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Measuring transport-associated urban inequalities: Where are 
we and where do we go from here?
Esra Suel, Claude Lynch, Maria Wood, Tom Murat, Gerard Casey and Adam Dennett

Centre for Advanced Spatial Analysis, University College London, London, UK

ABSTRACT  
Reducing urban inequalities is at the forefront of the global 
sustainable development agenda, as well as national and local 
policies. While existing measures of inequality are mostly focused 
on income and wealth, it is widely recognised that non-monetary 
disparities such as in health, education, and housing play a crucial 
role in creating and reinforcing inequalities. Transport plays a 
central role in mitigating inequalities by enhancing access to 
employment, education, and essential services. It is also directly 
and indirectly related to disparities in housing, neighbourhoods, 
and health. Policymakers increasingly recognize the potential of 
transport policies in addressing inequalities; however, the effects of 
interventions need to be understood beyond the transport sector 
only and should consider wider impacts. In this review, we 
concentrate on three interlinked sectors – housing, land-use, and 
transportation – where local governments possess some capacity 
to influence the processes by which inequalities are created and 
exacerbated. Currently, empirical research on inequalities within 
these domains is fragmented. Models and datasets used for 
scenario testing, planning, and intervention evaluation are often 
disjointed, sector-focused, and rarely consider distributional effects. 
Our aim is to critically review the literature across different 
disciplines and perspectives and propose future interdisciplinary 
directions towards better measurement and modelling of 
transport-associated inequalities.
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1. Introduction

Since the 1970s, income and wealth inequality have raised in most countries worldwide 
(Piketty & Saez, 2014). Cities play a pivotal role as arenas for the concentration of these 
inequalities, as well as sites of innovation in fomenting solutions to them, given that 
they are home to 55% of the global population – a figure projected to increase to 68% 
by 2050 (UN, 2022). Despite the fact that urban dwellers, on average, enjoy higher 
incomes, greater access to opportunities for social mobility, and better health compared 
to their rural counterparts (Bloom et al., 2008; Dye, 2008; Young, 2013), urban inequalities 
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persist – often surpassing disparities found elsewhere (OECD, 2016). Within-city disparities 
are on the rise, with 75% of global cities experiencing higher levels of income inequality 
compared to two decades ago (UN Habitat, 2016b). The gap between the rich and the 
poor widened not only in cities of low- and middle-income countries, but also high- 
income countries (OECD, 2016). Reducing inequalities matters not just on a moral level 
but has been shown to matter for everyone – for improving overall health and wellbeing, 
social resilience, educational outcomes and enabling social mobility, and reducing vio
lence (Dorling, 2014, 2019; Wilkinson & Pickett, 2009). Urban equity is a policy priority 
in many cities around the globe and at the forefront of the global sustainable develop
ment agenda, including Sustainable Development Goals and initiatives like Habitat III, 
C40 Cities, United Cities and Local Governments, and WHO Healthy Cities. However, we 
are still far from universal solutions.

While income and wealth inequality shapes other forms of disparities, it is non-monet
ary disparities that further contribute to and exacerbate inequalities. Cities are not only 
divided by income or wealth, but also by allocations of urban resources such as space 
and place, which shapes access to housing, employment, education, healthcare, services, 
and opportunities. Wealthier residents tend to benefit more from urban advantages (e.g. 
easier access to jobs and services, better services, higher quality spaces) and suffer less 
from disadvantages (e.g. higher levels of pollution, congestion, lack of access to green- 
space) relative to their less affluent neighbours (Tonkiss, 2020). This is evident, for 
example, from huge variations in life expectancy between neighbourhoods in the same 
city that are only a few kilometres apart in the UK (Bennett et al., 2015; Bennett et al., 
2018; Yu et al., 2021). Improvements in non-monetary dimensions, in turn, have the 
potential to improve daily lives and wellbeing, and also help reduce the magnitude of 
inequalities in income and wealth (Couture et al., 2019). Inequalities of space and 
access, while less frequently at the fore of the discussion, can play a crucial role in mediat
ing and ameliorating the negative effects of uneven wealth distribution.

It is impossible to think of space and access in urban areas without considering the role 
that transport and transportation infrastructure play. Access to essential services and 
opportunities, such as employment, education, healthcare, and recreational activities, 
are intricately linked to the availability, efficiency, and affordability of transport. Individ
uals with limited means may face challenges affording transportation costs or be 
forced to substitute financial costs for time, potentially restricting their access to job 
opportunities, and further exacerbating their challenges. Those with greater financial 
means have more agency in selecting better-connected residential locations, with the 
more financially disadvantaged facing a reduced range of residential options, further 
pushing up their transport costs. These ideas have been well articulated before in 
terms of spatial mismatch and entrapment theory (Titheridge et al., 2014), which describe 
how social disadvantage and transport disadvantage often intersect.

The relationship between housing and transport adds another layer of complexity, as 
affordable housing tends to be situated in areas with limited neighbourhood amenities 
and restricted access to public transportation (Saberi et al., 2017; Welch, 2013). These 
spatial dynamics impact the mobility and opportunities available to residents, contribut
ing to disparities between those who can afford to live in high-quality homes in well-con
nected areas and those who cannot. Well-connected areas with good transportation links 
tend to attract more resources, businesses, and amenities, with implications for land value 

2 E. SUEL ET AL.



and affordability. This relationship can be observed where, for example, new railway lines 
such as Crossrail (since re-named the Elizabeth Line) in London, UK, led to noticeable 
house-price inflation in areas close to proposed stations along the line (Comber & 
Arribas-Bel, 2017).

Inequalities in health are also reinforced due to transportation decisions and attributes, 
including travel times, access to health care, and opportunities for active travel. Specific 
communities are disproportionately affected by the negative effects of pollution and con
gestion linked to increased mobility needs and transportation infrastructure. Those 
without reliable transport may face barriers to participating in social activities, contribut
ing to social disparities and social exclusion. Such isolation may be exacerbated for vul
nerable groups, such as elderly individuals and people with disabilities. The creation of 
new transport infrastructure in and through areas inhabited by specific communities, 
while often helping to reduce inequalities through increasing accessibility for margina
lised groups (Breau et al., 2023), can also actively create and reinforce inequalities 
where the infrastructure is not targeted at these communities, such as the creation of 
US Highways which split communities along racial lines (Church et al., 2000; DiMento & 
Ellis, 2012; Geurs & van Eck, 2001; Van Wee & Geurs, 2011).

Transport, therefore, is an integral part of efforts towards achieving more equitable 
cities. However, measuring and tracking transport-related inequalities is challenging. It 
requires frameworks that consider multiple dimensions simultaneously to capture the 
complex relationship between transport and other factors. Figure 1 illustrates the concep
tual framework guiding our review, outlining the interconnected dimensions within three 
key areas: housing, neighbourhoods, and transport. These dimensions contribute to 
inequalities across multiple urban domains (in red) such as health, education, and 
social mobility. Drivers of change (in blue) within cities can either mitigate or exacerbate 

Figure 1. Conceptual framework for our review. It lays out the various dimensions within each of the 
interlinked areas under consideration: housing (depicted in green), neighbourhoods (depicted in 
yellow), and mobility (depicted in orange). The figure also represents the diverse range of drivers 
of change in cities (depicted in blue) that influence the reduction or exacerbation of inequalities 
across various urban domains (depicted in red).
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these inequalities such as technological advancements, policy interventions, population 
growth, infrastructure investments, system shocks, and shifts in behaviour.

In this review, our first objective is to critically review empirical research on transport 
disparities. We focus on two main areas: disparities in accessibility levels and observed 
variations in individual mobility among different socioeconomic groups (Banister, 
2018). Second, we review the literature on housing and health disparities from the per
spective of their links to transport decisions, critically evaluating their potential contri
bution to the development of multidimensional metrics. Third, we review existing 
relevant datasets and identify data gaps that must be addressed to support the develop
ment of improved multidimensional measures for transport-related inequalities. Finally, 
we review modelling and forecasting frameworks utilised to assess the effects of transport 
investments and interventions, focusing on the extent to which inequality impacts are 
considered.

Our goal is to propose a new research agenda aimed at measurement, tracking, and 
modelling approaches capable of capturing interlinkages and complexities between 
transportation and other non-monetary dimensions of urban inequality. While local gov
ernment and planning agencies may not have the tools and capacity to directly influence 
income and wealth inequalities, they do possess more power over the transport, land-use, 
and housing sectors and the processes through which inequalities in these domains are 
created and intensified (United Cities and Local Governments, 2012). This, in turn, has the 
potential to help address inequalities in wealth, income, and health.

2. Measurement of inequalities using measures of transport accessibility

The primary focus of transport inequalities research is on the measurement of levels of 
accessibility and its distribution over space and across different population groups (C. 
Bhat et al., 2000; Bills & Walker, 2017; Carleton & Porter, 2018; Di Ciommo & Shiftan, 
2017; Geurs & van Eck, 2001; Hickman et al., 2019; LaMondia et al., 2010; Litman, 1997; 
Lucas et al., 2016; Lucas et al., 2019; Martens, 2012; Nahmias-Biran et al., 2017; Neutens 
et al., 2010; Pereira et al., 2017; Pritchard et al., 2019; Talen & Anselin, 1998; Van Wee & 
Geurs, 2011). While it is widely accepted that transport systems can help reduce inequal
ities by enhancing physical accessibility, defining and measuring “accessibility” is challen
ging (Gould, 1969). From a theoretical perspective, accessibility involves four main 
components (Geurs & Van Wee, 2004): land-use (locations of activities and their attributes 
– e.g. residential and commercial), transport (with travel time, cost, comfort and effort 
characteristics), temporal constraints and dynamics (availability of activities at different 
times of day, temporal constraints of individuals), and individual or collective needs, pre
ferences, abilities, and opportunities. These are also captured in our conceptual frame
work as part of “locational (neighbourhood) characteristics’ and “mobility 
characteristics’ in Figure 1.

Empirical measures of accessibility, which are also used in health research (Litman, 
1997), often do not capture all these components jointly due to data constraints and 
the respective siloed nature of their use cases. As a result, multiple accessibility metrics 
are developed separately (Geurs & van Eck, 2001; Geurs & Van Wee, 2004; Van Wee & 
Geurs, 2011). Infrastructure-based metrics focus on access to the transport system as 
measured by metrics such as the distance to public transport stops and incorporate 
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attributes of the transport system including travel times, travel costs, connectivity of the 
network, off-peak and peak service levels, reliability, speed (Linneker & Spence, 1992). 
Location-based metrics focus on available opportunities that can be accessed (e.g. jobs, 
food stores, hospitals, schools, restaurants) within a time or distance threshold (Geurs & 
van Eck, 2001; Geurs & Van Wee, 2004; S. L. Handy & Niemeier, 1997; Hansen, 1959; 
Wilson, 1971), yet rarely incorporate individual needs or quality of available opportunities. 
Person-based metrics add in the focus on individual accessibility subject to individual 
spatio-temporal constraints and schedules incorporating ideas from time–space geogra
phy (Ilägcrstrand, 1970; Kwan, 1998; Lucas et al., 2019; H. J. Miller, 1991). Utility-based 
measures introduce an additional focus on the benefits individuals (with varying charac
teristics and preferences) might gain from access to spatially distributed opportunities. 
These measures quantify benefits in monetary terms using discrete choice methods (M. 
Ben-Akiva & Lerman, 1979; M. E. Ben-Akiva & Lerman, 1985; Bills & Walker, 2017; Dixit & 
Sivakumar, 2020; Niemeier, 1997; Sweet, 1997) and are sometimes used for evaluating 
proposed policy and investments (e.g. cost–benefit analyses), but are rarely used to 
track changes over time to evaluate effects of previous interventions (El-Geneidy & Levin
son, 2007).

Utilising these conceptions of accessibility to assess transport inequalities primarily 
emphasises the potential for travel, often disregarding realised or observed mobility pat
terns. While it is possible to incorporate observed original departures or destination arri
vals in location-based metrics of accessibility, data is rarely available (Rodrigue, 2020). This 
is a significant shortcoming, as they can overlook factors that have substantial impacts on 
lived mobility-related disparities and active utilisation due to constraints on things like 
time, employment, resources, income, and other social or cultural factors that may limit 
participation. Such dynamics are not captured by accessibility measures as they 
exclude individual utilisation of transport infrastructure.

3. Measurement of inequalities using observed mobility patterns

An alternative approach to studying transport inequalities focuses on observed mobility 
patterns. Urban populations have become more mobile on average over time with the 
increasing availability, affordability, and efficiency of transport (Banister, 2018). Daily 
travel distances for all modes, including air travel, and car ownership levels have increased 
over the past decades. Variations in observed mobility can be studied and measured 
through attributes capturing transport resources (e.g. car ownership, annual public 
transit tickets), travel behaviour (e.g. trip frequencies, travel distances, speed, and time) 
and related risks (e.g. injuries).

Research has shown that certain vulnerable groups, such as those with low income, the 
elderly, and children, tend to travel less but are disproportionately affected by external
ities resulting from increased aggregate mobility, leading to higher risks of traffic- 
related injuries and elevated exposure to air and noise pollution. Contrary to intuition, 
the wealthy benefit more from public spending on transport in high-income cities, as 
they tend to travel longer distances and predominantly use cars and trains, compared 
to the less affluent who travel less and mostly rely on buses (Banister, 2018; Sustainable 
Development Commission, 2011). These findings suggest that transport infrastructure 
investments hold the potential to worsen existing inequalities in cities.
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The primary limitation of analysing observed mobility trends, however, lies in its 
reliance on observed travel, lacking the ability to capture latent demand – travel 
demand that remains unsatisfied due to constraints on time, budgets, availability, and 
information (e.g. low-income populations being priced out from their preferred modes 
or activities) (Bills et al., 2012; Bills & Walker, 2017). Additionally, travel is a derived 
demand; it is typically not an end objective but a means to satisfying demand for other 
activities such as work, shopping, leisure, etc. (Axhausen & Gärling, 1992; Bhat & Koppel
man, 1999). Reductions in mobility, therefore, do not necessarily indicate worsening 
effects, they may result from people’s increased ability to participate in desired activities 
with less travel facilitated by, for instance, technological innovation (Mokhtarian, 2002; 
Pattabhiraman, 2012) or improved accessibility through better land-use policies (Banister, 
1999; S. Handy et al., 2005). In fact, such reductions are desirable, as a continued increase 
in aggregate mobility is not sustainable (Greene & Wegener, 1997). There is a need to 
measure activity participation separately from mobility to understand if their association 
is changing over time, potentially decoupling unsustainable mobility from activity 
participation.

4. Addressing housing trade-offs in transport disparities research

A significant gap in existing measures used to study transport disparities is the lack of con
sideration for the trade-offs people are forced to make between their residential location 
and neighbourhoods, housing quality and expenses, and the costs and time allocated to 
travel (Grube-Cavers & Patterson, 2015; Revington, 2015). Figure 1 lays out the resulting 
characteristics of individuals resulting from these trade-offs captured within home (dwell
ing) characteristics, locational (neighbourhood) characteristics, and mobility character
istics. The choice of housing and transportation behaviour are closely linked. Housing 
location decisions are influenced by preferences for specific transportation modes and 
desired travel times for various purposes such as commuting, shopping, and other activi
ties. Conversely, the availability of jobs, urban services, and transportation modes near 
one’s residential location will have an impact on mobility behaviours. The extent to 
which these trade-offs result in equity concerns and exacerbate inequalities is of interest, 
yet challenging to measure. Overlooking this, however, has implications for designing 
transport interventions. For example, interventions aimed at reducing inequalities in 
transport accessibility may focus on improving accessibility in areas with poor access 
levels. Improved accessibility of such areas, in turn, will enhance neighbourhood attrac
tiveness, leading to increases in housing prices and potentially displacing the resident 
population due to gentrification dynamics (Yee & Dennett, 2022). Observed improve
ments in accessibility would not fully capture these dynamics and the extent of displace
ment. On the other hand, merely quantifying variations in observed mobility would fail to 
differentiate between induced travel, such as individuals travelling longer distances due 
to high housing costs near job locations, and higher rates of travel among groups choos
ing to reside in suburbs despite being able to afford central homes or traveling for other 
purposes while also being close to jobs and urban amenities. There is a need for research 
and development of measurement tools to allow us to explore if and how trade-offs 
between housing and transport disproportionately affect specific population segments, 
such as those on low-incomes and the elderly.
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Existing research on housing inequalities has predominantly been conducted in separ
ate disciplines often isolated from transport literature. Housing inequalities arise from the 
high cost of housing, supply limitations, differences in the security of tenure and the phys
ical and locational (neighbourhood) attributes of homes (UN Habitat, 2016a). The increase 
in housing prices relative to income (also relative to other goods) over the past 50 years 
(Albouy et al., 2016) has intensified ownership disparities, particularly affecting lower- 
income households and younger populations globally, with specific examples found 
across Europe and the United States (Andrews & Sánchez, 2011; Arundel & Doling, 
2017; Gyourko et al., 2013; Hochstenbach, 2018; Lennartz et al., 2016; Moretti, 2013; 
Van Nieuwerburgh & Weill, 2010; Wind et al., 2017). Housing tenure contributes to 
inequalities by its impact on disposable income (owning a home frequently resulting in 
lower monthly outgoings than renting), wealth accumulation (the value of property 
increasing at much higher rates than wage increases), housing security (where lax regu
lation can leave tenants, particularly in the private rental sector, liable to “no-fault” evic
tions) and quality (with few incentives for landlords to maintain the quality of their 
accommodation) (Dustmann et al., 2022; Murie & Forrest, 1980; Whitehead, 2007). The 
quality of owner-occupied residences tends to be higher as they tend to be better main
tained compared to rental homes (Filandri & Olagnero, 2014; Halket & di Custoza, 2015; 
Souza, 2018; Sternlieb, 1966; Sweeney, 1974; Taggart, 1970). Recent evidence suggests 
that socially rented accommodation in the UK, is more energy efficient and thus 
cheaper to run than housing in the owner-occupied or private rental sector (Buyuklieva 
et al., 2024). Observed increases in housing prices in cities are attributed to predominantly 
increases in land value associated with supply shortages rather than improvements to 
dwelling characteristics and quality (Aladangady et al., 2017; Forrest & Murie, 1989; 
Hamnett, 1992; Wind & Hedman, 2018). Changes in land value are influenced by 
changes in neighbourhood attractiveness including transport investments. This trend 
reinforces persistent patterns of socio-economic segregation (Arundel & Hochstenbach, 
2020; Bischoff et al., 2014; Bischoff & Reardon, 2014; Musterd et al., 2017; Sampson, 
2012; Sampson & Sharkey, 2008). This is alongside the financialization of the sector, 
which has shifted housing into an asset class to be bought, sold and profited from inter
nationally, and a means to prop up ailing national economies, rather than a local human 
right to shelter (Dorling, 2014).

Transportation plays a crucial role in these dynamics, as improved transport accessibil
ity can either exacerbate housing costs in certain neighbourhoods (Comber & Arribas-Bel, 
2017) or mitigate them by enabling access to areas with more affordable housing options 
and higher-quality homes. Current metrics used in quantifying transport inequalities do 
not capture the relationship between housing and transport trade-offs. This highlights 
a gap in the literature and the need for research to develop measurement frameworks 
that can simultaneously consider attributes relating to transport, neighbourhoods, 
housing quality and affordability for a more comprehensive picture of transport-related 
urban inequalities and how they intersect.

5. Linking transport inequalities to health disparities

One of the extensively researched non-monetary dimensions of urban disparities is health 
inequalities. It is widely acknowledged that income and wealth inequality play a 
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significant role in shaping health disparities. There is also consensus that addressing dis
parities in space and access can help mitigate the negative effects of uneven wealth dis
tribution on health inequality. It is therefore a policy objective for many cities around the 
globe to prioritize enhancements in housing and neighbourhood environments to tackle 
health inequalities. Transportation infrastructure and service improvement is seen as a 
facilitator to help tackle health inequalities through its impacts on housing quality and 
affordability, as well as neighbourhood accessibility and environment.

Housing, including dwelling characteristics, costs (Mueller & Tighe, 2007; Tighe, 2010) 
and location (Cummins et al., 2007; R. Davidson et al., 2008; Duncan & Kawachi, 2018; 
A. V. D. Roux, 2016), is a fundamental determinant of health, influencing various health 
outcomes, including infectious and chronic diseases, injuries, and mental health (Ezzati 
et al., 2018; Krieger & Higgins, 2002; World Health Organization, 2018). The physical 
quality of homes – such as size, dampness, heating systems, energy efficiency, ventilation, 
insulation, sanitation, illumination, and structural deficiencies – contributes to health dis
parities by impacting exposure to air and noise pollution, overcrowding, thermal comfort, 
injury risk, and exposure to harmful substances, pollutants, pests, and allergens (Bornehag 
et al., 2001; Braubach, 2007; Dunn & Hayes, 2000; Lejeune et al., 2016; Spengler & Sexton, 
1983). Studies on neighbourhood-level environmental and social characteristics have 
explored their connections to health disparities, exposome, through residential segre
gation, access to educational opportunities, exposure to environmental hazards, and 
crime (Bischoff & Reardon, 2014; Burke, 1993; Firebaugh & Acciai, 2016; Grimes, 1993; 
Malleson et al., 2010; Wild, 2005). Research indicates that exposure to the built and 
natural environment, including buildings, street networks, road infrastructure, vegetation, 
green spaces, pollution, and food environments, influences physical activity, sleep, cardi
ovascular health, mortality, obesity, mental health outcomes, and injury risk (Fong et al., 
2018; Richardson et al., 2013). Social neighbourhood environments, such as economic 
resources, residential segregation, crime rates, social disorder, and collective efficacy, 
are also correlated with levels of obesity, physical activity, mortality, mental health out
comes, and pregnancy outcomes (Arcaya et al., 2016).

Transportation infrastructure influences several of these dimensions. It directly impacts 
housing costs and various locational attributes. It also indirectly influences housing 
quality, as individuals are often forced to make trade-offs which can result in residing 
in substandard housing conditions to gain increased access to jobs and services. More 
direct links between transport and health disparities have also been studied focusing 
on transport effects on air and noise pollution levels (Brauer, 2006; Clark & Stansfeld, 
2007), physical activity (De Nazelle et al., 2011; N. Mueller et al., 2015; Prince et al., 
2022; Ravensbergen et al., 2023), road safety (Bhalla et al., 2014), commute times (Chris
tian, 2012; Milner et al., 2017; Petrov et al., 2018), and access to food and healthcare.

Research on the impact of housing and neighbourhood environments on urban health 
offers a promising framework for examining various aspects of the urban environment 
that are potentially modifiable through transport interventions and assessing their 
broader impacts on urban inequalities. However, two main research gaps need highlight
ing for the purposes of this review. First, only a small fraction of studies consider multiple 
housing and neighbourhood exposures jointly, primarily due to data availability issues. 
This limits our ability to disentangle confounding effects and analyse the independent, 
additive, or multiplicative impacts of co-exposures (Arcaya et al., 2016; Nieuwenhuijsen 
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et al., 2019; Oakes et al., 2015; Rugel & Brauer, 2020). There is a need for comprehensive 
datasets and multidimensional measures encompassing housing, neighbourhoods, and 
transport that can be used jointly and consistently tracked over time (A.-V. D. Roux, 
2001; Macintyre et al., 2002; Meijer et al., 2012; A.-V. D. Roux, 2007). Second, much of 
the existing research on neighbourhoods and health remains cross-sectional, limiting 
our ability to establish causality and evaluate policy interventions. Only a few longitudinal 
studies, natural experiments, and randomised experiments offer insights into questions 
regarding how to effect urban change (Arcaya et al., 2016; Frank et al., 2007; Halonen 
et al., 2015; Halonen et al., 2016; Hirsch et al., 2014; Jokela, 2014a, 2014b; Katz et al., 
2001; Oakes et al., 2015; Sharkey & Sampson, 2010). This limits our capacity to forecast 
the potential effects of transport interventions.

4. Data gaps

Most people are forced to make some trade-offs when choosing where to live, work, shop, 
socialize and how to travel. Their resulting disadvantages and advantages (e.g. short vs. 
long commute, small flat vs. house with garden, high vs low rent, high vs. low pollution) 
will be a function of their constraints and preferences. We would expect everyone to be 
relatively disadvantaged in some dimensions depicted in Figure 1. Even the rich living in a 
city like London who enjoy high-quality homes and high access (R. J. Lee et al., 2017) to 
urban services, for instance, are exposed to high levels of air and noise pollution (Fecht 
et al., 2015). In a sprawling city like Los Angeles, even the most advantaged suffer from 
long travel times (Massunaga & Peltz, 2020). Traditional measures focused on specific 
sectors fall short of capturing the complexity of city life and individual experiences. The 
challenge lies in defining metrics and compiling datasets capable of capturing the com
plexity of outcomes resulting from these trade-offs. Ideally, we would want to measure 
and track individual-level information on housing (e.g. costs, quality, overcrowding), 
neighbourhoods (e.g. accessibility to opportunities, green spaces, pollution, walkability, 
segregation), and mobility (e.g. commute times, travel costs, available modes) as summar
ised in Figure 1. Temporal availability is also key for longitudinal tracking, to allow for the 
evaluation of policy effectiveness and interventions, as well as studying whether specific 
demographic groups are disproportionately disadvantaged by the various drivers of 
change (e.g. technology, population growth, changes in values and preferences, shocks 
to the system like pandemics).

Area-level indices that measure multidimensional deprivation are available in some 
countries, especially in the developed part of the world, including the UK, Canada, and 
New Zealand (Crampton et al., 2020; Pampalon et al., 2009; Smith et al., 2015). They 
provide area estimates of factors such as housing affordability and quality, life expectancy, 
access to green space, and commute times. These metrics use information collected from 
geographical information systems and sensors (e.g. location of parks, transport stations, 
air pollution), individuals living in these areas (e.g. life expectancy, housing costs) 
through surveys (e.g. expenditure surveys), and administrative datasets (e.g. hospital 
records, tax records). They provide area-level estimates for various characteristics of inter
est captured in Figure 1 such as housing quality, costs, and neighbourhood accessibility. 
They are useful for mapping, visualising, and analysing disparities across regions in 
countries and neighbourhoods in cities, particularly when available at a small-area level.
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Area-level data, however, can conceal individual variations within the analysed statisti
cal unit, posing a risk for ecological fallacy. Individuals residing in a neighbourhood with 
high levels of housing quality on average may still experience deprivation at the individ
ual level. A notable example was the Grenfell Tower in London, situated in an affluent 
neighbourhood yet housing residents in deprived conditions. Improvements in a neigh
bourhood may not necessarily reflect overall progress for residents of that neighbour
hood, as people migrate in and out of neighbourhoods and some may be priced out 
or displaced. Improved public transport accessibility might not directly benefit original 
residents, as such investments may lead to pricing out of disadvantaged groups from 
these neighbourhoods. As a result, observed improvements in area-level measures of 
transport accessibility for previously underserved areas may not translate into better con
ditions for the communities residing there. Instead, they might even face worsening cir
cumstances if they are priced out or displaced.

To address these issues with area-level data, one would need to capture individual- 
level variations by using individual-level data. However, collecting individual-level data 
at scale over long periods, especially across multiple dimensions of interest, is much 
more difficult and fraught with challenges relating to the confidentiality of people 
within the data. As a result, such data are rarely available, despite increasing interest in 
capturing multiple domains (Tiznado-Aitken & Farber, 2024). Deprivation measures 
based on individual-level data are rarely available. Even when they are, such as in the 
US and UK (Dhongde & Haveman, 2017; Glassman, 2019), they often rely on single data 
sources like the census with trade-offs made between richness across some dimensions 
of interest, whether space, time or attributes and not all at once. The problem is that rich
ness across all dimensions is often not practically possible, or ethically desirable where too 
much personal information about respondents could be revealed. Census data frequently 
privilege spatial detail and attribute breadth over temporal regularity and attribute depth. 
Detailed information across attribute depth and temporal regularity is frequently col
lected through separate survey instruments (e.g. household travel surveys, housing 
surveys). The main shortcoming is that these lack individual-level information on the mul
tiple dimensions of interest.

One promising research direction is the development of approaches that can utilize 
disparate individual and area-level data sources, enabling the creation of population- 
level measures of urban metrics that can capture multiple interconnected dimensions 
and individual variations over time. Small-area estimation methods have been success
fully applied in epidemiology and public health (Elliott et al., 1992; Elliott & Wartenberg, 
2004; Openshaw, 1984; Piel et al., 2020; Robinson, 2009; Wakefield, 2008) yet are rarely 
used to study transport-related inequalities. The main idea is to conduct spatial analyses 
of individual or aggregate data at the neighbourhood scale (e.g. lowest census geography 
of a few streets or blocks). The assumption is that populations within these small areas will 
be relatively homogenous compared to larger areas, allowing to study of relationships 
between metrics of interest. Methods to combine individual-level data with area level 
data are employed to tackle some of the challenges posed by the ecological fallacy in eco
logical studies (Wakefield, 2008), and to overcome the spatial/temporal/attribute breadth 
and depth trade-offs described above through generating what are effectively multi- 
dimensionally rich synthetic populations. In the context of our review, small-area esti
mation approaches will allow researchers to systematically study how non-monetary 
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resources are distributed among different socioeconomic groups. For instance, area-level 
research has shown disparities in the distribution of green space among racial and econ
omic groups in the US (Casey et al., 2017; Klompmaker et al., 2023). In London, the UK’s 
largest city, public transport accessibility varies unequally across income groups, with 
lower income groups having significantly lower access to public transportation (Nie & 
Suel, 2024). Other area-studies have revealed unequal exposure to air and noise pollution 
among racial and economic groups in numerous cities globally (Hajat et al., 2015). Data 
linkage becomes crucial to make the most of increasingly available datasets that 
capture various characteristics of homes, neighbourhoods, and mobility from a range 
of sources from more traditional surveys to administrative data, from satellite and 
street-imagery to mobile phones. Advances in methods, including Bayesian approaches 
(Lindgren & Rue, 2015) and deep learning (Suel et al., 2021), increasingly allow linkage 
and analysis of large volumes of available data from disparate sources. Table S1 in sup
plementary materials provides information on distinct datasets and individual-level vari
ables commonly found in European and North American cities along with the types of 
data of interest for studying transport-related urban inequalities.

5. Modelling and evaluating distributional effects of interventions

Designing interventions that effectively achieve multi-sector objectives (e.g. reducing 
travel times, meeting housing demand, reduce air and noise pollution) while addressing 
inequalities poses a significant research and policy challenge (Ezzati et al., 2018; 
Giles-Corti et al., 2016; Sallis et al., 2016). Actions taken by the city (such as implementing 
affordable housing policies or investing in transport infrastructure) or by individuals (such 
as relocating further from the city centre to reduce housing costs) can yield multiple posi
tive or negative impacts on inequalities, as well as unintended consequences such as dis
placement. Modelling frameworks that can consider dynamics over time and interactions 
between urban sectors are desirable. Planning Support Systems (PSS), which refer to com
puterised tools designed to support planners in their daily tasks and decision making, have 
been put forward as promising to address these limitations since the late 1980s (Geertman 
& Stillwell, 2004; Harris & Batty, 1993; Vonk et al., 2005). Integrated urban models aim to 
establish comprehensive frameworks and tools for modelling and predicting the 
impacts of policies and technologies (Buytaert et al., 2012; Iacono et al., 2008; 
E. J. Miller, 2018). Spatial interaction models, urban micro-simulation models and agent- 
based models find application in land-use and transport planning, housing and real 
estate markets, crime, and education (Arhami et al., 2013; Axhausen et al., 2016; Axhausen 
& Gärling, 1992; Beevers et al., 2013; Buytaert et al., 2012; Chapin, 1968; Heppenstall et al., 
2011; Iacono et al., 2008; Malleson et al., 2010; Rasouli & Timmermans, 2014).

Spatial interaction models (SIMs) are widely used in simulating aggregate flows 
between spatial zones and supporting decision-making across various domains, including 
transport, retail, housing, land-use, and public health (Haynes & Fotheringham, 1985). 
Originally inspired by principles from physics, SIMs model the flow of people, goods, or 
information between origin and destination zones in relation to their gravitational 
forces, primarily influenced by characteristics of these geographic zones and inversely 
related to their spatial separation (Batty & Mackie, 1972; Fotheringham & O’Kelly, 1989). 
In transportation, they are often used for predicting the impact of new developments 
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and inference for gaining insights into the driving factors behind observed flows of indi
viduals (Batten & Boyce, 1987; Fotheringham & O’Kelly, 1989). State-of-the-art SIMs have 
evolved to incorporate social science theory into their core structures and have embraced 
increasingly advanced representations of origins, destinations, and their separation, fac
toring in aspects like geographic, financial, cultural, economic, and social influences 
(Rowe et al., 2022). The proliferation of GIS and the availability of extensive spatial data
sets and big data sources have enabled SIMs to more effectively capture disaggregated 
patterns, local variations and interdependencies more effectively (Siła-Nowicka & Fother
ingham, 2019). Despite the progress made, several challenges persist in the field of SIMs 
as summarised by the recent review by Rowe et. al. (Rowe et al., 2022). They rarely con
sider the distributional effects of interventions to evaluate how different socio-economic 
groups will be impacted by proposed infrastructures, interventions, and policies. While 
their aggregate nature does pose challenges to study inequalities across individuals, 
the small-area methods proposed above are promising.

Aggregate modelling methods like SIMs, have been criticised for treating geographical 
components as homogeneous entities and tendencies to overpredict demand (Batty, 
2011; Flyvbjerg et al., 2005). This has led to bottom-up modelling approaches operating 
at the level of the individual. These include cellular automata, microsimulation, and agent- 
based models (ABMs) (Heppenstall et al., 2011). ABMs are considered state-of-art and 
increasingly applied in transport, facilitated by the availability of software tools like 
MATSim (W Axhausen et al., 2016). ABMs incorporate individual-level behaviour and 
can simulate complex situations and dynamics where agents interact with each other 
and the urban environment at fine spatial and temporal resolution (Chapin, 1968; 
Rasouli & Timmermans, 2014). Aligned with sectoral priorities in transport, these 
models are primarily employed to assess mean or aggregate outcomes, measuring 
sector-specific performances, such as aggregate travel time savings and jobs available 
within a distance threshold averaged over the city. ABMs can model and predict behav
iour at the individual agent level where agents have socio-economic attributes, and there
fore provide a framework to study distributional effects of interventions across different 
population groups, yet existing literature remains limited (Bills et al., 2012; Bills & Walker, 
2017; Castiglione et al., 2006; De Palma et al., 2007; Dixit & Sivakumar, 2020; Nahmias- 
Biran & Shiftan, 2016). In recent years there has been a trend for these state-of-the-art 
simulation techniques (making use of diverse synthetic populations) to move from acade
mia into practice. Activity-based models (often implemented as an agent-based model) 
have been widely used in the US starting with the seminal CT-RAMP model and there 
are now 10 major cities in the US who use iterations of similar approaches (W. Davidson 
et al., 2010; Vovsha et al., 2004; Vovsha & Bradley, 2006). Similar but distinct methodologi
cal approaches have been developed in Europe, with notable examples in Switzerland 
(Scherr et al., 2020), Germany (Moeckel et al., 2003) and France (Hörl & Balac, 2021). 
Their development is often a joint endeavour across industry and academia, reflecting 
the underlying research still to be done on the behavioural drivers of transport behaviour. 
A key focus of these models in recent developments is understanding the behavioural 
component of choice, the influence of evolving population dynamics and support for 
deeper equity and distributional impacts.

We identify three main limitations that need to be addressed when using existing 
urban modelling frameworks to assess inequalities. First, the accuracy of simulation 
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results is highly reliant on the accuracy of underlying behavioural assumptions. Existing 
models consider socio-economic variables such as income, education, and employment, 
and how they have implications for sector-specific behaviour – e.g. in transport behaviour, 
and housing decisions separately. They rarely consider more complex behaviours and 
variables to capture interactions between multiple sectors and dimensions in Figure 1
(e.g. trade-offs between time and budget constraints, the impact of housing and job 
security on behaviour, the influence of factors such as race, ethnicity, and immigration 
status on choice sets). There is a need to enhance existing frameworks to incorporate 
these dimensions for predictions. Second, uncertainty in predictions is rarely quantified. 
One of the initial motivations behind PSS was to replace top-down and black-box 
models that were used to make city planning decisions, with more transparent support 
tools (D. B. Lee, 1973; D. B. Lee, 1994). However, the increasing complexity of these 
models contradicts this motivation, as it becomes challenging to quantify uncertainties 
within the many sub-parts of these models. They also become more difficult to interpret, 
making it difficult to track and understand the implications of the assumptions underlying 
each of these sub-models either because of the modelling complexity or because of 
closed-source software practices. There is a need to better quantify uncertainties associ
ated with model scenario testing and forecasts. There are also challenges with the ability 
of local regional and state governments to technically manage such models, with often a 
deep reliance on professional (third-party consulting) services and a limited in-house 
ability to own, manage, update and use these models, with the risks that deferring 
such important tasks to third-parties brings (Mazzucato & Collington, 2023). Third, 
while models are utilised in planning, they have not been effectively employed to track 
and evaluate the performance of an implemented policy. There is a need for tools that 
allow the continuous evaluation of policies and their effects, enabling adjustments to 
be made while they are being implemented. Such capability is also crucial from an 
accountability perspective, providing citizens with tools to hold modellers and policy
makers accountable for interventions.

6. Future directions and research needs

In this paper we critically review research concerning transport-related urban inequalities 
from disparate disciplines, focusing not only on transport inequalities but also on housing 
affordability and quality, neighbourhood characteristics, locational attributes, and links to 
health disparities. While academic research tends to be discipline-specific and rarely links 
these inter-related issues together, individuals living their lives must consider these lin
kages. They do so implicitly when making trade-offs in deciding where to live; considering 
the attributes of their dwellings and neighbourhoods at the same time as assessing their 
mobility options. The resulting disparities cannot be adequately understood and 
addressed if we only focus on transportation inequalities. Considering the multidimen
sional nature of transport-related inequalities, we propose two main research directions 
for future research based on gaps identified: 

(1) Measurement and tracking of multidimensional inequalities relating to transport 
through new data collection or bespoke data-linkage and estimation methods. The 
initial goal here should be identifying a set of relevant metrics from an equity 

TRANSPORT REVIEWS 13



standpoint and quantifying disparities across these dimensions. It is crucial to expand 
measurement and tracking capabilities beyond transportation alone, recognising its 
interconnectedness with housing and neighbourhood characteristics. We propose 
the collection of multiple housing, neighbourhood, and transportation metrics from 
individuals – including information on housing (e.g. costs, quality, overcrowding), 
neighbourhoods (e.g. accessibility to opportunities, green spaces, pollution, walkabil
ity, segregation), and mobility (e.g. commute times, travel costs, available modes) as 
summarised in Figure 1. Collected data should have a temporal dimension to allow 
studying change and inequality dynamics over time. Where these data might not 
be routinely collected or accessible, the successful application of small-area esti
mation methods in epidemiology and environmental health (such as more determi
nistic microsimulation methods or alternative probabilistic Bayesian methods) 
offers a promising framework for synthesising data from diverse sources – ranging 
from surveys to GIS-derived area-level measures – generating new dataset which 
enable the study of associations across different dimensions while minimising the 
risk of ecological fallacy. Ongoing assessment is crucial to evaluate the effectiveness 
of cities in their common ambition to reduce disparities while simultaneously addres
sing other pressing challenges, such as attaining net-zero emissions and enhancing 
the health and well-being of their residents.

(2) Development of modelling and scenario testing capabilities that can consider distributional 
effects of interventions. Urban modelling methods like spatial interaction models and 
agent-based models have been successfully applied to scenario testing and evaluation 
of transport interventions. The evaluation metrics, however, often focus on aggregate 
outcomes rather than differences between groups. For instance, assessments often 
would use overall travel time savings without considering how these benefits are dis
tributed among different demographic segments or which groups derive the greatest 
advantage from investments. It’s crucial to measure these impacts to understand if 
transport changes might worsen existing inequalities in society. A second direction 
of future research should therefore focus on bridging this gap by integrating inequality 
evaluation metrics into existing modelling frameworks. This would enrich forecasting 
capabilities by adding in consideration of distributional impacts and facilitate their 
use to evaluate inequality implications of planned transport interventions and policy.

In the title of this article, we pose the question “where are we and where do we go from 
here?” and in reviewing the current state of transport-related inequalities research and 
identifying these two clear deficiencies in data and measurement and in models and scen
arios which need to pay more attention to inequalities and distributional effects and out
comes, both provide a clear signpost to the direction we should head, something which 
presents big opportunities for serious impact to be made beyond the traditional narrow 
focus of traffic and transportation as transportation modelling sits at the centre of urban 
and regional decision-making and socio-economic progress.
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