential density. On a more socio-environmental level, road traffic, 

traffic safety, and the scale of buildings affect active mobility (Koszowiski et al., 2019). This is 

furthered by attractivity of neighbourhood, though this is highly complex to measure. Besides density 

and the configuration of street networks, the type of streets and buildings also affect pedestrian 

movement (Berghauser Pont et al., 2019; Bolin et al., 2021). Building types mainly affect the 

intensity of pedestrian movement, whereas street types affect distribution. Like public transport, 

active mobility has considerable effects on social equity, environmental impacts, though also has 

considerable health benefits. 

2.2.3. Social Infrastructure 

Access to services needs to be available for all to be equitable and, ultimately, more sustaina ble, with 

regards to demographical, physical, economic, or any other type of segmentation. Public and active 

travel modes can contribute considerably to equal accessibility. Harrisson et al. (2019) describes a 

separation between economic, spatial, and social inclusion to describe social accessibility, which will 

be used to describe their respective effects. All aspects require removal of barriers to ensure equitable 

accessibility and to ensure socially sustainable transit -oriented development. Nevertheless, all 

elements are highly interrelated and are affected by each other.  



15 

 

2.2.3.1. Spatial inclusion 

Public transport and active transport modes require to be accessible in order to be optimally used, 

though inclusive accessibility to public transport would entail equal opportunity and connectivity to 

utilise these modalities. Martens (2017) grounds his theory of sufficient accessibility on a justice 

base, implying that inadequate accessibility increase cases of transport -related social inclusion. This 

influences the opportunity of people to benefit from urban services. The distribution of accessibility 

also allows positives from more sustainable transport modes to be more effective, as they would be 

more widely adopted (Aquino and Gainza, 2014). This allows spatial inclusion on mobility to not 

only diminish social equity, but also allows benefits of active and public transport to be enhanced.  

As a city expands while functionally remaining monocentric, services tend to be less proximate for 

individuals living further away from urban centres, resulting in spatial inaccessibility (Aquina and 

Gainza, 2014). Spatial transformation through land use has a pivotal role in assuring spatial inclusion, 

as it allows to equalise access to services, such as education and employment (Guzman et al., 2017). 

Furthermore, more variety in land use could result into a fairer mobility pattern, affecting access to 

modes of transport. Similarly, socio-economically disadvantaged population groups generally have 

less access to public open spaces and urban green areas (Jian et al., 2020; Li and Liu, 2016). Equal 

opportunity would imply better benefits obtained from these services.  

As aforementioned, housing access can create major economic and social equity discrepancies. 

Densification in areas increases land value and housing prices, allowing lower income populations 

to be physically removed from relevant benefits. This diminishes the extent of the effects of inclusive 

mobility, mainly as a driver for walkability (Guzman and Oviedo, 2018). Dong (2017) identified that 

neighbourhoods with high connectivity of public transit experienced higher degrees of densification 

and increasing housing prices and rental units in housing stocks. This process results in gentrification: 

the increasing inaccessibility for lower-income households to reside in urbanised areas. 

Gentrification is generally positively associated with densification, though is exacerbated by 

accessibility to station areas (Padeiro et al., 2019). Intensified gentrification furthers centrality of 

services, allowing for lower external accessibility to neighbourhoods with lower connectivity. More 

affordable housing has the paradoxical effect of further economic implications, as households tend 

to be more burdened by transport cost (Renne et al., 2016b). Housing accessibility, however, has 

noteworthy effects on other types of accessibility. 

2.2.3.2. Economic inclusion 

Inequalities in the housing market have a considerable effect on employment and livelihood 

assurance. As an extension to housing, gentrification and non-centrality of housing in low-income 

areas entails poorer people are physically removed from productive and commercial areas, which 

tend to be in highly-connective and highly valued areas (Aquino and Gainza, 2014). Likewise, the 

number and density of employment seems to be geographically associated with socio-economic class 

distribution within a city. Mixed land use, where commercial and entrepreneurial services are spread 

equally according to housing, could result in a more inclusive urban profile.  

When linked to mobility, reducing transit fares results in higher access than increasing functionality 

or speed at similar or higher costs, illustrating the sensitivity of economic inequality related to spatial 

functionality (Bocarejo and Oviedo, 2012). Transport affordability seems to have greater 

inaccessibility effects, as it hinders accessibility to mobility and key services, such as education, 

employment, and healthcare (Lucas et al., 2016). Equal accessibility has the opportunity to close the 

gap between low- and high-incomes by equalising access to occupation (Guzman and Oviedo, 2018).  

2.2.3.3. Social inclusion  

Spatial accessibility allows for better social interaction and a sense of community, allowing socio -

cultural dimensions to foster citizenship in a neighbourhood, which can counter negative social 

effects imposed by densification. Political participation in areas with limited access to urban services 

tend to be lower than those in more connected areas (Field et al., 2004). Dai (2011) found that spatial 

exclusion also transcended to segregation of ethnic groups related to housing, resulting in poorer 
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accessibility to services. This is a highly sensitive topic to functionally include in comprehensive 

planning, however, due to socio-historical complexities. Furthermore, urbanised areas tend to be 

sensitive in becoming less accessible to people with disabilities (Hahn, 1986). This reinstates the 

importance that accessibility should not only concern distribution among the masses, but also among 

social groups. 

2.2.4. Open spaces and Urban Green Spaces 

As put by Waters (2016), public open spaces are pivotal for social interaction and community 

perceptions. Furthermore, their public character allows them being accessible to all, in theory, 

allowing them to be major opportunities for social equity. The far -reaching influence of urban green 

spaces, especially, allow them to easily be one of the most represented topics in literature related to 

accessibility. 

Urban green spaces can mitigate a multitude of issues related to densification; reaching from air 

quality, physical and psychological health, perceived safety, and community (Wolch et al., 2014). 

Utility and perceived access to recreational green space is relatively high across various levels of 

density. Access is inelastically precepted in relation to density, which allows it to not be negatively 

affected easily (Wang et al., 2015). The true effects of accessibility to urban green space, though 

generally inelastic, is more impactful to socio-environmental issues. Disadvantaged and lower-

income communities have greater reliance on public green spaces to benefit from ecosystem services 

(Lin et al., 2015). The inequality of people utilising urban green spaces can limit positive effects to 

higher socio-economic groups, exacerbating income differences (Hoffimann et al., 2017). Likewise, 

urban green areas can pose the paradoxical effect of inequal provisioning of parks and gentrification 

due to increasing land value (Wolch et al., 2014). Density and urban green spaces pose a conflicting 

relationship, however. As densification can be a threat to green cover, more green spaces limit the 

land use opportunities to maximise densification (Haaland and van den Bosch, 2015). Likewise, 

inaccessibility caused by densification and spatial inequality, can prevent integration o f benefits. 

2.3. Spatial Planning as a Complex System 

Due to the large amounts of interacting elements of densification and the urban landscape, it is 

considered as a complex system. Meadows (2008, p.11) describes a system as "an interconnected set 

of elements that is coherently organised (to) achieve something". A system is described as being 

larger than the sum of its parts and mainly consists of elements, interconnections, and a function. A 

closed chain of causal connections between elements is a feedback loop, which has the ability to 

exacerbate or self-correct itself based on interconnected relations (Arnold and Wade, 2015). A system 

is set to be within certain boundaries, through which it can be distinguished from other environmental 

systems. Furthermore, systems can be open or closed from the external environment, determining 

their interaction with externalities further from a certain system (von Bertalanffy, 1950). Though the 

field of science that concerns understanding of complex systems is equally vast and complex as the 

systems it problematises, this main framework helps in explaining the urban system concerning 

densification, accessibility, and sustainability. 

The urban landscape quite directly contrives a socio-ecosystem. Alberti et al. (2003) poses cities as 

complex ecological entities that are driven by human interaction, illustrating the main elements of 

urban systems and the relation between them forming interconnections. The function of this system 

would be for both entities to viably coexist, possibly even thriving on each co-dependence (Angheloiu 

and Tennant, 2020). Depending on altering the scale, these entities can be further complexified to 

include interrelations of a multitude of urban functions. This theory can be applied to the 

interconnections of densification effects on accessibility and sustainability, as described in sections 

2.1 and 2.2. A broad overview of all connections is visualised in figure 1. 
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 Density  Transport Modality  Health & Wellbeing 

 Accessibility to Services  Economic  Pollution 

 Built Environment  Social Equity  Urban Green 

Figure 1. Visualised system of interconnected elements of densification to accessibility and sustainability  

Though highly complex in its design, this system of interrelated elements of densification, 

accessibility, and sustainability has a lot of implications on urban planning. Each topic represented 

is an element in this system and each effect is the interconnected arrows between elements. The 

function of the system is for flows of effect to not results in vastly negative impacts to accessibility 

and sustainability. The boundaries of the system are defined by topics mentioned in section 2.1 and 

2.2, though it is rough to determine the exact extent of externalities influencing the system. Some 

main feedback loops that can be identified are modalities, infrastructure and accessibility, and social 

equity. Opting each mode of transport has a deterring effect on another modality (see section 2.1.1). 

Provision of any type of infrastructure fosters accessibility and connectivity (see section 2.1.2). Each 

type of social equity, implying economic, spatial, and social inclusion, has a positive effect on each 

other and poses a reinforcing feedback loop (see section 2.2.2). Other feedback loops, e.g., the link 

between urban green to housing affordability and psychological health, are important to visualise and 

to consider in planning, though are less defining and too vast to discuss in detail for their use in 

evaluating scenarios. 
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Table 3. Categorisation of topics according to influence 

Determinants Hybrid Outputs 
Density Modalities Economics 

Urban green Proximity & connectivity Health 

Infrastructure Job opportunity Biodiversity 

Mixed land use Housing affordability Micro/macroclimate 

 Social equality  

 Pollution  

 Safety  

 
Efficiency / energy 

consumption 
 

 Urban heat island effect  

In its simplest terms, Meadows (2008) describes effects to consist of inflows, stocks, and outflows, 

implying determining inputs, an element, and an output. Table 3 shows an overview of elements 

mainly have determining effect as outflows, elements that are mainly receiving inflows as outputs, 

and elements that have both and are presented as hybrids. Density, urban green, infrastructure, and 

mixed land use are main drivers of change. Most elements are both determining and determinant on 

other aspects, causing them to be "hybrid" in table 3. Economic elements, such as public finance, 

productivity, property values, are mainly determined by changes in other elements. Similar cases 

where change is imposed is on elements related to health, which is determined by, among others, 

density, housing affordability, urban green, and walkability (see section 2.1.5). Similarly, 

biodiversity, and micro- and macroclimate are dominantly the output of effects from other elements 

in this system, including modalities, urban green, built density, pollution. The main categories 

represented in the system correspond somewhat with Bibi et al.’s (2020) Compact Cities framework, 

which includes dense and mixed settlements, effective public transport systems, non -reliance on 

automobiles, accessibility to urban services, open meeting spaces, social inclusivity, and green 

structure. This includes the main determinants and hybrid elements, implying that this could be a 

base to evaluating scenarios involving densification. 

2.4. Measuring Sustainability, Densification & Accessibility 

2.4.1. Urban sustainable development appraisal methods 

As densification projects have a complex set of effects to an urban landscape, decision-making should 

be based on an integrated set of metrics that define desirability of scenarios. Though a multitude of 

appraisal methods exist, Ness et al. (2007) mentions that a prospective focus and integrated numeric 

analysis allows for monetary, multi-criteria, or environmental impact assessments to be viable. 

Monetary analyses, including cost-benefit and risk analysis, focus on potential monetary losses of a 

project and how they relate to monetary gains (Mouter, 2021). Monetary values can be applied to 

non-financial uses, though require quantifying the opportunity costs or benefits for precise appraisal. 

Though metrics are standardised among groups, which allows for ease of analysis, monetising 

qualitative dimensions can be complex. Multi-criteria analysis methods also appraise projects based 

on performance on several criteria, though the units used for measurement can be less standardised 

(Ibid.). Though this allows for more variety and for more possibilities to quantify complex systems, 

standardising the meaning of measurements becomes difficult, which makes comparing composite 

indicators of each assessed alternative less straight-forward (Singh et al., 2012). Environmental 

impact assessments, including life-cycle assessments, of projects are more standardised as well, 

though have a narrower focus on environmental impacts, leaving out socio-economic effects. Though 

recommendations can be given precise, the limiting focus makes environmental impact assessments 

less optimal for representing complex systems. 

Due to its flexible and comprehensive character, a multi -criteria assessment method should be opted 

for to appraise densification projects. This flexibility, however, al lows more specific methods to be 

varied and far-reaching, though all variation seems to opt for a permutation based on the analytical 

hierarchy process (AHP) (Sierra et al., 2018). The AHP was established by Saaty (2008) to provide 
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a structured way to analyse and establish multi-criteria decision-making. It involves a process of 

establishing indicators to assess scenarios, which Saaty (Ibid.) recommends should be established by 

decision-makers. Subsequently, each scenario is ranked in importance according to decision-makers’ 

and expert option, which is based on how well they perceive a scenario to perform according to the 

indicators. This basic process allows for alteration to either simplify or complexify decision-making. 

Relevant for this research is the proposed Multi-Actor-Multi-Criteria analysis (MAMCA) method, 

which allows for specified actor groups to be distinguished in quantifying performance of each 

scenario to identify compromise or disagreements between actors (Macharis et al., 2012). Similarly, 

the Participatory Multi-Criteria Approach (PMCA) allows stakeholders, experts, and randomly 

selected citizens to identify indicators and to evaluate scenarios based on their perceived performance 

on indicators (Merino-Saum, 2020). Though these alternative approaches merely scratch the surface 

of possible permutations on the AHP, they illustrate how this basic framework can be altered to 

include or exclude complexities to guide the decision-making process. 

Though the specifics of an opted method might change, all variants are dependent on scenario 

evaluation based on indicators. Indicators are "an entity that can be used as an argument of a function 

used to take a decision" (Heink and Kowarik, 2010). It represents statistical data for a specified time, 

place that represents the state of a system. In its ability to represent, it can also add to another 

intermediate measure that contributes to this system (Ibid.). Sustainable Development Goal 11 

‘Inclusive, safe, resilient, and sustainable cities and human settlements’ provides a framework of 

indicators to establish the state of the global urban ecosystem, though is also in itself an indicator to 

representing global sustainable development (UN, 2018).  

Sub-goals of SDG 11 are mostly globally oriented, making them less suitable to appraise city -specific 

densification projects (Klopp and Petretta, 2017). Nevertheless, as mentioned in the overview of 

densification effects, they contribute to their state indirectly. The urban sustainability goal therefore 

provides opportunity for spatially specific indicator frameworks. Verma and Raghubanshi (2018) 

echoes this sentiment by establishing that indicator frameworks should be integrated while also 

transcending the boundaries of traditional sustainable development criteria: social, economic, and 

ecologic. A holistic overview of an urban space, applied to spatial and applicable context, allows for 

an indicator framework that inherently applies to SDG 11, though can also be applied to, e.g., 

densification projects and accessibility. 

2.4.2. Indicator Selection 

2.4.2.1. Built form (densification & mixed land use) 

To appraise scenarios based on densification, accessibility, and sustainability, the aspects mentioned 

in the previous sections are to be evaluated in indicators to determine the success of a densification 

project. Though some aspects provide relatively straight-forward metrics, others are more complex 

to quantify. Density, which is central to a myriad of effects, is a complex, non-linear unit that varies 

on spatial and circumstantial scale to be functional in planning processes (Teller, 2021). In simplest 

terms, it is the number of units in an area, though the units and area can change wildly. Boyko and 

Cooper (2011) provide an overview of 23 urban density metrics, though categorises them in two main 

groups: population and built form. Though population can range from speculative to precise, and 

from dwelling-specific to neighbourhood-oriented, using residential units is most straight-forward in 

measuring residential density in scenario evaluation (Angel et al., 2021). Likewise, measures of 

building intensity range from surface coverage and parcel height to built area coverage related to 

total urban area, which can be most directly observed in GIS analysis. Though these metrics set a lot 

of effects in motion, the subtleties of aforementioned densification effects are to be evaluated to 

provide contextual overview of a specific region, as a higher density alone is not enough to justi fy 

urban sustainable development. 

Another factor that is central to determining accessibility by built form is mixed land use. Though it 

might not change the rate of services or infrastructure in various locations, it can highly alter distance 

to amenities by diversifying access points (Ewing and Cervero, 2010). Including this aspect as a 

determinant for beneficial built form is therefore essential for a comprehensive overview of urban 
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systems. Like density, however, mixed land use is a similarly non-linear metric that can be interpreted 

differently. Song et al. (2013) present eight variations of measuring this aspect in terms of urban 

design that can be used on sub-regional scale. Though ranging in specificity and spatial focus, the 

entropy index provides a holistic overview of land uses in an area while also accounting for 

dominance of one use over another (Ibid.). This metric has shortcomings of not identifying which 

land use type dominates others, but it is highly suitable as an indicator to illustrate imbalances that 

can be used as a reference point for further scrutiny. Both density and land use mix illustrate enabling 

indicators that facilitate effects related to beneficial compactness (Bibri et al., 2020). To illustrate 

the system’s performance, the effects and nuances of transport systems, access to urban services, 

urban green, and medico-social elements need to be indicated as well. 

2.4.2.2. Sustainable Transportation 

Bibri et al. (2020) mentions that positive densification should aim to reduce car usage. Though car 

usage, e.g., by measuring ownership or vehicle miles travelled, would be the most direct connection 

to indicate this effect, scenario planning is incompatible with this highly circumstantial metric 

(Ewing and Cervero, 2010). Likewise, these metrics seem to be relatively inelastic to built- or 

residential density. More coherent metrics that comply with scenario planning are walkability, access 

to public transport modes, and connectivity of networks. Though proximity to bus stops is mentioned 

excessively in literature, Shen et al. (2021) add the additional metric of proximity of train stations to 

measure access to public transport, which provides a more regional aspect to transportation. The 

effects of proximity can be intensified by both the service frequency and reach of the network that a 

station leads to. STAR Communities (2016) specifically mentions the threshold of 60 weekday and 

40 weekend trips for a bus stop to be functional. The reach of a public transport system would require 

knowing the boundaries of transit service related to a city, as well as the coverage of stops within 

these boundaries (Wang et al., 2021). Though indicative, Saghapour et al. (2016) found a clear link 

between public transport accessibility, connectivity, and ridership, resulting in these metrics to be 

suitable for evaluating the optimality of a public transport system in scenario planning.  

Indicators that evaluate the centrality of a transport network are also far -reaching and varyingly 

interpretive. Though precise metrics include specific and hard-to-measure waiting times, movement 

speed, etc., metrics that allow for scenario planning are degree, closeness, and betweenness centrality 

(Scheurer and Porta, 2006). Degree centrality is the proportion of nodes (in this case a st reet) 

connected to other nodes related to the totality of nodes in a network. Closeness centrality is the 

inverse average network distance between streets. Betweenness centrality defines the average 

proportion of paths between any two nodes within a network. Combined, these metrics indicate how 

people navigate urban grids, which is essential for sustainable transport. Hillier and Iida (2005) found 

that movement is shaped excessively by the topological and geometrical properties of a street 

network’s layout. These indicators have an innate ability to predict the distribution of expected 

pedestrian flows in the street network of an area (Berghauser Pont et al., 2019; Stavroulaki et al., 

2019). Route directness can also be calculated for walking and cycling, which quantifies how a 

walking and cycling distance of various routes within a district relate to Euclidian distance (Hartanto, 

2017; Scoppa and Anabtawi, 2021). Similar to other metrics, the walkability and cyclability of an 

area can be complexified further by highly qualitative metrics such as street design and attractiveness 

(Koohsari et al., 2019). Finally, built density, residential density, land use mix, street connectivity, 

and access to services can adequately indicate expected active transport, i.e., walkability and 

cyclability, for scenario planning. 

2.4.2.3. Access to Services 

To determine access to services, it is important to indicate how access can be measured and which 

services should be included in evaluation. Apparicio et al. (2017) defines a clear distinction between 

immediate proximity to services —travel time or distance—, cumulative opportunity —the number 

of services within a given distance—, and diversity of services available. Though the latter is more 

applicable to certain urban services, proximity and provision are generally applicable to determine 

accessibility to a service. ITF (2019) mentions that proximity should be measured on basis of 15 -

minute intervals, meaning that for walking, a dwelling should be 1 km, 2 km, or 3km proximate to a 
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service —distance depends on importance of a service— for it to be proximate. These distances are 

to be calculated based on network distance, which quantifies movement through spatial networks, 

i.e., streets (Ståhle et al., 2005). Measuring distance this way allows for more accurate depiction of 

proximity than Euclidean distance. Though more complex to quantify, GIS allows for accurate 

depiction of network-based distance. 

As for determining what services should be included, there is no one definite collection standard for 

scenario planning. Table 4 shows an overview of examples of urban services. This is by no means a 

comprehensive overview, though it provides suggested categories based on a variety of sources , 

including a governmental report, a non-governmental report, and three scientific articles. As is 

visualised, there are some main factors represented in every or nearly every source. For example, 

education and health seem to dominate the mentions. Notable outliers are access to other people, 

financial services, community centres, and restaurants. The access to "other people" relates to the 

aforementioned densification effect of social interaction and inclusion, though it fits better in its 

according category in a developed appraisal method. The other factors can be combined with broader 

categories in appraisal frameworks, i.e., employment and food retail services respectively, as is done 

by Lefebvre-Ropars and Morency (2018). Also, public transport, though mentioned often, is included 

in sustainable transport. 

Table 4. Urban service types included in various sources 

 

ITF, 2019 

Witten et al., 

2011 

Thériault et 

al., 2005 Lynch, 2011 

Ogrodnik, 

2020 

Lefebvre-

Ropars and 

Morency, 

2018 

Education x x x  x x 

Health facilities x x x x x x 

Urban green space x   x x  

Public transport  x   x x 

Employment   x x   

Cultural services  x  x  x 

Community centres    x   

Recreation x x  x  x 

Restaurants x  x   x 

Retail  x x    

Financial  x    x 

Groceries x x x   x 

Other people x      

2.4.2.4. Urban Green 

Urban green space transcends its utility as urban service, as access to it has distinct effects on health, 

social inclusiveness, the climate, and density. Other metrics that describe urban green should concern 

the functioning of ecosystems to be representative of a complex urban system. Related to the 

aforementioned densification-accessibility system, this includes biodiversity, permeability, micro- 

and macro-climactic impacts, air pollution, and the urban heat island effect. Though most of these 

aspects are incompatible with accurate scenario planning, spatially oriented indicato rs can hint at 

their functionality. Ng et al. (2012) mentioned the multi-faceted effects of greenery, covering all 

aforementioned aspects. Having vegetation coverage as an indicator, therefore, is essential for a 

comprehensive appraisal framework. Similarly, permeability can be evaluated according to 

proportion of permeable land cover, which is compatible with scenario planning (Cabrera -Jara et al., 

2017). Alongside known metrics of built land cover and population density, this gives a good 

overview of ecological factors, shy from biodiversity. 

To grasp the complexity of measuring biodiversity on a scenario basis, spatially adjusted indicators 

need to be prioritised. Wang et al. (2021) describe various interconnected landscape metrics that 

indicate the quality of habitats in an urban environment. Most applicable to scenario planning is the 

so-called patch cohesion index, which is dependent on the aggregation of landscape types by patches 

covering an urban space. Furthermore, the connectivity of habitats defines its viability in urban 

landscapes. Rudd et al. (2002) propose the gravity model to indicate the interaction between habitable 

patches, which is dependent on patch size, the distance between nodes, and habitat size required for 
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certain species. Though a myriad of indicators can be opted for to accurately specify biodiversity, 

these two metrics are complimentary in defining biodiversity in urban landscapes for scenario 

planning. 

2.4.2.5. Social Inclusion 

As Waters (2016) mentioned, inclusion can be assessed on spatial, economic, and social scales. 

Spatial inclusion can be indicated by both the equity of access to urban services as well as spatial 

segregation. Though measures of inequity vary excessively, using the Gini coefficient to quantify the 

distribution of access among residential units can indicate the spatial equity of accessibility (van Wee 

and Mouter, 2021). Though this metric does not indicate in what population quintile inequality issues 

are most prevalent, it can be indicative for further investigation by, e.g., looking at the Lorenz curve 

or distribution of access visualised on a map. Legeby (2013) notes that limited connectivity o n a 

more global scale, measured by closeness and betweenness centrality of the street network,  can 

illustrate spatial segregation of neighbourhoods. Hillier (2012) echoes this sentiment by mentioning 

how the layout of a block and a street network can show how spatially integrated a city is  in all its 

parts. 

Whereas the aforementioned metrics quantify horizontal inequality —equality among similar socio-

demographic conditions—, vertical inequality can be indicated by comparing access among socio-

demographic groups (van Wee and Mouter, 2021). Ulbrich et al. (2019) call for a similar 

disaggregation of data to identify differences between socio-demographic groups. Similarly, as 

previously described, housing affordability can be telling for economic integration of residents, 

transcending to accessibility opportunities. Though knowing housing prices or land value would be 

most accurate to indicate economic inclusivity, it would be incompatible with scenario planning. 

Quantifying the tenure mix, however, would be possible and indicative to housing affordability 

(Bergsten and Holmqvist, 2013). It is even indicative to understanding a city’s  population mix, which 

would indirectly imply social segregation. Mentioned by ITF (2019) as an urban service, the distance 

of dwellings to other dwellings would indicate the potentiality of interaction between residents. 

Combined, these metrics would provide an overview of a city’s spatial, social, and economic 

inclusivity. Though the compiled indicators leave out effects on physical and psychological health, 

the system mentioned in section 2.3 illustrates that their performance is defined by transport 

modality, urban green, and social equity. This implies that they are indicated by external factors 

while themselves being complicated to quantify for scenario planning.  

2.5. Disparities Between Disciplines and Spatial Scales 

Though excessive academic attention has been dedicated to understanding the effects of densification 

and how to measure these effects, there is seemingly a disconnect between the academic and urban 

planning discipline. Lélé and Norgaard (2005) mentioned general concerns of interdisciplinary 

practice, where the established knowledge barriers between disciplines can halter fully informed 

decision-making. A diffusion of knowledge could lead to better cooperation between fields, eliminate 

disciplinary biases, and allow for an overall more informed decision-making process. Diffusing 

expertise would require co-creation of knowledge, which would ensure adoption of knowledge in 

decision-making, allow for contextualised information, and bridge academic and practical gaps 

(Hegger et al., 2012). However, co-creation of knowledge among actors includes its own challenges, 

like contextualising knowledge being increasingly complex and legitimacy possibly being harmed 

due to potential reconciliation between actors. Hegger et al (Ibid.) therefore demonstrated preference 

for co-production of knowledge through established frameworks rather than opting for detailed 

information guided by multiple sources. 

Van Stigt et al. (2015) specifically found a gap between expert opinion and decision-making by 

analysing how scientific data is used in urban planning. They found that local administrators utilise 

expert knowledge as means to achieving goals to make informed decisions, though with political and 

public support in mind. Though not perceived as problematic, the pragmatism of decision -making 

can result in a gap in adopted knowledge, rather than a gap in expertise (Ibid.). This denial of 

acknowledging a gap, however, can further problematise discrepancies between academics and urban 
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planners. Specific for densification effects, Berghauser Pont et al. (2021) found that negative effects 

related to densification —i.e., effects on social, environmental, and health aspects— are 

underrepresented in urban planning motivations, whereas transport tends to be overrepresented in 

practice. Both cases show that political influence majorly affect decision-making. This prioritisation 

of political goals is linked with the tendency of scientific rigour to seemingly favour detailed claims 

on economic and environmental aspects, leaving social effects of decisions to be more open to 

interpretation for urban planners (Boström, 2012). This paradigm is further complexified by external 

interests influencing decision-making, such as actors in civil society or the private or macro-political 

sphere. 

Besides disciplinary scales, spatial differentiation of actors and, therefore, goals further provide the 

opportunity for disparities to counter integrated urban planning. Lélé and Norgaard (2005) make a 

distinct separation between horizontal (within disciplines) and vertical (across disciplines) 

boundaries that affect interdisciplinarity. Though this focus is on the scientific community, in 

planning horizontal boundaries also appear in terms of spatial scales: i.e., local, regional, and national 

planning. Transport especially is flexible dependent on spatial focus. In terms of densification, 

private motorised vehicular transport provides different challenges based on urban, municipal, and 

regional scale (Rodrigue, 2020). Metrics that define transport networks, like nodes, links, and 

relations, can alter depending on scale. For instance, links can change from roads and transit systems 

to corridors, such as rail lines, highways, and canals. In terms of spatial planning, density allows for 

these boundaries to become blurred as cities can agglomerate and encompass multiple scales (Ziegler, 

2009). The complexities and multi-faceted character of spatial planning allows for spatially 

differentiated actor groups to value topics differently. 

Empirical evidence of such discrepancies is identified by Antonson et al. (2016), who mention that 

the accumulation of local focus does not automatically lead to regional planning goals. They go into 

further detail about lacking vertical institutional integration in environmental planning. A similar 

misconnection between local and regional can also be observed in the phrasing and operationalisation 

of SDG 11. Though the sub-goals of every sustainable development goal were developed through the 

lens of global sustainable development, the local focus of urban goal 11 challenges inter -spatial 

collaboration (UCLG, 2019). To address for these global goals, local actors, such as governments 

and municipalities, are expected to localise goals and priorities to operationalise the global 

framework (Valencia et al., 2019). Though the global nature of SDG 11 allows specific relation of 

topics to be done with relative ease, as seen for the densification effects in the background section, 

the agglomeration of effects across spatial scales is considerably more complex. As specific metrics 

are interpreted on local scale, global integration and standardisation of indicators  can undermine 

contextualised knowledge (Croese et al., 2020). Though the integration across spatial scales enables 

opportunities for SDG assessment, the aforementioned barriers between scales hinders effective 

cooperation. 

3. Methods 

3.1. Research Design 

The overall research design followed the main steps of the analytic hierarchy process (AHP), as 

described in section 2.5.1. The AHP is a structured technique to conduct multi -criteria analysis, which 

allows for appraising projects or scenarios in complex systems (Saaty and Vargas, 2012). As 

described by the interrelated factors in section 2.3, urban planning related to densification, 

accessibility, and sustainability is a complex system. Decision criteria stem from a goal which defines 

indicators used for appraisal. These criteria have relative magnitudes applied to them by computing 

the vector priorities through pair-wise comparison of indicators by expert response, which allow 

indicators to be valued differently in measuring preference of a project. A typical AHP looks as 

follows:  
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Figure 2. Suggested steps to establish a Hierarchy Analysis Process (Saaty and Vargas, 2012) 

This main structure was used to accommodate the research objectives by slightly altering certain 

steps. The aim of adopting this method is to provide an operationalised indicator framework on which 

comparative analysis could be based. Completing this framework would also allow densificat ion 

projects to be appraised in terms of accessibility and sustainability by urban planners. Based on this 

objective, indicators were selected, which comprise the criteria used for a hierarchical decision -

making process. The following steps remained largely the same, as the priority value of each criterion 

was calculated based on pairwise comparison matrices. What follows in a typical AHP was altered 

considerably to accommodate the research objective, however, as no decision was made between 

various particular scenarios. Instead, priority values of indicators based on responses from varied 

actor groups were compared and analysis was based on identifying differences in prioritisation 

between respondents. The process of disaggregating responses by actor groups is similar to the multi-

actor-multi-criteria analysis (MAMCA) method, which focuses on the differentiating perspectives on 

scenarios (Macharis et al., 2012). This method is therefore adjusted to focus on comparing actors’ 

responses to their perceived importance of indicators. This resulted in the study to be comprised of 

three main phases: identifying indicators, calculating the priority vector of each indicator among 

respondents, and analysing disparities between responses. This multi -step approach, requiring both 

quantitative input in indicator selection and quantitative comparison allows the research to be mixed 

in its design. As each of these steps required considerable attention, each phase will be elaborated on 

in further detail. 

3.2. Indicator Identification 

Composing an indicator list formed a foundation to analyse varying actors’ biases and positionality. 

This was based on a sequential process of compiling indicators, eliminating duplicates and irrelevant 

ones, confirming relevance to sustainable development goal 11, and validating their relevance to 

urban planning by expert opinion. Compiling indicators was done through an extensive review of 

numerous secondary sources. These sources included reports —both governmental and non-

governmental—, scientific articles, dissertations, and intermittent results from a parallel research 

process by the Urban Future research group. A complete list of all sources used is presented in 

appendix A. Initially, mainly data was gathered from reports, which provide a more global overview 

of the topic. These reports were identified by keywords ‘indicators’, ‘accessibility’, ‘urban’, and/or 

‘density’, and/or ‘sustainability’. As governmental, intergovernmental, and non-governmental 

reports mainly focused on more global impacts and municipal reports were included as a main source 

for locally focused phrasing of indicators. Furthermore, the working documents of Urban Futures’ 

(2020) ongoing project "Urbana stationssamhällen - förtätning av stationsnära områden för god 

tillgänglighet" were used as inspiration for topics and indicators. This project focused on 

densification and accessibility of station communities, which meant is complemented this study 

considerably.  Also, topics that were discussed in the literature review, though not yet represented in 

the indicator list, were searched for in case-specific scientific articles and dissertations. These sources 
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varied from including comprehensive indicator frameworks to single index topics. A total of 1,355 

indicators stemming from 51 sources was assessed and adopted in the ultimate indicator list. The 

distribution of sources is visualised in table 5. 

Table 5. Count of sources used in indicator identification 

 No. Sources used No. indicators used in raw data 

Scientific articles 36 610 

Book chapter 2 54 

Dissertation 2 18 

Governmental & 

intergovernmental reports 
7 377 

Non-governmental reports 3 272 

Urban Futures 1 24 

Total: 51 1,355 

A composite list of all gathered indicators was evaluated according to Bhada and Hoornweg’s (2009) 

characteristics of good indicators, which ensured topics to be objective, relevant, measurable 

replicable, flexible, effective, and interrelated. Objectivity implies that indicators should be well-

defined, precise, unambiguous, and clear to understand. Relevance of indicators applies to 

establishing a clear link to goals. In this case, it would mean that they apply to densification projects 

and involve spatial urban planning, sustainable development, and accessibility. Relevance, therefore, 

is established by linking indicators to information presented in section 2.1 and 2.2.  Similar to 

objective, measurable and replicable indicators must be easily quantifiable  and systemically 

observable if they are to be fit for scenario appraisal. This means that indicators are only selected if 

they can be measured or simulated precisely in a before-and-after basis. Temporal application ensures 

indicators will be flexible to circumstance. The effectivity of indicators is assessed based on how 

well they can contribute to meaningful urban planning and how adoptable they are on various spatial 

scales. Indicators should also be interrelated, meaning that they should be systemically 

interconnected. Likewise, this relates back to the system presented in section 2.3.  

In comprising the indicator list from its composite form to a workable shape, indicators were 

eliminated based on the aforementioned criteria. Furthermore, indicators that had similar or the exact 

same topic were modified to accommodate for a single metric. Likewise, phrasing and measurable 

units of all criteria were standardised to accommodate for continuity. Indicators were subsequently 

grouped according to similarity and overall purpose. Grouping was largely based on Bibri et al.’s 

(2020) criteria of compact city strategies to achieving sustainable goals: compactness, density, mixed 

land use, sustainable transportation, green structure, and intensification. As described in section 2.3, 

to accommodate for the central focus of density and mixed land use, indicators were compound 

according to a composite grouping. Furthermore, the special attention of this study on accessibility 

ensured access to services become its own category rather than a metric that enhances sustainable 

transportation, though they are still highly interconnected. Likewise, social cohesion —called social 

fairness by Bibri et al. (ibid.) as a sub-category of densification— was added as a separate category, 

due to its perceived importance by background research. A clear decision was made not to group 

indicators according to the traditional triple bottom line of sustainability, i.e., economic, social, and 

ecologic, as indicators would preferably encompass two or more of these aspects. Ultimately, 

indicators in the concluding list were linked to subgoals of Sustainable Development Goal 11: 

Inclusive, safe, resilient, and sustainable cities and human settlements  (UN, 2018). Some indicators 

could directly be linked to a subgoal, though others indirectly affected by other S DGs, which affect 

SDG 11’s subgoals. The conclusive list of indicators with groupings and related SDG 11 links was 

the basis for subsequent analysis. 

3.2.1. Validation of indicators in a focus group of experts 

For this list to be used in comparative analysis, the indicators were validated by actors who are 

experienced in urban planning. Acquiring qualitative input from these actors was done through a 

focus group, in which reaching consensus on the established indicator list was central. This method 

was opted as it allows for interaction between participants, which was pivotal for establishing a 
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collective decision that depicted expert opinion (Bryman, 2016). Though group think and complex 

communication can risk effectiveness of this method, a focus group was still deemed as most 

appropriate to realise the co-creation of meaning to indicators (Morgan, 2012). The respondents 

represented similar characteristics to those who were subject to the comparative analysis in the 

subsequent phases of the research. Though this will be explained further, it meant that people 

affiliated with academia and urban planning, including actors from various spatial scales, were able 

to contribute to the focus group. 

A total of 7 respondents attended the focus group, encompassing 2 academics, 2 municipal urban 

planners from Kungälv, 2 representatives of Göteborgsregionen, and 1 from Trafikverket. This 

number is deemed adequate by Bryman (2016), who advocates for a response group of 6-10 members, 

as it strikes the balance between representation and overcrowding. Furthermore, some individuals 

who were invited but could not join were willing to provide written comments on the relevance and 

validity of the indicators, including one academic and two urban planners from Mölndal municipality.  

To accommodate for respondents being optimally prepared for the focus group, they received a copy 

of the indicator list that was to be discussed a week prior. The focus group itself, which was held 

over videocall, also started by introducing the purpose of the study, the meaning of the indicator list, 

and what the information was to be used for. As the indicator list was used as a main foundation for 

the discussion, the layout of discussions in the focus group was considerably structured. As the 

discussion took place online, Mentimeter, a real-time graphic feedback tool, was used to increase 

participation, foster interaction, and prevent fatigue from lengthy talking.  

For each category, an overview of the included indicators was given, after which the participants 

were asked to state the indicators’ relevance to urban planning, sustainability and accessibility. Also, 

attention was placed to whether respondents understood the phrasing of the indicator. Finally, the 

respondents were asked if these indicators are already used in their practice, and to reflect on how 

easily measurable they are for scenario appraisal. This process was done using real-time polls, which 

illustrated potential shortcomings that were discussed in further detail. Subsequently, the relation of 

subgoals of SDG 11 were validated based on a simple yes-or-no statement as a basis for discussion. 

Links that were not assessed with a unanimous yes were given specific attention through discussion. 

Finally, respondents were given the opportunity to identify any topics that were absent in the 

indicator list, which involved real-time construction of a mind map. This process was repeated for 

every category grouping, as well as the main indicator groupings themselves.  

The graphics and data resulting from Mentimeter were used as a basis to analyse the indicator list, 

though notes from an external notetaker were also used to support decisions. Notes from this meeting 

were also used to analyse data in the final phase of the research process. Furthermore, responses from 

people who could not attend but were willing to provide written validation were used to triangulate 

consensus on indicators’ quality and to provide additional comments. Based on this input, indicators 

were altered, and the validated list was finalised to be used as a basis for quantitative data collection.  

3.3. Collection of relative importance values of indicators 
across various spatial scales and disciplines 

To gather quantitative data on which actors’ priorities could be assessed, surveys were conducted 

where respondents quantified preference of one indicator over another. Online questionnaire 

generally allows for greater response rates on which actors’ responses could be grouped (Bryman, 

2016). As the intention of the survey was to gather opinions from various actor groups, respondents 

were distinguished between various spatial and discipline groups. The main disciplines represented 

were urban planners and academics. Responses according to several spatial scales were separated, as 

smaller municipalities comprised the local scale, Göteborgs Stad the super-local scale, 

Göteborgsregionen the regional scale, and Trafikverket and Ramboll the national scale of urban 

planning practice. The spatial scale was less natural to define for academic groups, as they are all 

affiliated with city-specific universities, though conduct research on a more global scale. Therefore, 

academics were counted as one group, though respondents ranged from different universities: 

Göteborg-based Chalmers University and University of Gothenburg, Uppsala-based Uppsala 
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University and SLU, and Stockholm-based KTH. This composite of respondents allowed data to be 

gathered according to the disciplines of academia and urban planning, though spatial scale was 

applied to urban planning specifically. As the respondent groups were defined to be relatively narrow 

and contacts were individually specified and were approached individually, non-probability 

convenience sampling was utilised (Bryman, 2016). Though this sampling technique prominently 

delivers high response rates, the issue of generalisability was to be addressed to op timally carry out 

the survey while providing reliable results. A minimum of 10 responses was set to deem responses 

adequate and representable for their actor group. This amount was reached for every actor group, 

though not all respondents fully filled in the whole survey. Responses included, even if partially 

filled, were validated according to the consistency ratio and some other additional criteria, which 

will be explain in further detail later (see equation 2). The actual respondents and response rates a re 

represented in table 6. 

Table 6. Count of respondents of pairwise comparison survey per actor group  

Group Total valid answers Complete 

Municipalities 14 11 

Göteborg 12 9 

GR 11 9 

National 10 9 

Academic 13 10 

Total: 60 48 

To quantify respondents’ related importance of indicators, the survey presented pair -wise 

comparisons of all indicators for each grouping, as well as the groupings themselves. Though a 

traditional matrix would also result in viable response, a bipolar matr ix was opted for to ensure 

comprehension and to prevent categories that contained a lot of indicators from becoming too 

cluttered, which prevents respondent fatigue (Bryman, 2016). An example of the grouping with the 

least number of indicators of this pairwise comparison is visualised in figure 3. Each indicator was 

plotted against each other, by which respondents would indicate which topic they found more 

important in realising a sustainable and accessible urban environment. Similar bipolar matrixes were 

presented for each major grouping. As the larger categories implied a considerably longer comparison 

matrix, some were halved in pages to prevent information overload. Furthermore, brief information 

was given that elaborated the meaning of each indicator in  pop-up boxes. Similarly, the meaning of 

numerical ratings was explained at the start of each section. 

Indicator 1 4 3 2 1 2 3 4 Indicator 2 

Building density        Residential density 

Building density        Land use mix 

Residential density        Land use mix 

Figure 3. Outline of questions in pairwise comparison survey 

Respondents indicated relative priority based on a 1-4 scale that skews both ways, implying the 

degree of preference of one indicator over the over. The definitions of these numbers, as they were 

presented in the questionnaire is presented in table 7. Though Saaty (2008) mentions a 1-9 scale to 

be used for pairwise comparison, a 1-4 was opted for in the questionnaire to prevent overwhelming 

respondents with options. These values were also adhered for analysing data. 

Table 7. Definitions of scales presented in pairwise comparison survey 

Importance scale Definition of Importance scale 

1 Equally important to other indicator 

2 Moderately more important over other indicator 

3 Strongly more important over other indicator 

4 Extremely more important over other indicator 

Values from this pair-wise comparison were to be converted into matrix ‘A’, where in relates to each 

indicator’s valued. In the matrix, the value of one set of compared indicators will therefore be a 
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fraction of the other. 

𝐴 = [

𝑖1/𝑖1 𝑖1/𝑖2 ⋯ 𝑖1/𝑖𝑛

𝑖2/𝑖1 𝑖2/𝑖2 ⋯ 𝑖2/𝑖𝑛

⋮ ⋮ ⋱ ⋮
𝑖𝑛/𝑖1 𝑖𝑛/𝑖2 ⋯ 𝑖𝑛/𝑖𝑛

]     (1) 

More functionally, it will look like the example in table 8, which contains the same indicators as the 

example of the pairwise comparison. To calculate the priority vector of each indicator, the values of 

each column were first to be summed up. Subsequently, the relative values of each indicator were 

divided by the total column score, whose averages were calculated to reveal each respective priority 

vector (Saaty, 2008). This was done for each actor group as a foundation to enable comparative 

analysis. An overview of responses of each actor group, including calculated priority vectors, are 

presented in appendix B. 

Table 8. Example of composite response matrix to calculate priority vectors  

 Building 

density 

Residential 

density Land use mix 

Priority 

Vector 

Building density 1 x x x 

Residential 

density 
x 1 x 

x 

Land use mix x x 1 x 

Finally, to decide whether the collected data was valid, the consistency index (CI) was calculated. 

This index describes the consistency of priorities dictator to one indicator, meaning that answers are 

not valid if chosen at random and without coherent thought put into opting an answer. Furthermore, 

when compared to various responses, calculating the CI makes sure actor groups responded similarly 

and no personal bias dominated the responses, i.e. implying that answers did not vary too extremely 

from each other. To check consistency in responses, Saaty and Vargas (2012) proposed the following 

function. 

𝐶𝐼 =  
λ𝑚𝑎𝑥−𝑛

n−1
      (2) 

Where CI represents the consistency index, λmax is the maximum priority vector included in matrix 

A, and n represents the number of respondents included in the group. If CI ≤ 0.1, the response for a 

group can be considered valid, as well as collective responses to be considered consistent enough to 

represent argumentation of a respondent group. A full overview of consistency indexes is presented 

in appendix B. Some answers for a group that exceeded CI ≤ 0.1 were still allowed as valid, as 

responses were otherwise fully valid and because the index is more sensitive to changes in smaller 

categories, like group 1, which only has three indicators.  All other responses are below this threshold, 

however, which holds true to main actor groups as well. Out of all groups, national actors have the 

highest consistency ratio (see appendix B.D), which could hint that responses are slightly less 

relevant due to competing interests, though the consistency ratio for this group is still well within 

reasonable limits. Though the CI provided a base for validity, it does not describe the full picture of 

the realness of a response, e.g., it would accept responses that stated each topic is equal to each other, 

which is not a valid response but could indicate to someone only wanting to check out the layout of 

the survey. Responses were validated per answer in each group if they followed the following criteria: 

pair-wise comparisons for an entire group were given instead of partially answering, a minimum of 

5 minutes was spent on responding, and not all answers were 1. The partially included answers meant 

that group 1 and 2 had the highest rate of responses. A full count of responses per indicator group is 

given in section 4.2. 

3.4. Analysing Positionality and Setting up Framework 

The priority values were the main point of analysis. These values were considered as ordinal 

variables, the discipline-spatial segregation was considered dichotomous, whereas the spatial scale 

between these dichotomous variables were considered nominal (Bryman, 2016). The disaggregated 
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answers of each actor group were visualised in line charts containing priority values of all indicators 

within a group plus the main groups, resulting in 6 charts overall. Based on notable visual differences, 

comparative analysis was used to identify discrepancies between actor groups. These differences 

showed where misalignments are between spatial or discipline scale, therefore obstructing effe ctive 

interdisciplinary practice. Identified phenomena, based on visual differences or trends, were 

triangulated with information gathered from the focus group and secondary data to validly explain 

the occurrences of discrepancies. 

Furthermore, the composite priority values were compiled and are presented as an operationalised 

indicator framework. This framework, including main criteria, relevant indicators, ways to measure 

them, links to SDG 11, and priority values is the basis of scenario appraisal. Besides its functional 

use for assessing densification projects, these composite values were also basis for analysis, as they 

reveal relative perceived importance on topics related to accessibility and sustainable development. 

Furthermore, these values were the basis to analyse how actor groups’ values differed from the 

average. 

4. Results 

4.1. Identified Indicators for a Holistic Overview of Accessibility 
and Sustainability 

Indicators that resulted from the compilation, selection, and elimination process that were disc ussed 

in section 2.5.2 were used as a basis of validation from actors involved in urban planning. An 

overview of these indicators is given in table 9. Descriptions on how to measure these indicators and 

the sources from which they stem are given in table 11, which provides a further overview of 

indicators that resulted after the validation process. In total, 36 indicators were discussed by members 

from the focus group, spread over 5 different but interconnected groups. Themes discussed in the 

focus group and written input mainly follow these groups, though include some general topics as 

well. An overview of input from these two primary sources is visualised in table 10, though 

elaboration on these statements is presented below. 

Table 9. Overview of initially identified indicators. *'Equal access to urban services includes: education, 

healthcare, workplaces, commercial services, food retail, socio-cultural spaces, squares' 

1. Dense & mixed 

urban form 

2. Sustainable 

transport modes 

3. Access to 

urban services 4. Urban green 5. Social cohesion 

Built density 
Proximity to bus 

stops 

Access to 

education 
Exposure to green 

Equal access to 

public transport 

Residential density 
Proximity to train 

stations 

Access to 

healthcare 

Proximity to urban 

green areas 

Equal access to urban 

services* 

Land use mix 

Public transport 

network 

connectivity 

Access to 

workplaces 

Proximity to water 

fronts 

Equal access to urban 

green spaces 

 
Street network 

centrality 

Access to 

commercial 

services 

Habitat quality Inclusivity of access 

 
Pedestrian route 

directness 

Access to food 

retail 

Habitat 

connectivity 

Variety of 

accommodation 

 
Density of 

bicycle lanes 

Access to socio-

cultural spaces 

Permeability of 

urban space 
Spatial segregation 

 
Cycling route 

directness 
Access to squares  Interaction potential 

For group 1 ‘dense and mixed built form’, both the focus group and written comments mentioned 

relevance and measurability of the indicators, though comments differ on operationalisation of land 

use mix. Whereas one written response states that the complexity of the metric allows it no t to be 

used, a municipal actor mentioned they are currently used in scenario appraisals. All parties note the 

scalability and far-reaching effects of density metrics, though their impact on sustainable 
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development is not unilateral. Respondents noted that effects of built density are interpretable as both 

negative and positive. Though admittedly complex, respondents in the focus group stressed the 

central importance of these metrics, as they can have far-reaching impacts. 

Indicators in group 2 ‘sustainable transport modes’ were similarly noted to be relevant, 

understandable. All parties mentioned they were in-use in current planning evaluation. Though 

written responses furthered this by noting that different values, i.e., distance, were used in appraisal. 

They complemented this by stating that quantifying the number of barriers is often opted for instead 

of directly measuring distance. Furthermore, a need for distinction between modalities was stressed 

by attendees of the focus group. The prioritisation of active transport modes over private vehicular 

travel was noted to be especially important for urban planners. Respondents also noted that some 

streets networks do not always have a clear distinction between modality types, which is especially 

notable for bicycle paths often being integrated with other types of streets. This allows for 

considerable overlap in network boundaries, which was considered complex by respondents. They 

furthered this sentiment by noting that the integration of modalities on streets, i.e., shared space, 

creates a safety hazard for active transport modes, i.e., vulnerable street users. This focus on safety 

was linked to the importance of separating travel modes by speed rather than vehicle type. 

Respondents of the focus group further noted the attention of design and operation qualities to be 

included in project evaluation, such as the quality of infrastructure, the capacity of roads and public 

transport, the travel time. Furthermore, respondents mentioned topographical qualities, such as slopes 

and elevation, to be impactful for infrastructure and modalities opted for travel.  

Also stated to be relevant and measurable, group 3 ‘access to urban services’ showed a similar divide 

in statements between focus group attendees and written comments concerning prevalence of use. 

Written comments mentioned they are used a lot more than the focus group suggested. Additionally, 

comments varied from a desire of simplification of access to extending the list of services relevant 

for accessibility. Municipal respondents from the focus group mentioned the tendency to measure 

access to services as one metric, though more spatially global parties noted a distinction in 

importance of services: whereas education and healthcare are always used in appraisa l and have 

universal importance, commercial services, recreation, and squares can both be harder to define or 

distinguish and are stated as less important. Nevertheless, it was mentioned that these metrics allowed 

for ease of implementation in GIS analysis for daily practice. Notable contributions of services that 

were missing were childcare, noted for their ability to foster inclusive participation in employment, 

and waste management, noted for its essentiality. 

Both inputs, written and focus group responses, stressed the underrepresentation of ecological 

indicators covered in group 4 ‘urban green’ due to their complexity and a lack of knowledge on 

subtleties of environmental effects, though they were stated to be important to include in 

environmental planning. Particularly, both parties found biodiversity a complex issue and indicators 

were therefore deemed adequate, though this was not supported by empirical knowledge. Written 

comments specified urban biotopes to be considered more thoroughly in representa tion of indicators 

of habitat quality and connectivity. A main issue discussed in the focus group was the multi -lateral 

implications of access to waterfronts. Prevalence of water can result in people having access to water, 

though it can also create less resilience against flooding, hence access was not deemed to be an 

adequate indicator. Aspects other than resilience against natural hazards that were not covered but 

were noted to be important were quality and diversity of urban green spaces.  

The least used and graspable indicators were discussed in group 5 ‘social cohesion’. Though stated 

to be relevant for special by attendees of the focus group, written comments mentioned that social 

indicators are not often used in scenario analysis, though a municipal actor noted that they are 

currently testing the possibilities of incorporating the Gini -coefficient to quantity inequality. Social 

indicators were deemed too specific to be prevalently used in scenario planning, though their use for 

contextual cases was stated to be important. Respondents from the focus group reinstated that topics 

like equality and segregation are too complex to be measured precisely by a handful of indicators. 

For example, segregation was determined as either involuntary or voluntary, e.g., opting to live in 

quitter and less connected neighbourhoods, implying that it can have both positive and negative 

effects. Also, interaction potential was stated to be redundant, as attendees of the focus group 
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acknowledged that it is affected by other indicators, like access, transport, and density. A need for 

simpler indicators that hinted to the performance in these aspects dominated the discussion.  

More globally, respondents in the focus group noted that indicators have shortcomings of not 

including all spatial scales. The disapproval of universal metrics was mentioned specifically. Rather, 

the importance of indicators having the capability of being a foundation for contextualisation was 

prominently discussed. Contextualisation and global instruments were noted to have certain benefits 

and drawbacks, as the trade-off between completeness and simplicity was mentioned to be important 

for the effectivity of indicators. Furthermore, the issue of involvement of actor groups was discussed. 

Both the options of including the private sector and the public to identify criteria and to rate 

performance were noted. 

Table 10. Overview of topics discussed in indicator validation by the focus group and in written comments  

Indicator 

group Comments from focus group Written comments Missing topics 

1. Dense & 

mixed urban 

form 

Relevant and measurable, though 

not all in-use 

Highly relevant/measurable 

 

- 

Complete in its simplicity Particularly density in-use  

Scalable metrics   

Initial planning metric   

Complexity of densification 

effects 

  

2. Sustainable 

transport 

modes 

Relevant, understandable, and in-

use 

Bus stop and train station access 

used with various units 

Capacity for PT 

Cycling too niche to have its own 

category 

Focus on barriers instead of 

distance 

Slope (for cycling) 

Priority of pedestrians over cars Centrality hard to grasp Priority of modes 

No clear distinction between 

networks 

 Quality of 

infrastructure 

Safety issues of integrating modes  Quality of 

transport units 

Mix between modes   

Distinction between speeds rather 

than modes 

  

3. Access to 

urban services 

Relevant and measurable, 

partially in-use 

Relevant and widespread in-use Day-care 

Essential and secondary services Squares hard to define Waste & recycling 

Composite measures Complexity of 

commercial/recreational 

services 

Distance to station 

4. Urban green 

Relevant, questionably 

measurable, rarely in-use 

Interrelation of indicators Quality of UGS 

Ambiguity over access to water Complexity of biodiversity Diversity of UGS 

Little knowledge of biodiversity  Climate risks water 

  Resilience 

5. Social 

cohesion 

Relevant, barely in-use Not often used in scenario 

analysis 

- 

 Need for simpler indicators Indicators need to be tested  

 Complex equality and segregation   

General 

comments 

Scalability of indicators Scalability of indicators   

Lack of knowledge and awareness 

in using particular indicators 

  

SDGs are interpretive   

Deliberate indicator identification   

 
Trade-off between completeness 

and simplicity 

  

Based on validation from the focus group and written input, a conclusive indicator list was adjusted 

to relevantly and holistically represent how densification can contribute to accessibility and 
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sustainability. This list is visualised in table 11, including how each indicator is to be measured in 

scenario evaluation, each indicator’s relation to SDG 11 subgoals, and the main source(s) where the 

indicator originated from. Largely, this list still follows the same themes . However, based on the 

input, group 2 ‘sustainable transport modes’ more explicitly stated differences between public, 

pedestrian, and bicycle transport modes. Also, day-care and waste management were added as urban 

services because of their stated importance. Access to waterfronts was altered to cover of watershed 

to both capture accessibility and environmental impacts. Lastly, indicators of urban services in terms 

of equality of access were compiled into one indicator and interaction potential was eliminated as an 

indicator to adhere to simplicity of social aspects. The discussion also followed validation of links to 

sub-goals of SDG11, though notable contributions were too limited to mention for each group. 

Specifically, density indicators were concluded to attribute to the urban heat island  effect, hence their 

contribution to SDG 11.5 ‘natural disasters’. Active transport also was discussed to apply to 11.3 

‘inclusive urbanisation’ due to the relative inclusivity enabled by active modalities. The remainder 

of links to subgoals of SDG 11 remained the same to the originally proposed list, as is visualised in 

table 11. 

Table 11. Indicator framework resulting from indicator selection, grouped according to main criteria, 

including relation to subgoals of SDG 11 and main source of indicator. Note. 'Focus group' implies 

indicators were a product of discussion with validation from primary sources  

1. Dense and Mixed Built Form 

Indicator Measurement 

Link to 

SDG Source 
Built density Built area per hectare 11.3, 11.5, 11.6 Angel et al., 2021 

Residential density Dwellings per hectare 11.3, 11.6 Angel et al., 2021 

Land use mix 

Variety of land uses and 

relative distribution of each 

land use type 

11.2, 11.3, 11.6, 11.7 

Song et al., 2013 

2. Sustainable Transport Modes 

Indicator Sub-Indicator Measurement 

Link to 

SDG Source 

Proximity to 

bus stops 

 Proportion of dwellings within 500m to a 

bus stop with at least 60 trips per 

weekday 

11.2, 11.3, 

11.6 

STAR 

Communities, 

2016; Clifton et 

al., 2016;  

Proximity to 

train stations 

 Proportion of dwellings within 1,000m to 

a railway station 
11.2, 11.3, 

11.6 
Shen et al., 2021 

Public transport 

network 

connectivity 

 Connectivity of a transit network, 

determined by the number of stops and 

coverage of stops related the city’s 

boundaries 

11.2, 11.3, 

11.6 
Wang et al., 2021 

Pedestrian 

network 

connectivity 

Street network 

centrality 

Connectivity of street network, including 

distance between nodes (streets) and 

propensity of streets passed through on 

the way from origin to destination 

(degree, local closeness and betweenness 

centrality in 2km radius) 

11.2, 11.3, 

11.6 

Hillier and Iida, 

2005; Berghauser 

Pont et al., 2019 

 

Pedestrian 

route 

directness 

Difference between shortest path from 

origin to destination compared to 

Euclidean distance 

11.2, 11.3, 

11.6 

Dill, 2004; 

Scoppa and 

Anabtawi, 2021 

Bicycle network 

connectivity 

Density of 

bicycle lanes 

Total length of bike lanes in a developed 

area 
11.2, 11.3, 

11.6 
Hartanto, 2017 

 
Cycling route 

directness 

Difference between shortest path from 

origin to destination compared to 

Euclidean distance 

11.2, 11.3, 

11.6 
Hartanto, 2017 

3. Access to Urban Services 
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Indicator Measurement 

Link to 

SDG Source 

Access to 

childcare 

Proportion of dwellings within 1,000m to a 

childcare service + the number and variety of 

these services (day-care, preschool) 

11.2, 11.3, 

11.6 
Focus group 

Access to 

education 

Proportion of dwellings within 500m to an 

educational service + the number and variety of 

these services (primary, elementary, higher 

education) 

11.2, 11.6 

Thériault et al., 2005; Witten et 

al., 2011; ITF, 2019; Ogrodnik, 

2020 

Access to 

healthcare 

Proportion of dwellings within 1,000m to a 

healthcare service + the number and variety of 

these services (health centre, emergency 

service) 

11.2, 11.6 

Lefebvre-Ropars and Morency, 

2018; ITF, 2019; Ogrodnik, 

2020 

Access to 

employment 

Proportion of dwellings within 1,000m to a 

commercial service + the number and variety of 

these services (offices, industry, service) 

11.2, 11.6 
Thériault et al., 2005; Lynch, 

2011 

Access to 

retail 

Proportion of dwellings within 1,000m to retail 

+ the number and variety of these services 

(retail, shopping centres) 

11.2, 11.6 

Thériault et al., 2005; 

Lefebvre-Ropars and Morency, 

2018 

Access to food 

retail 

Proportion of dwellings within 1,000m to food 

retail + the number and variety of these services 

(supermarkets, fast-food, butchers, bakeries) 

11.2, 11.6 Witten et al., 2011; ITF, 2019 

Access to 

recreation 

Proportion of dwellings within 1,000m to 

recreational + the number and variety of these 

services (sports, playground, cafes, 

entertainment) 

11.2, 11.4, 

11.6, 11.7 

Lynch, 2011; Witten et al., 

2011; ITF, 2019 

Access to 

public socio-

cultural spaces 

Proportion of dwellings within 2,000m to socio-

cultural spaces + the number and variety of 

these services (museums, libraries, churches, 

community halls, squares, playgrounds) 

11.2, 11.4, 

11.6, 11.7 

Lynch, 2011; Witten et al., 

2011; Lefebvre-Ropars and 

Morency, 2018 

Access to 

waste 

management 

Proportion of dwellings within 500m to waste 

collection + the number and variety of these 

services (garbage collection, recycling, 

compost) 

11.6 Focus group 

4. Urban Green 

Indicator 

Sub-

Indicator Measurement 

Link to 

SDG Source 

Access to 

urban green 

spaces 

 Proportion of dwellings within 200m to small 

urban green spaces (smaller than 1 hectare) 

and 500m to large urban green spaces (larger 

than 5 hectares) + number and variety 

11.4, 11.5, 

11.6, 11.7 

Munier, 2011; 

Garau & Pavan, 

2018; Merino-

Saum et al., 

2020 

Exposure to 

green 

 
Proportion of surface covered by vegetation 

(trees, canopy, grass, shrubs, mixed) 
11.4, 11.5, 

11.6, 11.7 

Cabrera-Jara et 

al., 2017; 

Lefebre-Ropars 

et al., 2017 

Extent of urban 

watershed 

 Proportion of surface covered by waterbodies 

(ponds, lakes, reservoirs, river) 
11.4, 11.5, 

11.6, 11.7 
Focus group 

Permeability of 

urban space 

 Proportion of permeable land to total land 

cover 
11.4, 11.5, 

11.6 

Carbrera-Jara et 

al., 2017 

Biodiversity 
Habitat 

quality 

Patches of urban biotopes (arable land, 

meadows, forests, grassland, bare land, 

wetland, heathland) 

11.4, 11.5, 

11.6, 11.7 

Wang et al., 

2020 

 
Habitat 

connectivity 

Connection based on size of patches, size 

required for species’ habitat, and distance to 

other patches 

11.4, 11.5, 

11.6, 11.7 

Rudd et al., 

2002 

5. Social Cohesion 
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Indicator Sub-Indicator Measurement 

Link to 

SDG Source 
Equal access to 

public transport 

 Distribution (in)equality of dwellings’ 

proximity to bus stops (Gini index) 
11.2, 11.3 

Delbosc & 

Currie, 2011 

Equal access to 

urban services 
Childcare 

Distribution (in)equality of dwellings’ 

proximity to urban service within sub-

indicator category (Gini index) 

11.2, 11.3 
van Wee and 

Mouter, 2021 

 Education    

 Healthcare   Hsu et al., 2017 

 Employment    

 Retail    

 Food retail    

 Recreation    

 

Public 

sociocultural 

spaces 

   

 
Waste 

management 
   

Equal access to 

urban green 

spaces 

 Distribution (in)equality of dwellings’ 

proximity to urban green spaces (Gini 

index) 

11.2, 11.3, 

11.7 
Wu & He, 2020 

Inclusivity of 

access 

 Differences in access across socio-

demographic segments (age, gender, race, 

income, impairment) 

11.3 
Ulbrich et al., 

2018 

Variety of 

accommodation 

 Proportion of tenancies, condominiums, or 

other forms of ownership in areas with 

low, medium, and high built density 

11.1, 11.2, 

11.3, 11.6 

Bergsten and 

Holmqvist, 

2013 

Spatial 

segregation 

 Integration between districts —distance 

between nodes and propensity of spaces 

passed through on the way from origin to 

destination— (global closeness and 

betweenness centrality in 5km) 

11.2, 11.3, 

11.6 

Hillier and Iida, 

2005; Hiller, 

2012; 

4.2. Responses from Pair-Wise Comparison 

To quantify actor’s perceptions on the indicators visualised in table 11, the indicators were compared 

in terms of perceived impact of achieving accessibility and sustainability. The results of each group, 

disaggregated to each predefined actor groups, are visualised in figure 4-9 below (see section 3.3). 

Furthermore, the total aggregate priority values are given in written form, as well as standard 

deviation of each indicator group. These numerical findings are presented with a brief explanation  of 

main trends, correlations, and unusual occurrences. Consolidated data of each actor group, which are 

determinants for priority values, are presented in appendix B. 
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Figure 4. Line charts and supplementary data table of disaggregated responses of pairwise comparison per 

actor group for group 1 ‘Dense and Mixed Built Form’ 

The first group of indictors ‘dense and mixed densification’ contains indicators of density (built and 

residential) and mixed land use. Priority vectors vary between 0.2346 and 0.4399; a range of 0.2053. 

When aggregating the results of all respondents (N = 60), land use mix has the highest priority vector 

(0.3941). This category also is given as the most impactful category by each actor group, with the 

exception of smaller municipalities. Responses are relatively similar for this group, given its standard 

deviation is 0.0352. Similarly, built density has the lowest  priority value among all actor groups, 

except for academia, who state residential density to have the lowest priority value. Total aggregate 

priority vector of built density is also the lowest (0.2742) and standard deviation is slightly lower 

than mixed land use (0.0316). The most fluctuating category is residential density, whose standard 

deviation is 0.0428 and total priority vector 0.3317.  

 

Figure 5. Line charts and supplementary data table of disaggregated responses of pairwi se comparison per 

actor group for group 2 ‘Sustainable Transport Modes’ 

The second group of indicators ‘sustainable transport modes’ contains 5 indicators: proximity to bus 

stations and train stations, and network connectivity of public transit, pedestrian , and bike 

infrastructure. Priority vectors in this category have a range of 0.1363. Aggregated among all 

responses (N = 60) indicators related to network connectivity score highest in priority vectors, as 

0.2

0.3

0.4

Small
municipalities

Göteborgs stad Regional National Academia

Built density 0.2639 0.2651 0.2346 0.2698 0.3219

Residential density 0.3943 0.3351 0.3255 0.329 0.2738

Land use mix 0.3418 0.3998 0.4399 0.4012 0.4043

0.125

0.2

0.275

Small
municipalities

Göteborgs stad Regional National Academia

Bus station proximity 0.1624 0.1901 0.1503 0.1752 0.1936

Train station proximity 0.2226 0.1356 0.1546 0.1733 0.1289

Public transport connectivity 0.1806 0.2416 0.2652 0.2418 0.2409

Pedestrian connectivity 0.2063 0.2083 0.2405 0.2046 0.2201

bicycle connectivity 0.228 0.2244 0.1893 0.2052 0.2167
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public transport, pedestrian, and bicycle connectivity were rate 0.2296, 0.2224, and 0.2107 

respectively. Public transport had the most varying responses among network connectivity indicators, 

however, as its standard deviation is 0.0316, whereas the standard deviation for pedestrian and 

bicycle network connectivity is 0.0150 and 0.0157 respectively. Network connectivity of active 

modes of transport (i.e. pedestrian and bicycle) are closely represented in priority values across actor 

groups, with the notable exception of regional urban planners. Public transport network connectivity 

is stated as having the highest priority vector among each actor group, except for smaller 

municipalities. Similarly, proximity to train stations constantly has the lowest priority value, except 

for smaller municipalities and regional actors, though regional values are closely tied with proximity 

to bus stations. Proximity to train stations also has the lowest aggregate priority vector (0.1619) and 

the highest standard deviation (0.0376). Furthermore, proximity to bus stations scored relatively low 

both in terms of priority vector (0.1754) and standard deviation (0.0183). Proximity-based indicators 

are values roughly the same among regional and national urban planners, though municipalities value 

them considerably differently. 

 

Figure 6. Line charts and supplementary data table of disaggregated responses of pairwise comparison per 

actor group for group 3 ‘Access to Urban Services 

The third group of indicators ‘access to services’ followed the same phrasing for each indicator (i.e. 

distance from dwellings to service, and number and variety of services reach). The only factor that 

differed were the 9 types of services, causing the main differentiation in valuation. Priority vectors 

fluctuate between 0.0695 and 0.1717, resulting in a range of 0.1022. According to aggregate total 

response (N = 54), access to childcare has the highest priority value (0.1413), though it also has the 

highest standard deviation (0.0194). A more definite finding is that retail has the lowest total priority 

vector (0.0737), as well as having the lowest standard deviation (0.0046). Additionally, it is stated to 

have the lowest priority value among each actor group, except for Göteborgs Stad, who reported 

0.0625

0.0875

0.1125

0.1375

0.1625

Small
municipalities

Göteborgs stad Regional National Academia

Childcare 0.1717 0.1384 0.1183 0.1354 0.1384

Education 0.1233 0.1089 0.1205 0.1315 0.1272

Healthcare 0.0908 0.0906 0.1039 0.0894 0.1051

Employment 0.0917 0.1299 0.1306 0.1253 0.1261

Retail 0.0695 0.0806 0.074 0.0695 0.0729

Food retail 0.1218 0.1376 0.1171 0.1405 0.1291

Recreation 0.1036 0.1193 0.1147 0.098 0.1114

Public socio-cultural spaces 0.1065 0.1182 0.1113 0.089 0.09

Waste managemet 0.1211 0.0765 0.1096 0.1214 0.0999
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waste management as its lowest priority. Overall, however, waste management is quite averagely 

valued in total priority (0.1037), though it has a relatively high standard deviation (0.0186). Unlike 

retail, food retail specifically is valued relatively high, having a total priority vecto r of 0.1295 and 

standard deviation of 0.0100. Another indicator that is valued relatively highly is education, which 

has a total priority vector of 0.1226 and standard deviation of 0.0086. On the lower end of the 

spectrum, healthcare has a total priority vector of 0.0966 and a standard deviation of 0.0078. 

Indicators that ended up with relatively average values are employment, recreation, and public socio -

cultural spaces, having a total priority vector of 0.1190, 0.1110, and 0.1026 respectively, as well as 

having a standard deviation of 0.0164, 0.0086, and 0.0130 respectively. A correlation between 

recreation and public socio-cultural spaces can be observed, as they continuously differ less than 0.01 

vector values among all urban planning actors. 

 

Figure 7. Line charts and supplementary data table of disaggregated responses of pairwise comparison per 

actor group for group 4 ‘Urban Green 

The fourth group in the indicator list ‘Urban Green’ has 5 indicators, one of which is also linked to 

accessibility: access to urban green spaces. Also, it contains 2 indicators related to water: 

permeability of urban space and the extent of the urban watershed. In the indicator list, biodiversity 

is the only aggregate indicator, consisting of 2 sub-indicators, which are not represented in pair-wise 

comparison. Priority vectors vary in a range of 0.1405. When prioritised among all respondents (N = 

53), access to urban green spaces has the highest total priority vector (0.2459). It is stated to have 

the highest priority for all actor groups, except for regional and national actors, and has a standard 

deviation of 0.0223. Biodiversity has the highest priority values for the remaining actor groups and 

has an overall priority vector of 0.2409 and has a standard deviation of 0.0239. The extent of the 

urban watershed is overall stated to have the lowest total priority vector (0.1561), as well as having 

the lowest standard deviation within this category (0.0171). Furthermore, it is presented as the lowest-

valued category among each actor group, except for Göteborgs Stad and regional actors, who value 

exposure to green as the lowest. Green exposure, is overall valued quite lowly, having a total priority 

vector of 0.1803, though its standard deviation among actor groups is the highest (0.0371). Being 

relatively close in priority values to extent of watershed among actor groups, except for regional and 

national actors, permeability of urban space has a similarly low total priority value (0.1769), though 

it has a considerably higher standard deviation (0.0322). 

0.125

0.175

0.225

0.275

Small
municipalities

Göteborgs stad Regional National Academia

UGS proximity 0.2496 0.263 0.2342 0.2119 0.2659

Exposure to Green 0.2183 0.1488 0.1463 0.1858 0.2247

Watershed extent 0.1632 0.1667 0.1513 0.1636 0.1254

Permeability 0.1714 0.1858 0.2119 0.1996 0.1285

Biodiversity 0.1975 0.2358 0.2563 0.239 0.2555
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Figure 8. Line charts and supplementary data table of disaggregated responses of pairwise comparison per 

actor group for group 5 ‘Social Cohesion’ 

In the indicator group 5 ‘social cohesion’, 3 indicators centred around the equality of access to 

facilities mentioned in earlier categories: public transport, urban services, and urban green spaces. 

Furthermore, inclusivity of access, variety of accommodation (presented in figure 8 as tenure mix), 

and spatial segregation are included in this group. Responses in this group are fluctuate the least 

among all major groups, as the priority values have a range of 0.0773. 

Spatial segregation, by far, had the highest inconsistency among answers, having a standard deviation 

of 0.0273. Furthermore, it was presented as having the highest priority vector for Göteborgs Stad and 

academia, though it is stated as the second-lowest-valued indicator by regional and national actors. 

In aggregate response (N = 48), it has a total priority vector of 0.1766. The highest total priority 

vector is seen for variety in accommodation (0.1805), which has a standard deviation of 0.0178. The 

lowest total priority vectors were linked to inclusivity of access and equal access to urban green 

spaces, which had a priority value of 0.1546 and 0.1530 respectively (standard deviation: 0.0089 and 

0.0094 respectively). Other equality-based indicators scored quite averagely, with equal access to 

public transport having a total priority vector of 0.1676 and equal access to services having a total 

priority vector of 0.1678. Responses varied considerably for equal access to public transport, 

however, as it ranges from being the second-lowest rated indicator for Göteborgs Stad and academics 

to the top-rated indicator for national actors, as well as having a standard deviation of 0.0193. 

Responses related to equal access to services have a standard deviation of 0.0081. 
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Göteborgs stad Regional National Academia

Equal access to PT 0.1635 0.1465 0.1761 0.1975 0.1597

Equal access to services 0.176 0.1756 0.1617 0.1586 0.1718

Equal access to UGS 0.1547 0.14 0.1512 0.1469 0.1653

Inclusivity of access 0.1465 0.1659 0.1597 0.1557 0.1448

Tenure mix 0.1953 0.1547 0.1961 0.1906 0.1734

Segregation 0.164 0.2173 0.1552 0.1507 0.185
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Figure 9. Line charts and supplementary data table of disaggregated responses of pairwise comparison per 

actor group for main indicator groupings 

The least correspondence in responses is visualised in the interrelated valuation of main indicator 

groupings of the aforementioned criteria. Responses vary between 0.1505 and 0.2557; a range of 

0.1052. An aggregate of responses (N = 48) concluded that sustainable transport modes have the 

highest priority vector (0.2113). Nevertheless, it is only stated by national actors to have the highest 

priority value, varying considerably in perceived importance, having a standard deviation of 0.0256. 

Second highest in total priority value (0.2074) is social cohesion, which is accordingly stated to have 

the highest priority value for municipal urban planners and academia. Nevertheless, it is scored 

considerably low by national actors, resulting in the highest standard deviation of 0.0357. A similar 

trend can be identified for dense and mixed built form, which has a relatively low total priority vector 

(0.1923) and is concluded to be the lowest-valued indicator for all actors, except for national actors, 

resulting in a similarly high standard deviation of 0.0302. More consistent, accessibility to se rvices 

has a standard deviation of 0.0109 and urban green 0.0165, having a total priority vector of 0.1915 

and 0.1976 respectively. Notably, urban green is given as the highest valued indicator for regional 

actors, whereas it remains within average ranges for other actors. 

Some other notable findings from the survey results that are not related directly to the numerical 

output of pairwise comparison could be identified. Most respondents that answered equality of 

importance for each indicator, but where otherwise valid in response, were found in main groupings. 

Also, most responses (6) that were otherwise valid stopped after reaching group 3 ‘accessibility to 

urban services’, closely followed by 5 respondents dropping out after reaching group 5 ‘social 

cohesion’. 

5. Discussion 

5.1. Relevance of Indicators 

5.1.1. Focus Group Contributions 

For a complete overview of urban services relevant for project appraisal, respondents from the focus 

group (see section 4.1) specifically stated the desire for inclusion of childcare and waste management. 

This belief is supported by Morrissey (2017) who called that the availability of early care and 

education is positively connected to maternal employment and better overall participation, which 

allows for better social and economic equality (Chaudry et al., 2021). Participation is more elastic, 

however, to policy tools such as paid parental leave and public childcare (Ibid.; Morrissey, 2017). 

Nevertheless, access to these services hints to the importance of spatial configuration to parental 
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Small municipalities Göteborgs stad Regional National Academia

Built Form 0.19 0.1741 0.178 0.2436 0.1703

Transport 0.2035 0.1891 0.2031 0.2557 0.2061

Access to Services 0.1934 0.2013 0.1874 0.1742 0.1994

Urban Green 0.2014 0.1902 0.221 0.1759 0.1963

Social Cohesion 0.2117 0.2454 0.2105 0.1505 0.2278
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participation. Furthermore, waste management is essential to urban function, though it can also help 

in establishing sustainable development. Otterpohl et al. (1997) call that urban waste management 

plays an important role in establishing conditions for utilising renewable energies, which has broader 

macro-climactic impacts. Furthermore, Caruso et al. (1993) notes that urban solid waste management 

is a multi-scalar issue; for the local scale it would apply to collection and mobility, whereas the 

regional scale it would connect to processing and disposal. This implies that it provides a base for 

multi-scalar actors to value the importance of the urban waste management system differently.  

Additionally, access to water was problematised by respondents of the focus group as being too 

unilateral in phrasing. Muller (2007) stresses the importance of access to water to socio -

environmental functioning, though an overabundance of water cover can have a multitude of risks. 

Due to climate change, an increase in floods, supply failure, and economic collapse can risk human 

settlements. Though Muller (2007) mainly advocates for policy changes, the extent  of an urban 

watershed can have various planning-related implications on urban resilience. Zhang and Li (2018) 

call for the urban waterfront to be sufficient to cover basic water and energy supply needs, though 

within limits to prevent flooding and environmental threats, implying it can be a considerable metric 

for spatial planning. Besides spatial implications, resilience can be fostered by the design of 

infrastructure of the urban watershed (Ibid.). Furthermore, Kaushal and Belt (2012) note that the 

spatial configuration of watersheds complements the effects of the extent . Though a full system 

encompasses global scales, streams and longitudinal configuration can be affected by land use, 

allowing it affect municipal and regional planning differently. Particular to the geographical case 

focused on in this research, flooding is a considerable topic in comprehensive planning by Göteborgs 

Stad (2019). The municipality specifically dedicates attention to planning to adaptations for high sea 

levels, riverbank protection, and rainwater runoff. Altering the urban watershed can provide various 

possibilities to incorporating these strategies. Greene and Cruise (1995) discussed the possibilities of 

modelling urban watersheds using GIS, mainly stating its surfaces are able to being captured 

quantitatively. Hence, the addition of this topic is highly relevant for urban sustainabili ty appraisals.  

Another prevalent topic discussed in the focus group were topics that were more quality -oriented and 

arguably relate to the design. A prominent topic that could have more qualitative indicators was 

related to public transport, as focus group attendees referred to the quality of streets, safety of streets, 

and capacity of public transport, noting that once capacity is reached, accessibility will not have a 

considerable impact. In the process of selecting indicators, some of the included sourc es mentioned 

more specific indicators that relate to these topics, such as noise levels in decibels, transit availability, 

safety in road fatalities, and air pollution in µg of various emissions (STAR Communities, 2016; EU, 

2019; RKA, 2020). A particularly relevant case was presented by Wang et al. (2021) who had various 

options of detail to evaluate the network connectivity of a public transport network. Currently, it 

accounts for the coverage of bus stops within a certain area, though it could be further complexified 

by quantifying demand, the mileage of buses within the system, and capacity per vehicle. Though 

arguably important for specific cases, these indicators serve a different function than what a holistic 

indicator framework aimed to spatial planning should strive for. One report used for indicator 

identification specifically focussed on an integrated indicator framework that links urban planning to 

urban design, including the prevalence of ambient lighting, attractiveness of walking spaces, and 

crossings, especially delves into urban design (EU, 2019). Though these themes were more prevalent, 

they were not included, as quantification of these factors on future scenario appraisal is highly 

complex if not specified in detail in a project plan. This incompatibility exposes a potential missing 

link between urban design, landscape architecture, and spatial planning. This barrier is also noticed 

by von Haaren et al. (2014), who acknowledge the importance of cooperation, but specify a 

distinction between methodologies driving each discipline’s operations. Integration of these 

disciplines could be inquired further, as interdisciplinarity transcends the actors that are presented in 

this study. 

Though admittedly important and interrelated with spatial planning,  the integration of disciplines 

poses a conflict to the extent of detail an indicator framework should have. Another topic addressed 

by respondents of the focus group was the quality of parks that could be addressed more. The further 

detail evaluation of urban green spaces would be fitting, as the effects of accessibility to parks have 

a myriad of benefits (Wolch et al., 2014; Waters, 2016). The added complexity of detailed indicators 
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to broader topics like this, however, could allow other topics to also be  complexified further. For 

example, Knobal et al. (2021) developed a 90-criteria long indicator framework that assesses the 

quality of urban green spaces. Though thorough in its design and its criteria being helpful in guiding 

processes, the indicators are too detailed and context-specific for holistic appraisal frameworks. For 

example, the framework includes a comprehensive list of bird and animal orders to account for 

biodiversity. This topic is also included in the indicator framework presented in this s tudy, though 

broader, enabling contextualisation depending on the region or scale of application. This trade -off 

can be extended to each topic currently presented in the indicator list, as it could be infinitely more 

detailed, though the limits of quantification-dependent data analysis systems, like GIS, ultimately 

determine the limits of scenario appraisal. 

5.1.2. Importance of Topics in Indicator List 

5.1.2.1. Dense and Mixed Built Form 

Density and mixed land use was considered to be highly important by respondents of the focus group. 

Mainly noted for their central position in affecting topics that result in deviations in other indicators, 

this response is well in line with the notion mentioned in section 2.3 , that it is a staple metric that 

can hint to the overview of quantitative densifications effects. Especially , density was stated to be 

highly important and highly operationalised. However, this is not represented in survey responses, as 

it is valued as the lowest main group. Furthermore, densification indicators, including residential and 

built density, were visibly valued lower than land use mix. Land use mix is similarly impactful as 

densification (see section 2.3), though it has more unilateral positive effects on accessibility and 

sustainability, as is also a positive determinant for a myriad of effects in the complex system that 

contrives spatial planning. Though both impactful, mixed land use can be used as a complimentary 

strategy to enhance the positive effects of densification and potentially negate its negative effects 

(Yamada et al., 2012). Nevertheless, the interrelation of both topics, extended to other indicators 

described in this study, furthers the complexity of evaluating densification projects.  

This complexity is extended by the distinction between built and residential density. Though 

extensive in their effects, respondents favoured prioritising residential density over built density. 

Boverket (2017) mentions that residential areas provide complications that extend built form, which 

apply to the accessible reach of people calculated from dwellings, the tenure variety in a city, and 

social equity these factors can foster. Both factors can be highly complementary, however, 

reinforcing the importance of considering integrating residential density, built density, and mixed 

land use when operationalising densification projects. 

5.1.2.2. Sustainable Transport Modes 

To realise accessibility and sustainability, respondents mostly opted for indicators related to 

sustainable transport modes to have the highest priority. Out of all transport indicators, connectivity 

of networks, including public and active transport, were valued the highest in priority among all actor 

groups. This link is especially apparent when comparing the priority vectors between the connectivity 

of public transport networks and those of proximity to public transport stations. Though it contrasts 

the statement of focus group attendees that the issue is too complicated to be understood by 

practitioners, it affirms Hillier and Iida’s (2005) assertion that the layout of a street network layout 

dominantly shapes the way people move between certain points. The two active transport modes, 

pedestrian and bicycle, are nearly identical in priority values across actor groups, i llustrating the 

potential to combining these indicators, as well as acknowledging the tight connection between the 

two modalities. Furthermore, there is a clear priority of connectivity of a public transport network. 

This is further acknowledged by the focus group’s consensus that there is a need to explicitly address 

modalities, and especially public transport. This trend is somewhat surprising, as literature mainly 

mention how walkability can foster the use of public transport (Waters, 2016; Jeffrey et al., 2019). 

Contrastingly, Trafikförvaltningen (2018) establishes that proximity to public transport stops 

enhances walkability. They specify that people are less likely to walk when proximity of a public 

transport stop is either 500, 700, or 900 meters distant, depending on the area’s building types and 

built density. This negatively affects public transport ridership, meaning that the two modalities are 
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interdependent on each other. Nevertheless, the relatively higher valuation of public transport 

connectivity could be explained as public transport could be seen as a main substitute for private 

motorised vehicular transport, which was stated to be particularly important by focus group 

respondents. Nevertheless, literature used to determine densification effect mentioned that built form, 

related to walkability of a city, can significantly reduce use of car ownership and usage (Naess, 2003; 

Ding et al., 2017). It indicates that active modes of transport could have more attention in urban 

planning, even though the connectivity of both networks are justifiably valued highly. 

Out of the two proximity-based indicators, proximity to train stations scored the lowest, which 

suggests a preference of urban planners to focus on buses to supply an urban public transport network. 

Potentially, it can be explained by bus network using existing road infrastructure rather than newly 

introduced rail tracks, making them easier to include in planning.  The need to address modalities in 

indicators, as mentioned by focus group respondents, specifically stressed the importance of bus 

stops, which acknowledges this trend. Only one source out of all used to identify indicators, Shen et 

al. (2021), included a separate indicator for accessibility to train stations, where other  sources opted 

for bus stations or an integrated approach to public transport. Shen et al. (Ibid.) constructed the 

indicator framework for a very specific region however: the metropolitan Vancouver Region in 

Canada. This undervaluation of this topic might indicate that it is not suitable for all spatial 

contextualisation, though this will be further discussed in section 5.2.2. 

5.1.2.3. Access to Urban Services 

In terms of accessibility to services, the topic of childcare, which was introduced by attendees of the 

focus group, received the most priority valued by survey respondents. This is a remarkable finding, 

as childcare is rarely represented in existing indicator frameworks (see section 2.5.2.3). Though the 

importance of provisioning childcare services is acknowledged, however,  due to its far-reaching 

ability to foster participation (Morrissey, 2017). Other highly valued topics, including food retail, 

education, and employment, hint to competing importance between urban services. Respondents who 

validated indicators also noted a separation between essential and secondary services, which could 

explain the divide between the aforementioned factors and the undervalued priority of , e.g., 

recreation and public socio-cultural spaces. The topics of perceived hierarchical importance of urban 

services and the distinction between primary and secondary services are not researched, illustrating 

a need to fill this knowledge gap in further research. A distinction between priorities could be 

explained by Maslow’s (1943) hierarchy of needs. According to this theory, food retail satisfied 

physiological needs by providing nourishment, whereas education and employment fulfil safety 

needs, by providing means to function within modern society. Both categories are basic needs, which 

arguably also encompasses childcare, as participation it provides enables benefitting from 

employment and education. This theory would also explain why recreation and non-food retail are 

valued considerably lowly, as they fulfil less immediate needs like esteem and self -actualisation. The 

theory is quite capable in explaining the hierarchy of valued priorities among urban services, though 

a notable outlier is healthcare, which is considerably low valued. Arguably, health belongs to the 

most primary of services, fulfilling physiological needs. Furthermore, it is the topic most prominently 

covered in existing indicator frameworks (see section 2.5.2.3). A corroboration with the lower 

prioritisation of healthcare is established by Witten et al. (2011), who present an equally low value 

in its neighbourhood destination accessibility index. The authors support this finding by noting that 

these amenities are not as frequented as other types of services, like food retail, education, and 

recreation. Though still providing some conflicting notions with other priority values, this could 

indicate the low results for healthcare specifically. 

Other than this exception, the theory of the hierarchy of needs is quite capable in explaining the 

valued priorities of services. Nevertheless, the hierarchy established by Maslow (1943), though 

mainly acknowledged by the survey respondents, could be problematised by the apparent lack of 

priority given to social categories, which transcends to urban services fulfilling social and self -

fulfilment needs to be valued lower, in this case: recreation and public socio -cultural spaces. These 

urban service types are nearly interchangeably valued in importance, which could identify the 

potential to combining these categories in appraisal, though it could also illustrate the lack of 

knowledge of qualitative aspects in social services. Though often undervalued in both academic 
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research and in urban planning, social factors and recreational activities are hard to grasp for 

evaluation, further complexified by ecological aspects of urban recreation (Peña, 2015). Respondents 

in the focus group furthered this sentiment by acknowledging the complexity and non-definability of 

recreational services. Though complex, access to these services can foster considerable 

psychophysiological benefits, potentially illustrating that this undervaluation is unjustified. In a 

broader context, this could imply that the hierarchy of needs can be problematised to undervalue 

social needs. Trigg (2007) supports this notion that social interaction and culture are downplayed in 

the generally accepted theory, potentially fostering to undesired socio-economic effects of intensified 

consumerism. The need to address prioritisation of urban amenities and the underlying psychological 

reasoning deserves recognition in future research. 

5.1.2.4. Urban Green 

Potentially an extension of access to urban services, access to urban green spaces was rated the 

highest among indicators in the "Urban Green" group. The substantial amount of attention 

corroborates with the central position the topic has within the interrelations of effects of densification 

(see section 2.3). It acknowledges the ability of urban green spaces to foster benefits to health, 

pollution, social interaction, and climactic effects (Wolch et al., 2014; Waters, 2016). This innate 

ability could explain the relatively low values for exposure to green, as the provision of green spaces 

implies the exposure to green but furthers it with socio-environmental benefits. It is a broader metric, 

however, though it could be an indication to the survey responses. Respondents from the focus group 

also mentioned this interrelation, though furthered it that all indicators might be  too interrelated to 

be valued individually. Priority vectors differed quite visibly per indicator, however. Comments 

about a lack of knowledge and potential misalignment of water-related indicators did reflect in survey 

responses. It could identify an overall gap of knowledge in urban watersheds and permeability of 

urban spaces. This is in-line with Hurlimann and Wilson’s (2018) assertion that overall knowledge 

of ecological resilience related to water management is lacking, though are increasing in import ance 

and in public awareness. The authors acknowledge the need of integration between spatial planning 

and water management, though the connections are not fully research yet. The issue is further 

complicated by the need to integrate climate change adaptation within this collaboration, which 

further broadens the knowledge required for urban ecological conservation.  

Out of all indicators within this category, one that sticks out to be particularly positive in priority 

value is biodiversity. It was mentioned by focus group members to be too complex and context-

specific to be fully understood and incorporated in holistic project appraisal, though it is valued only 

slightly lower than access to urban green spaces, which received considerably more attention by 

respondents of the focus group. The stated complexity and the reported high values could illustrate 

that the ambition of carrying out conservation efforts is not supported the capabilities to do so. Parris 

et al. (2018) describe a similar gap between discourses around ecological planning and the lack of 

practical implementations. The authors suggest that improving biodiversity in urban planning 

transcends the direct conservation of habitats and species, also mentioning that walkability, 

psychophysical interaction with ecosystems, and built design can foster urban biodiversity, which is 

supported by its position in the system presented in section 2.3, where it is affected by a myriad of 

inputs, being quite elastic to variations in external aspects. Parris et al. (2018) further acknowledges 

an increasing trend to account for beneficial urban ecological design, though Nilson (2017) mentions 

that integration between local biodiversity conservation interferes with the desire of planning 

practitioners to highly quantify performance of, e.g., air and water quality, population and species 

biodiversity, and ecological connectivity, which is immeasurable for future scenarios. The authors 

further this by establishing the importance of ecosystem services on urban functioning, though related 

aspects can pose an even more immeasurable basis for analysis. Furthermore, Norton et al. (2016) 

mention that the field of urban ecology is still in its infancy, which transcends to urban planners to 

lack a foundation, causing actors to have limited knowledge for it to be incorporated in planning. 

These trends acknowledge the importance of biodiversity conservation, though illustrate a perceived 

gap in adaptation of measures.  
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5.1.2.5. Social Cohesion 

The ultimate category including social factors was valued quite highly in priority by respondents, as 

the main group of social indicators received the second-highest priority vector among main groups 

(see figure 9). It could hint to an error in responding, as it was the last category to be included, which 

could mean the topics were still vivid in people’s minds. Answers in this category tend to be quite 

nuanced, though illustrate some major differences between actor groups, which will be discussed in 

section 5.2.2.5. Topics that globally stand out, however, are spatial segregation and tenure mix. 

Though mentioned by Legeby (2013) to be focussed mainly on spatial configuration leading to social 

segregation, the term itself might be more emotionally laden. Though acknowledging the spatial 

connotations of the phenomenon, Vaughan and Arbaci (2011) stress the discourse orienting on 

"ghettos" and "racial divides" stigmatising the phenomenon, potentially causing the topic to be 

overstated in importance by survey respondents. Contrastingly, each indicator relating to equality of 

access is valued notably lower, though they are arguably interconnected. The relatively high value of 

equal access to transport, compared to this sub-group of indicators, can be linked to the 

aforementioned overall high valuation of transport-related indicators. Attendees of the focus group 

did mention that equality of access is a complex topic, arguably too complex to be defined in a single 

metric, hence suggesting their undervalued position. Furthermore, the high prioritisation of tenure 

mix affirms the widely adopted notion that access to accommodation fosters social inclusivity, 

economic vitality, and overall accessibility (Cavicchia, 2021; Martino et al., 2021). 

For answers relating to the main groups, actor groups responded widely inconsistently, which could 

indicate in the apparent complexity of applying social factors across scales. Likewise, the relatively 

high rate of respondents stopping the survey when reaching this category could illustrate a lack in 

people’s affinity with social topics, though it could also be a sign of respondent fatigue. Respondents 

mentioned that social indicators are rarely used in project appraisal because of their complexity to 

quantify. This is echoed by Ryan (2011), who states the complexity of incorporating social 

information with highly quantitative analysis methods, such as GIS. The importance of such 

information, however, is not to be undermined, as it can be highly affected by urban planning (see 

section 2.1.5). Though determined by various factors, Schwirian et al. (1995) call that including a 

single social metric is considerably more meaningful than interpretive causal modelling. Uses of 

socio-geographical data is arguably more functional, however, in landscape assessment based on 

public perception of cultural ecosystem services (Ibid.; Peña et al., 2015; de Vreese et al, 2016). 

Nevertheless, the highly quantifiable metric of the Gini coefficient, as proposed by van Wee and 

Mouter (2020) can be competent for evaluation. Dempsey et al. (2011) further this by acknowledging 

a divide between non-physical and physical factors contriving urban social sustainabil ity. Physical 

factors include accessibility, though also housing, design, neighbourhood, and walkability. These 

elements illustrate that social metrics are compatible with quantitative appraisal methods  

Furthermore, respondents noted that indicators relating to topics of equality are too specific for global 

planning and are applicable in specific contexts. This thought could illustrate an undervaluation of 

social topics in spatial planning. Dempsey et al. (2011) notes that social sustainability, though 

accepted as important, is conceptually interpretive can be difficult to integrate with more definite 

data. Lélé and Norgaard (2005) establish a similar difficulty in interdisciplinary practice, as full 

objectivity is hard to reach in interpretive information in the way quantitative metrics can, which 

allows data stemming from, e.g., economics, ecology, and transportation to be perceived as more 

universally useful than anthropological information. Besides the issues of interdisciplinary, this can 

explain why social impacts are less represented in scientific papers as a result of densification 

(Berghauser Pont et al., 2021). Furthermore, this supports why social impacts have the largest 

deviation between planning arguments and scientific evidence. Similarly, Boström (2012) calls that 

generally, social dimensions gain less attention in planning and policy and Bryan et al. (2010) 

conclude that biophysical and economic values are considered more prominently in spatial planning. 

Though crucial for sustainable urban planning, difficulty in realisation makes social topics complex 

to operationalise in evaluation. 
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5.2. Interspatial and Interdisciplinary Comparison of Priority 
Values 

5.2.1. Dense and Mixed Built Form 

Though regularly valued relatively low in priority, national actors value built form considerably 

highly in its ability to foster accessibility and sustainability. Though clearly established in 

prioritisation of the main groupings, no notable outlying values by national actors within group 1 

‘dense and mixed built form’ are visual (see section 4.1), making it hard to determine what is driving 

this discrepancy. Overall, it could be explained by Parr’s (1985) notion that density is cumulated by 

larger spatial scales This means that built density on the local level orients on buildings, whereas 

more global actors shift focus on the agglomeration of urban areas. Similarly, access benefits 

provided from density shift to disestablishing barriers to access between various cities on more global 

scales, rather than barriers to access on individual amenities and the utilities they provide. Though 

stated by Parr (Ibid.) to also apply to interspatial relations between urban and metropolitan area , this 

trend is not reflected in any major difference between the valuation of dense and mixed built form 

for municipalities and regional actors. Therefore, it indicates interspatial discrepancy by the 

overvaluation of national actors, though cannot be fully seen as an issue linear to spatial scale. 

Other major differences found in this indicator group was that mixed land use was not valued as 

highest priority by municipal actors only, and that academics value built density over residential 

density, which is continuously an inverse relationship for urban planners.  Though not severe in 

relative numbers, it could hint that smaller municipalities might opt for a different focus in realising 

accessibility and sustainability. This disparity is extended by academia being the only actor group 

valuing built density higher than residential density. Though close in effects, opting for residential 

and built density as a preferred outcome can have varying results, as mentioned in section 2.4.2.1. 

This misalignment between both spatial actors and between disciplines illustrate some minor 

interspatial and interdisciplinary discrepancies between actors groups, though qualitative data 

supporting these variations between priority values is missing, causing related phenomena to be 

speculative. 

5.2.2. Sustainable Transport Modes 

The misalignment between local actors and academia is noticed in another aspect, though related to 

transport modalities. Though overall low in priority values, proximity to train stations is valued 

considerably highly by local municipalities and especially low by academics , further hinting to 

interspatial and interdisciplinary discrepancies. The overvaluation of proximity to train stations on 

the local scale is surprising, however, as train travel is usually associated with more global scales, 

while local scales usually focusing on bus travel and active modalities (Nilsen and Skov -Peterson, 

2018; Rodrigue, 2020). Described briefly by Ewing and Cervero (2010), it could hint that smaller 

municipalities are dependent on reaching larger urban areas for employment, creating demand for 

inter-urban rail travel. Briefly looking at geographical positioning of municipalities involved in this 

study, the majority of settlements are station communities, which further explains the high valuation. 

Responses differed not much between municipalities, however (see appendix B), so municipalities 

without train stations still valued this category relatively highly. The multi-scalar differences between 

modes could explain the differing priority values of the main group sustainable transport modes 

between actor groups. Mainly national and local municipal actors value this aspect highly, whereas 

other actors are more nuanced about the global topic of transport. It hints that transport is per ceived 

differently across scales. This corroborates with Rodrigue’s (2020) notion that transport crosses 

horizontal boundaries of spatial scales, implying that networks grow according to municipal, 

regional, and national scales. It furthers the notion that smaller municipalities focus more on active 

modes of transport, though national actors focus more on motorised travel.  

Another disparity identified in figure 5 is the nearly universal equal valuation of the network 

connectivity of active transport infrastructure, relating to pedestrian and bicycle modalities, except 

for the notably outlying regional scale. The adjacency of both topics is in -line with the focus group 
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respondents’ claim that cycling is too much of a niche to have its own category, resulting in nearly 

equal priority vectors for bicycle and pedestrianised transport. Furthermore, it adds focus to 

comments relating to there not being a definite distinction between networks, as streets might be 

shared by various modalities. The regional exception to the otherwise homogenous indicators, 

however, points to a possible misalignment between more local and global actors. Barthélemy (2011) 

acknowledges that spatial networks become more complex related to their topographical distance, 

especially noting its varied determinants on the increased importance of infrastructural networks to 

account for adequate navigation and walkability. This trend is not extended to the national scale, 

however, causing a progressive trend to be undecided. It does, however, point to a potential 

discrepancy for regional planners. 

In relation to the prominence of public transport, Nielsen and Skov-Peterson (2018) note that cycling 

developments are mainly focused on local scales, as most trips occur at a 1-5km scale. Once this 

point is crossed, public transport becomes more important in determining people’s travel behaviour 

and opted modality. Similarly, people’s willingness to walk is higher around 500m trips and drops 

significantly for trips over 1.2km (Millward et al., 2013). This trend is reflected in the survey results, 

which display a clearly higher valuation of connectivity of a public transport network at larger scales 

(see figure 5). The scalability of distances travelled is therefore intrinsically linked to the scalability 

of modalities, explaining the trend of growing priority of a public transport system for actors on more 

global scales. This scalability needs to be reflected in indicator lists as well, however, which is 

difficult when working with unilateral metric distances, as is the case in indicator framework used as 

inspiration for the established indicator list in table 11 (Thériault et al., 2005; Lynch, 2011; Witten 

et al., 2011). This illustrates the need for contextualisation of indicators used on individual cases of 

project appraisal. 

5.2.3. Access to Urban Services 

Priority values displayed in group access to urban services (figure 6) provide a myriad of differences 

in responses. Most of these disparities, however, concern spatial differences. In fact, priority values 

linked to academia generally seem to give an approximate average of values given by actors across 

spatial scales.  This could indicate responses being fragmented due to the high number of indicators, 

although the paired consistency indices were consistent enough among respondents (see appendix B) 

while the range was relatively high, relative to the number of indicators included. Likewise, the large 

number of discontinuations at this point in the survey could illustrate fatigue because of the large 

number of indicators. Nevertheless, some disparities could be observed.  

Though overall valued as the highest indicator, childcare is especially highly valued in priority by 

smaller municipalities. Similar to the high prioritisation of residential density, this could illustrate a 

human-centric approach of local institutions, who are closer to the individuals who are affected by 

decisions made. Though Tennøy et al. (2016) do not focus on childcare specifically, the participatory 

effects are acknowledged to focus on more on local scales. 

Contrastingly, local actors value access to employment considerably less than their more global 

counterparts. This could be explained by the aforementioned notion of inter -urban commuting, which 

illustrates how dwellings and workplaces do not necessarily have to coexist within the same urban 

space (Ewing and Cervero, 2021). Though arguably non-linear when applied to, e.g., remote working, 

it could be deterring to overall accessibility. This trend is quite able to illustrate why the discrepancy 

occurs, though it is important to note its ability to hinder cooperation between interspatial planning.  

Otherwise quite equal among priority vectors, larger municipal actors, i.e., Göteborgs Stad, value 

waste management quite lowly. This corresponds with the notion of Caruso et al. (1993) that waste 

management systems span across spatial scales and have varying purposes depending on what level 

is focused on. Why exactly it is significantly lower for Göteborgs Stad, however, could be linked to 

an already well-functioning system that is taken for granted, which causes priority to lower to a lack 

of urgency. Similarly, other aspects that were valued highly could be exacerbated by imperfections 

in functioning of urban services. Nevertheless, it would require qualitative data to back this claim 

up.  
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5.2.4. Urban Green 

Generally, the group urban green is valued averagely high, though it is considerably highly valued 

in priority by regional actors. Though not particularly backed up by deviations in valuation of 

indicators within the group, it corresponds with Tan and Samsudin (2016), who argue that spat ial 

scales have a considerable influence on the spatial equity of urban green provision. The authors note 

that regional scales are more equitable by addressing a greater service area, directly affecting 

accessibility. This trend is not extended to the national scale, however. Furthermore, it does not 

address the issue that Tan and Samsudin (2016) describe, where there is a greater need to address the 

provision of urban green on local scales, possibly linking to an undervaluation of the topic. Likewise, 

the indicator describing exposure to green has adverse results, where regional actors value it 

considerably lower than national and small municipalities. It might link to the difference in 

typification of green and green spaces across spatial scales. Whereas local actors might consider 

urban green spaces to focus on parks or gardens, regional scales could focus more on agricultural 

land, protected nature reserves, and buffer zones between transport infrastructure and other land uses 

(Panduro and Veie, 2013). Though no direct link could be identified between the valued priority of 

access and exposure to green and further implications to planning, it opens up the opportunity for 

further inquiry, as these topics are quite closely interrelated. 

Though already established by focus group attendees that ecological issues are complex for urban 

planners, there is a slight trend that actors at smaller spatial scales tend to value biodiversity lower 

than more global counterparts. It could mean that operationalisation of biodiversity in urban planning 

requires substantial capacity to handle complex information, i.e., a separate natural science 

department within a municipality, which might not always be the case. This is backed up by Nilson 

et al. (2017), who mention that cities that have ecological performance stated in comprehensive 

planning, are usually mandated by larger legislative bodies, implying that scale is an issue. Faith and 

Walkers (2002) also acknowledge that a lack of research can be observed to adequately incorp orate 

ecological factors into local urban planning. Due to economies of scale, the relative opportunity costs 

needed to account for detailed and contextual biodiversity conservation might exceed the capabilities 

of smaller actors. Similarly, a similar notion could be related to local actors potentially lacking the 

resources to consider permeability in planning practices, as it is valued considerably lower by 

municipal actors than regional and national actors. The overall lowly valued watershed extent is 

conflicting with Göteborgs Stad (2019) who focus considerably on water-related resilience in 

planning reports. Furthermore, academics valued both indicators related to water, i.e., the extent of 

the urban watershed and permeability, relatively lowly. This could illustrate an interdisciplinary 

discrepancy, where practitioners focus on different topics than academia does. Van Kerkhoff and 

Pilbeam (2017) assert that environmental decision-making not only looks at scientific input but is 

also driven by socio-political context. In this case, it might indicate that a hydro-environmental focus 

is too prominent in regional and national practice, rather than ecosystem services of exposure to 

green. To fully understand this dichotomy, the position of water in comprehensive planning needs to 

be understood. 

5.2.5. Social Cohesion 

Though not as extensive as, e.g., access to urban services in number of indicators, social cohesion 

has a particularly low range of answers. This could either mean that opinions are generally more 

nuanced in this aspect, though it could also signify social indicators are less graspable than other 

categories, as asserted by focus group participants (see section 5.1.2.5). Furthermore, it could indicate 

in respondent fatigue, as respondents would have had to fill a considerable part of the survey before 

reaching this point. 

Nevertheless, the low range still allows for a few differences in valuations between actor group s. For 

example, national actors value social factors generally considerably lower than any other actor group. 

This could be supported by the nature of organisations making up the nationally represented group, 

Trafikverket and Ramboll, to operationally focus considerably more on transport. This is also 

reflected in the lower valuation of equal access to public transport by municipalities, whereas it is 

notably higher for regional and national actors. On the other hand, Göteborgs Stad values social 
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factors especially high. Overall, this actor group seems to account for the most deviances in answers. 

Göteborgs Stad values spatial segregation exceptionally high, whereas it is otherwise rated quite 

lowly, except for academics. Likewise, tenure mix is valued especially lowly by the larger municipal 

actor.  

The high prioritisation of spatial segregation by Göteborgs Stad aligns with segregation in Göteborg 

being an issue that has been in the limelight for decades. Tuström and Wang (2019) calls that ethnic 

residential segregation in Gothenburg, Stockholm, and Malmö is among the most extreme in Europe. 

These high rates of segregation were caused by a myriad of determinants, including policy, global 

politics, but also spatial configuration. Thörn and Thörn (2019) particularly note Million Program, a 

public housing program in the 1960s-70s that constructed roughly a million dwellings in a ten-year 

period, being an initial driver for this segregation. Most of these dwellings were public housing, 

though were privatised and subject to marketisation after the 1990s, leading to exacerbating housing 

prices in these areas. Legeby (2015) particularly notes that living in these neighbourhoods hinder 

opportunities for employment, education, and social mobility, which is re inforced by spatial 

segregation. Tackling these issues is very much in-line with the ambitions of Göteborgs Stad, as they 

state to renovate 5 Million Program suburbs before 2025, ensuring it will not have any high-risk areas 

remaining on the policy list by 2025 (Framtiden, 2020). This attention given by Göteborgs Stad 

explained their high prioritisation and difference from other actors. 

Furthermore, the volatile valuation by the larger municipal actor and academics hints a 

correspondence with the narrative impact of the topic, as discussed in section 5.1.2.5. Furthermore, 

it could be supported by an issue discussed in the focus group, as respondents addressed the issue of 

voluntary segregation, which might be the case for smaller municipalities . Though relatively 

underrepresented in existing literature, voluntary segregation has been noted by Barros et al. (2017) 

to drive decision-making. Communities dominated by homogenous low density and high value 

housing could drive areas to be spatially configurated according to levels of income, thereby resulting 

in socio-economic discrepancies in segregation and accessibility.  How this relates to secondary 

settlements that could further spatial segregation across communities is not visualised, however, as 

priority values differ quite a lot between Göteborgs Stad and smaller municipalities.  

 The undervaluation by Göteborgs Stad of tenure mix is notable as well. As Hansson (2017) asserts 

that Swedish metropolitan areas are facing a considerable housing shortage, ensuring a variety of 

accommodations and tenures would seem to be highly pressing for Göteborgs Stad. Since spatial 

segregation was considered significantly higher by the larger municipal actor, one would expect that 

tenure mix would also be prioritised, as a lack of variety in accommodation would worsen residential 

segregation. Though the established deviations of Göteborgs Stad could be a focal point for further 

research to explain a specific phenomenon, it is a considerable discrepancy from actors in  other 

spatial scales. 

5.3. Points for Future Research 

Though the results from both the focus group and the survey establish a considerable foundation for 

phenomena, though require considerable supporting data to be fully acknowledged or understood. A 

major topic discussed in this section is the noted complexity, high overall priority, and growing 

valuation of importance along spatial scales of biodiversity. Though it provides the clearest spatial 

discrepancy presented in this study, a lack of secondary sources causes any definite conclusions to 

be omitted. Future studies could focus on supporting qualitative data to explain the low priority of 

biodiversity by local planners. Likewise, qualitative data is missing to support another major finding 

of the larger municipal actor Göteborgs Stad to be outlying in valuating spatial segregation and 

variety of accommodation. The pressing topic of housing shortages in major cities allows this finding 

to be considerably important, though not well understood, which creates the opportunity for further 

inquiry. Other contributions of qualitative data could elaborate on the spatial implications of active 

transport, as well as local perceptions of public transport networks and inter -urban employment. 

Likewise, the spatial integration of waste management, urban green, and watershed management were 

partially problematised but without information to back up statements.  Supporting research, 

including qualitative information from actors and a systematic review on the topics within 



49 

 

comprehensive planning could complement these initial findings. 

The low consistency ratios and relatively high response rates illustrate that the results presented in 

this study are relatively valid. However, there are hardly any multi-actor-multi-criteria analyses done 

with similar actors and topics, which causes the inability to corroborate data with previous studies. 

There are various ways to complement findings with additional research. For instance, the same 

topics could be used to perform a comparison between similar actors but in a different geographical 

area. The case of Västra Götaland could further be extended to other areas in Sweden. Similarly, the 

geographical scale could be broadened to international actors. A broadening of actors would allow 

for more participatory valuation of indicators, by using public actors or citizens to provide lay 

knowledge to either value topics or to establish topics to be included (Magee et al., 2012). This 

bottom-up approach also allows for other actors influencing the urban planning discipline to be 

included in decision-making process, e.g., by including priority values of private, political, and public 

actors. This would allow for opportunities to visualise urban planning as a complex system, which 

could complement the system of topics and effects in section 2.3 (Bai et al., 2010; Hersperger et al., 

2018). Furthermore, other disciplines closely connected to urban planning could complement data to 

illustrate other discrepancies between, e.g., architects, landscape architects, engineers, and urban 

designers. Lastly, each topic could be complexified to desired detailed extent. As mentioned, 

indicator frameworks for singular topics, like quality of urban green spaces, could be used for similar 

multi-actor comparison. This could allow for more detailed spatial data, when applied to singular 

topics, by analysing a linear regression between size of a municipality and priority vectors. The 

multitude of possibilities to complement, specify, or broaden the research topic illustrates  how 

complex the issue of interdisciplinary urban planning is, which allows further research to be pivotal 

to sound decision-making.  

6. Conclusion 

This thesis established which topics are important to holistically appraise densification projects and 

to identify discrepancies in actors’ priorities to establish hindrances in interspatial and 

interdisciplinary collaboration. As the most constructive result, the indicator framework illustrated 

in table 11 provides a considerably relevant overview of topics that align with the demonstrated 

effects of densification and the conditions of realising accessibility and planned sustainability. The 

framework provides a holistic overview of topics validated by a considerable variety of sources, as 

well as expert opinion from the focus group. In its comprehensiveness, it can foster the ability to 

contextualise efforts to operationalising targets sustainable development goal 11. Though stated by 

focus group participants to be mostly understandable and measurable, not all of them are currently 

used in practice. This illustrates the urgency for specified indicator frameworks to incorporate some 

of the underutilised indicators. 

Direct alterations to density are to be observed as a foundation to determine the success of a project, 

though the nuances of a project’s effects are to be understood more in -depth to effectively appraise 

its favourability. Mixed land use is essential to neutralise the multilateral and potentially negative 

externalities of densification and should therefore be a staple for opted indicator frameworks. 

Transport networks should be observed as systemic networks rather than unilateral metrics of access 

points to fully illustrate their potential in realising accessibility. Furthermore, urban services are 

shown to be valued according to the utility they provide. Particularly, childcare is valued highly by 

practitioners and academics, illustrating the need to include it in indicator frameworks, although it is 

currently infrequently used. Similarly, waste management should be considered as a topic to include 

in appraisal, whereas it is rarely used in practice. Low priorities imposed on retail services illustrates 

that it is less of a focal point in urban planning. The equal valuation recreation and socio -cultural 

services points that they could either be combined into an overarching topic when appraising 

densification projects, though it could also illustrate a knowledge gap of socio -cultural utility. 

Similarly, the importance of urban green is not to be understated, as  well as the high importance to 

include social factors in planning processes, though both are complex issues that are to be understood 

better to be included in evaluation of various projects. 

This framework and overall valued imposed on singular topics can be used by practitioners to 
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appraise projects, though it is more constructive to be used as a basis for more contextualised ex -ante 

frameworks. Its broad connotations allow topics to be adapted according to geographical location, 

operational scale, and practical intention. This broad appeal is essential for scalability of the 

utilisation of indicators. The highly quantitative character of indicators hinders full incorporation of 

urban design and social sustainability, illustrating the potential for further  integration. Adaptation of 

more contextualised and detailed indicators also allows it to be more compatible with assessment, 

which is more dependent on ex-post information. Both instances allow actors in urban planning to 

opt strategies that contribute to sustainable development goal 11 ‘Inclusive, safe, resilient, and 

sustainable cities and human settlements’. 

The responses of valuation of topics allow for the identification of some detailed discrepancies 

between actor groups. Overall, there are no striking differences between academics and practitioners, 

other than the dynamics of various types of urban density, modalities contriving public transport, and 

the outlying topic of permeability. Otherwise, it suggests that the gap between academic knowledge 

and practical implementation might not be as large as suggested by previous studies, though findings 

only apply to topics presented in this particular study. One topic that is important to address is the 

role of tacit knowledge involved local decision-making, however. Especially issues that concern the 

individuals, like residential density and childcare, are valued differently by smaller municipalities 

when compared to academics, though these values also differ varyingly between the local scale and 

more global actors in practice. 

A much larger basis for discrepancies is shaped for differences between actors across spatial scales. 

Apart for the aforementioned topics being overrepresented by local actors, smaller municipalities 

also value public transport connectivity, proximity to train stations, and employment considerably 

differently than their larger counterparts. It created the opportunity to inquire further into  inter-urban 

employment and what implications it has in public transport networks, which could be a considerable 

focal point for transit-oriented development. Similarly, regional variability of prioritising active 

transport modalities could hinder interspatial ventures. This is especially important for collaboration 

with national actors, who focus highly on transport and built form, though their undervaluation of 

social aspects poses an equally important barrier to agreement with spatially smaller actors.  

Other discrepancies between actors were established, though require additional qualitative data to 

support the identification of precise phenomena. A striking issue is the difference in valuing spatial 

segregation and variety of accommodation by the larger municipal actor of Göteborgs Stad. Both 

topics receive considerable attention in planning practice and contemporary scientific literature, 

causing the difference in valuation to be a point for further research. Furthermore, environmental 

topics and how they are understood by practitioners should be researched further, as larger municipal 

planners and regional actors value exposure to green considerably lowly, and biodiversity is 

prioritised substantially lower by local actors. Understanding these dispari ties is important, as they 

might indicate that smaller actors require more capacity or support to incorporate these topics in their 

practice. Additionally, further research should focus on extending these findings to see how they 

differ on geographic locations, as currently a lack of comparable data withholds corroboration or 

conflicts in findings. 
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Appendix A. Overview of sources used in indicator 
identification 

Author(s) & 

year of 

publication Title Type of source 

Number 

of 

indicators 

Angel et al., 2021 
Anatomy of density: measurable factors that 

constitute urban density 
Scientific article 14 

Berghauser Pont 
et al., 2019 

Development of urban types based on network 

centrality, built density and their impact on 

pedestrian movement 

Scientific article 2 

Bhada & 
Hoornweg, 2009 

The Global City Indicators Program: A More 

Credible Voice for Cities 

Intergovernmental 

report 
113 

Boesch & de 
Montmollin, 
2020 

Indicators for Assessing the Sustainability of 

Cities 
Book chapter 35 

Cabrera et al. 
2017 

Assessing Sustainable Urban Densification Using 

Geographic Information Systems 
Scientific article 20 

Carli et al., 2018  
Multi-criteria decision-making for sustainable 

metropolitan cities assessment 
Scientific article 36 

Cheng and 
Cheng, 2015 

Perceived accessibility, mobility, and 

connectivity of public transportation systems 
Scientific article 5 

Chowdhury et al., 
2014 

Measuring Public-Transport Network 

Connectivity Using Google Transit with 

Comparison across Cities 

Scientific article 4 

Clifton et al., 
2016 

Representing pedestrian activity in travel demand 

models: Framework and application 
Scientific article 7 

Curtis & 
Scheurer, 2010 

Planning for sustainable accessibility: 

Developing tools to aid discussion and decision-

making 

Scientific article 11 

Delbosc & Currie, 
2011 

Using Lorenz curves to assess public transport 

equity 
Scientific article 1 

Dill, 2004 
Measuring Network Connectivity for Bicycling 

and Walking 
Scientific article 10 

EU, 2019 
Urban mobility indicators for walking and public 

transport 

Intergovernmental 

report 
51 

EU, 2020 Low carbon urban accessibility 
Intergovernmental 

report 
25 

Ewing & Handy, 
2009 

Measuring the Unmeasurable: Urban Design 

Qualities Related to Walkability 
Scientific article 28 

Frank et al., 2007 

Many Pathways from Land Use to Health: 

Associations between Neighborhood Walkability 

and Active Transportation, Body Mass Index, and 

Air Quality 

Scientific article 15 

Garau & Pavan, 
2018 

Evaluating Urban Quality: Indicators and 

Assessment Tools for Smart Sustainable Cities 
Scientific article 38 

Hartanto, 2017 

Developing a bikeability index to enable the 

assessment of Transit-Oriented Development 

(TOD) nodes 

Dissertation 18 

Hillier & Lida, 
2005 

Network and Psychological Effects in Urban 

Movement 
Scientific article 2 

Hillier, 2012 

Studying Cities to Learn about Minds: Some 

Possible Implications of Space Syntax for Spatial 

Cognition 

Scientific article 2 

Hsu et al., 2017 
Measuring inequality in physician distributions 

using spatially adjusted Gini coefficients 
Scientific article 1 

Institut national 
Indicateurs géographiques de l'environnement 

bâti et de l'environnement des services influant 

Governmental 

report 
45 
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de santë 
publique de 
québec, 2009 

sur l'activité physique, l'alimentation et le poids 
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Appendix B. Matrices of Consolidated Data Pairwise 
Comparison 
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UGS   1    1.116    2.491    2.107    0.922  

CR = 

0.5% 

Green exp   0.896    1    1.597    2.024    0.803  

Watershed   0.401    0.626    1    0.960    0.523  

Perm.   0.475    0.494    1.041    1    0.584  

Biodiversity   1.084    1.246    1.911    1.712    1  
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Eq PT   1    1.149    0.960    1.029    0.860    0.803  

CR = 

0.4%  

Eq service   0.871    1    1.196    1.320    0.871    1.000  

Eq UGS   1.041    0.836    1    1.149    0.933    1.041  

Inclusivity   0.972    0.758    0.871    1    0.922    0.749  

Tenure mix   1.162    1.149    1.072    1.084    1    0.836  

Segregation   1.246    1.000    0.960    1.335    1.196    1  
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Built Form   1    0.933    0.836    0.988    0.584  

CR = 

0.7%  

Transport   1.072    1    1.116    1.072    0.944  

Access Services   1.196    0.896    1    0.907    1.041  

Green   1.012    0.933    1.103    1    0.907  

Social   1.712    1.059    0.960    1.103    1  

B.F. Total Aggregate Responses 
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L
an

d
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se
 

m
ix

 

 

Built density   1    0.882    0.652  
CR = 

0.4%  
Residential density   1.133    1    0.898  

Land use mix   1.533    1.114    1  
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co
n

n
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t 

B
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e 

co
n

n
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Bus station prox.   1    1.032    0.755    0.904    0.771  

CR = 

0.3%  

Train station prox.   0.969    1    0.657    0.745    0.773  

PT connect   1.325    1.523    1    1.020    1.023  

Pedest. connect   1.107    1.342    0.981    1    1.214  

Bike connect   1.298    1.294    0.978    0.824    1  
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W
as

te
 

m
an
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en
t  

Childcare 1 1.335 1.504 1.075 1.782 1.087 1.372 1.317 1.325 

CR = 

0.2%  

Education 0.749 1 1.157 1.176 1.520 1.000 1.227 1.276 1.132 

Healthcare 0.665 0.864 1 0.744 1.218 0.807 0.802 0.987 0.981 

Employment 0.930 0.851 1.343 1 1.558 0.895 1.087 1.137 1.174 

Retail 0.561 0.658 0.821 0.642 1 0.464 0.601 0.638 0.808 

Food retail 0.920 1.000 1.240 1.118 2.157 1 1.147 1.234 1.171 

Recreation 0.729 0.815 1.246 0.920 1.663 0.872 1 1.099 1.061 

Public socio-cultural 

spaces 
0.759 0.783 1.013 0.880 1.566 0.810 0.910 1 0.928 

Waste management 0.755 0.884 1.019 0.852 1.237 0.854 0.943 1.078 1 
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UGS   1    1.541    1.671    1.291    0.909  

CR = 

0.2%  

Green exp   0.649    1    1.142    1.119    0.779  

Watershed   0.598    0.876    1    0.898    0.672  

Perm.   0.775    0.894    1.114    1    0.763  

Biodiversity   1.100    1.284    1.487    1.311    1  



75 

 

 

 

E
q

 P
T

 

E
q

 s
er

v
ic

e 

E
q

 U
G

S
 

In
cl

u
si

v
it

y
 

T
en

u
re

 m
ix

 

S
eg

re
g

at
io

n
 

 

Eq PT   1    1.132    1.226    1.022    0.811    0.900  

CR = 

0.3%  

Eq service   0.884    1    1.175    1.207    0.866    0.969  

Eq UGS   0.815    0.851    1    1.017    0.917    0.935  

Inclusivity   0.978    0.828    0.984    1    0.905    0.897  

Tenure mix   1.233    1.154    1.090    1.105    1    0.948  

Segregation   1.112    1.032    1.069    1.114    1.055    1  
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Built Form   1    0.956    1.059    0.942    0.861  

CR = 

0.1%  

Transport   1.046    1    1.125    1.079    1.043  

Access Services   0.944    0.889    1    1.016    0.945  

Green   1.062    0.927    0.984    1    0.978  

Social   1.161    0.959    1.058    1.022    1  

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


