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ABSTRACT

In many countries, there is a movement away from ‘car-centred’ policies and a stronger interest in developing healthy, equitable, and sustainable
transport systems that enhance liveability. However, the translation of these new priorities into convincing ‘economic cases’ for funding agencies
requires changes in appraisal methods. This paper reviews the state of the art in the appraisal of nine impacts of transport related to liveability: trip
quality, time use in transport, place quality, time use in places, personal security, visual blight, community severance, equity/social inclusion, and
health/wellbeing. We look at whether and how these impacts are currently appraised in practice and propose alternative methods based on a review
of the literature and our suggestions. We found that there are robust methods to measure and monetise some of the impacts, but those methods tend
to be integrated in national guidelines and are not always suitable at the city or regional level. Research on stated and revealed preferences methods
has moved fast but application faces issues of complexity, transferability, and double counting. It is still difficult to monetise impacts such as time
use in transport and visual blight without further methodological developments.

1. Introduction

Expectations of what transport systems should deliver have evolved over the years. As car ownership and use grew in the 1960s/
70s, governments focused on providing for car-based mobility, by investing on road and car parking infrastructure. When congestion
and the social and environmental problems of car use emerged, there was an increased interest in public transport and non-motorised
modes. In recent years, the priorities of many governments have been to restrain car use (Nieuwenhuijsen and Khreis, 2016) in order
to not only improve conditions for pedestrians and cyclists but also for the use of streets as places. This is achieved by policies such as
restrictions to car movement and parking; road charging; reallocation of road space to pedestrians, cyclists, and street activities; low-
speed or low-emission zones; improvement of the public realm; and even the removal of road infrastructure. This change in policy
priorities is both cause and effect of a slower growth or a decline in the car modal share, especially in urban areas (Halpern et al.,
2018), but it can also be explained by external factors, such as growing public concern about health and wellbeing (WHO, 2015,
WHO and European Commission, 2017) and increased international competitiveness among cities based on high-quality built en-
vironments (Gospodini, 2002, Colomb, 2012, Musterd and Kovacs, 2013).

This change in policy priorities reflects a new transport policy paradigm (Jones, 2014, Newman and Kenworthy, 2015, Buehler
et al., 2017, Jones et al., 2018), where the aim is to develop a healthy, equitable, and sustainable transport system and ultimately to
enhance liveability — a concept that can generally be defined as people’s ability to access opportunities to improve their quality of life
(Appleyard et al., 2014). In the context of the new transport policy paradigm, liveability is specifically related to the idea that the
transport system should provide safe, attractive, and enjoyable environments both when people move around (i.e. impacts on
movement) and when they use public places (impacts on “place”), as well as enhancing the benefits of those environments for all
(impacts on society). This idea is evident in the mobility plans of many cities and regions, especially (but not only) in Western Europe
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(SenStadt, 2011, CRIDF, 2014, City of Vienna, 2014, City of Copenhagen, 2015, Mayor of London, 2018), and is often explicit in
slogans such as “Let’s Fill Streets With Life” (City of Barcelona, 2012) and “More Urban Life for All” (City of Copenhagen, 2013).

To be effective, this shift in transport priorities requires a parallel change in the indicators to judge the success of the different
policies. Indeed, appraisal frameworks that were originally developed to support investment in roads (and which emphasized in-
dicators such as road capacity, average speeds, travel time, and parking provision), have been expanded to include indicators of the
performance of the transport system as a whole and its impacts on the economy (e.g. employment), society (e.g. accidents), and
environment (e.g. noise, air pollution). However, current appraisal frameworks only partially take into account the concerns of a
transport policy focused on liveability. Even when these concerns are included in appraisal, they are seldom quantified and rarely
monetised. As evident in the international reviews of Odgaard et al. (2005) and Mackie and Worsley (2013), national guidance for
transport appraisal is still centred on travel time savings, while research on external costs (CE Delft et al., 2011, Korzhenevych et al.,
2014) has mostly focused on environmental impacts. Social impacts have received much less attention (Geurs et al., 2009). There are
also few appraisal frameworks at the city-level, where national guidance may not be suitable due to the smaller scale of the projects.

There is therefore a gap between what governments want to do and what they can justify to funding agencies, as it is harder to
make an economic case for investing in liveability (i.e. improving both movement and place, while attending to broader social issues)
than simply for facilitating movement. This is because the tendency in transport appraisal has been to move towards monetisation
(Mackie and Worsley, 2013 p. 6). When the assessment of an impact is not quantitative (which is the case for most social impacts), the
process is “largely judgemental and undocumented” (Mackie and Worsley, 2013 p.13) and the impact tends to be disregarded because
its implicit value in cost-benefit analysis “appears to be zero” (Pearce et al., 2006 p.31).

Notwithstanding this general situation, some transport authorities have started to adopt methods to assess how transport enables
liveability. For example, the Mayor of London's new transport strategy is centred on the concept of “Healthy Streets”, a multi-
indicator approach to assess human health and experience in the city (Mayor of London, 2018, TfL, 2017a), and one of the pillars of
the UK Department for Transport’s new strategy for appraisal is the impact on “people and place” (DfT (UK Department for
Transport), 2019). The new manual for transport appraisal in Australia also has a chapter on “urban amenity and liveability” (ATAP,
2018) and the one in Norway has a chapter on “community life and outdoor recreation” (Vegdirektoratet, 2018 Ch.6.5). At the same
time, researchers have developed new methods aligned with the governments' new priorities. Most of these methods derive values
from stated preference surveys (where people choose among hypothetical alternatives) or revealed preferences models (using choices
observed in markets).

This paper reviews the state of the art in practice and research on these new appraisal methods, looking at nine impacts that are
judged to be suitable indicators for assessing the performance of transport policies that provide for liveability.

The selection of these impacts was a 3-step process. In the first step, we identified the liveability impacts of transport policies that
are mentioned in the mobility plans and related official documents of cities around the world where there was a reduction in the car
modal share in recent decades. In the second step, we identified the impacts that are distinctive of this type of cities, based on the
results of interviews and focus groups (documented in Halpern et al., 2018; Cavoli, 2018) with practitioners in two groups of cities,
one including five cities (London, Paris, Berlin, Vienna, and Copenhagen) where the car model share has been decreasing, and
another including five cities (Tallinn, Bucharest, Skopje, Adana, and Amman) where the car modal share is still growing. In the third
step, the list of impacts was refined following discussions in a workshop (organised as part of the EU-funded CREATE project) with
representatives from the transport authorities of the 10 cities mentioned above.

Fig. 1 shows the nine selected impacts. When planning transport for liveability, there is an increased emphasis on aspects of
movement other than travel time, such as trip quality and how people use their time while travelling (CRIDF, 2014 Ch.3.1-3.2; Mayor
of London, 2018 Ch.4; TfL. 2018a, 2018b). It is also recognized that streets have a “place” function and, as such, transport policies
influence the quality of public places (TfL, 2017a; City of Copenhagen, 2009, 2013; SenStadt 2011 Ch.4.4.3) and how people use their
time in those places (City of Copenhagen, 2013). There is also increased concern with how movement and place is related to society,
including aspects such as perceptions of personal security in transport and public places (Mayor of London, 2018 Ch.3), how transport
infrastructure and motorised traffic cause visual blight (SenStadt, 2011 Ch.4.4.3) and act as barriers separating communities (CRIDF,
2014 Ch.3.1), and how transport reinforces inequalities and social exclusion (City of Copenhagen, 2015, SenStadt, 2011 Ch.4.4.3,
City of Vienna, 2014 Ch.3) and affect health and wellbeing (TfL, 2014, 2017a; CRIDF, 2014 Ch.1; City of Vienna, 2014 Ch.3).

MOVEMENT PLACE
e Trip quality * Place quality
* Time use in transport » Time use in places

* Personal security

* Visual blight

* Community severance

* Equity and social inclusion
* Health and welllbeing

SOCIETY

Fig. 1. Nine relevant liveability impacts of transport.
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It should be emphasized that these nine impacts do not exhaust the concept of liveability or any of the three components
(movement, place, and society) in which we organised that concept. Liveability is also related to transport impacts such as air
pollution, noise, and safety (from traffic collisions). However, as previously mentioned, these impacts have already been included in
appraisal frameworks before the new transport policy paradigm became prominent, and as such, they are not distinctive of this
paradigm. In addition, there is already extensive knowledge on methods to assess these impacts (e.g. CE Delft et al., 2011,
Korzhenevych et al., 2014), many of them applied in practice. For these reasons, these impacts are not reviewed in this paper.

The rest of the paper reviews the selected impacts on movement (Section 2), place (Section 3) and society (Section 4) using a
common structure with four headings for each impact. Under the first heading (“What is this impact?”), we define the impact and
explain the theory about its relationship with transport, aspects of liveability, and with the other impacts. We also identify the
policies that have been used to tackle the impact. Under the second heading (“How is this impact assessed”?), we look at whether and
how the impact is currently measured and monetised by practitioners, as described in documents issued by national, regional, or city
governments around the world. Under the third heading (“How could the impact be assessed?”), we propose alternative methods,
some from existing academic and 'grey' literature and others based on our suggestions. The fourth heading (“What are the main
issues”?) discusses the main gaps and theoretical and practical issues of the existing and potential methods. In Section 5, we bring
together the findings of the review of the nine impacts and discuss overall issues.

2. Movement
2.1. Trip quality

What is this impact?

The concept of trip quality usually refers to the subjective experience of all attributes of trips other than cost and travel time.
These attributes differ by travel mode (Table 1).

There is extensive evidence that trip quality affects travel behaviour. For example, the comfort and convenience of public
transport are often identified as possible factors contributing to a modal shift away from car travel (Redman et al., 2013). The quality
of pedestrian and cycling infrastructure and street environment also influences both the propensity for walking and cycling (Saelens
et al., 2003) and route choice (Muraleetharan and Hagiwara, 2007, Guo and Loo, 2013). Aspects of trip quality such as comfort and
the conditions of the indoor environment are also associated with time use in public transport (Zhang and Timmermans, 2010) and
with commuter stress and satisfaction with travel, with consequences on health and wellbeing (Friman et al., 2017). Aspects of trip
quality related to physical accessibility can also become barriers for some individuals to use transport and access destinations,
increasing the probability of social exclusion (Titheridge et al., 2009).

Trip quality has been addressed by improving public transport infrastructure and services and walking, and cycling infrastructure,
often through interventions that reduce the mobility of car users, such as the reallocation of roadspace (Cairns et al., 2002) and car
traffic restrictions (European Commission, 2004).

How is this impact assessed?

Many local governments and public transport operators use indicators of the “level of service” of public transport, using data from
customer surveys (ITF, 2014 Ch.2, Ofia and Ofia, 2015). The assessment of walking and cycling trips often uses street audit tools (Day
et al., 2005, Cain et al., 2012, TRL, 2010) which rely on subjective ratings of multiple attributes, which are then combined into an
overall score. Surveys are also often used to assess perceptions and satisfaction about walking and cycling. The City of Copenhagen
has a more structured process to appraise cycle projects, often using economic evaluation (COWI, 2009).

It is common to use ‘multipliers’ of in-vehicle travel time for assessing crowding in public transport (ITF, 2014 Ch.1). Im-
provements can be converted into reductions of travel time, and then into reductions of the generalised travel cost, and finally used to
estimate change in travel demand and consumer surplus. This is the approach suggested in England by the Department for Transport
(DfT, 2017 Ch.6) for improvements to bus trips. In Sweden, a similar approach is applied to adjust travel time for cyclists and
pedestrians according to the type of infrastructure (segregated or mixed with other users) (Trafikverket, 2018 Ch. 7.6).

Some governments suggest monetising trip quality directly. For example, Transport for London uses an “Ambience Benefits
Calculator”, which involves the assessments of attributes specific to each travel mode, using qualitative scales. These assessments are
then combined with unit monetary values. However, the origin of these values in unclear, both in the calculator and in supporting
documentation (TfL, 2017b Ch.16). The guidance in New South Wales in Australia includes values for attributes of public transport
stations and vehicles, from previous studies based on passengers’ stated preferences and ratings of trip attributes (in comparison with
ratings of travel time) (TfNSW, 2016 A4-10). The guidance in England and Ireland also suggest values for the improvement of

Table 1

Trip attributes by travel mode.
Travel mode Trip attributes
Public transport Facilities at stations/bus stops, information, crowding, comfort, in-vehicle amenities, cleanliness, physical accessibility
Walking Pavement width/condition, legibility, obstructions, street environment, amenities, provision for the mobility-impaired
Cycling Dedicated lanes, route conditions, parking facilities, cycle hire facilities
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pedestrian and cycling infrastructure, from previous stated preference studies, but emphasize that the application of these values is
limited by the fact that they were derived in specific contexts, and suggest using local values whenever possible (DfT, 2017 Ch.6.3.5,
TIL, 2016a p.11).

How could the impact be assessed?

There is an extensive literature estimating the willingness to pay for attributes of public transport trips (see a review in De Gruyter
et al., 2019). These studies could be enhanced by new data from smart-card payment systems (Janosikova et al., 2014) and surveys
implemented in GPS-enabled smartphones (Liotopoulos, 2017), which could provide a richer representation of how the choices of
travellers are affected by the travel experience.

Stated preference methods have also been used to value attributes of cycling trips such as cycle lane design, parking availability,
and lighting (Tilahun et al., 2007, Borjesson and Eliasson, 2012, Poorfakhraei and Rowangould, 2015) but there is less evidence for
walking trips (but see Sheldon et al., 2007; Kelly et al., 2011). Revealed preferences methods could also be used to model walking
route choices (Muraleetharan and Hagiwara, 2007, Guo and Loo, 2013). The estimated detours to avoid certain features of the route
could then be converted into monetary values.

What are the main issues?

Research on public transport service quality has moved fast and produced sophisticated measures that are difficult to apply in
contexts other than large cities (Guirao et al., 2016). Street audit tools are also more suitable to assess present conditions than to
forecast future conditions (but see Anciaes and Jones, 2016). It is also not clear how to forecast and aggregate preferences about trip
quality, as they depend on demographics (Susilo and Abenoza, 2017) and the spatial and temporal context (Becker and Albers, 2016),
which limits the transferability of values. There may also be a 'package effect' in trip quality. Summing individual trip attribute values
may over- or under-estimate the value of the total package.

2.2. Time use in transport

What is this impact?

Travel time has traditionally been regarded as something to be minimized because it has an opportunity cost, i.e. it is time not use
for other activities. However, there is increased recognition that under some circumstances, travel time can also have a positive
utility, because it is regarded as enjoyable or productive (Mokhtarian and Salomon, 2001, Redmond and Mokhtarian, 2001, Lyons
et al., 2007, Jain and Lyons, 2008). Public transport users can now use personal electronic devices for work, entertainment, or
communication while travelling. According to Van Hagen et al. (2009) even waiting time is “becoming fun” because passengers enjoy
advertising and ‘infotainment’ at stations. Pedestrians also use travel time for activities such as window shopping, talking to others,
and use of street furniture (Kim, 2015). Users of all modes use travel time for thinking, enjoying the scenery, relaxing, and social
interaction.

The possibility of using travel time may affect travel behaviour, contributing to a modal shift towards public transport (Malokin
et al., 2019). It also has a positive effect on travel satisfaction, with impacts on wellbeing (Ettema et al., 2012, Rhee et al. 2013). The
opportunity for social interaction in public transport has also been positively associated with wellbeing among the elderly (Green
et al., 2014), and may reduce the probability of social exclusion (Currie and Stanley, 2008).

Improvements in the ability to use travel time use have been achieved by provision of better facilities in public transport stations
and vehicles (e.g. Wi-Fi, sockets) and by policies aimed at general trip quality, mentioned in the previous section.

How is this impact assessed?

The utility of enjoyable or productive travel time is usually not included in transport appraisal. In theory, this utility is reflected in
the estimated values of time (Kouwenhoven and De Jong, 2018). However, there are no robust methods to disentangle this utility
from the opportunity cost of the time spent (Wardman and Lyons, 2016).

How could the impact be assessed?

There is a growing literature using structured observation, on-board questionnaires, and broader time-use surveys to identify the
type and duration of the activities people engaged in while travelling in public transport (see a review in Keseru and Macharis, 2018).
These methods are more difficult to apply in the case of walking and cycling. Using these methods in transport appraisal also requires
going beyond ‘snapshots’ of the current situation and build models to predict how use of travel time responds to trip attributes, an
area with little research (but see Guo et al., 2015).

Methods allowing the monetisation of travel time use are still rare. Several studies estimated the probabilities that travellers found
travel time worthwhile (Rasouli and Timmermans, 2014, Frei et al., 2015) but stopped short of quantifying that worth. However,
Ettema and Verschuren (2007) used stated preference methods to explain the choice between car and public transport based on cost,
travel time, and use of that time. Similar methods could be used to estimate the trade-offs between productive or enjoyable uses of
public transport travel time (using proxies such as the availability of Wi-Fi and sockets) and other trip attributes.

More indirect approaches could include:

e Estimate the impact of travel time uses on choices over number of trips and travel mode and then value the economic, social, and
environmental outcomes.
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Fig. 2. Example of street used as a place.

e Estimate and then value the impacts of travel time use on productivity, learning, social interaction, and wellbeing.

What are the main issues?

Measuring the time and value of each activity is limited by the fact that travellers engage in a wide range of activities, sometimes
simultaneously. It is also difficult to anticipate future possibilities for these activities, given the rapid advances in transport tech-
nology and personal electronic devices.

There are also issues when including this impact in cost-benefit analysis, as it opens the possibility of including travel time with
both positive and negative values in the same framework. It is not clear whether these values are compensatory, i.e. if the benefit of
productive/enjoyable travel time could be subtracted from the opportunity cost of travel time.

Valuing time spent in transport also creates a policy dilemma: if public transport travel time has both a cost and a benefit, while
car travel time only a cost, then there is a higher policy priority for reducing car travel time, unless the potential economic, social, and
environmental benefits of increased public transport demand are also highlighted in the appraisal.

3. Place
3.1. Place quality

What is this impact?

Streets are not only links for movement but also places used by travellers, local residents/workers, and visitors (Fig. 2). Many rail/
metro stations are also used by non-travellers for shopping and leisure. Perceptions about the quality of these places depend on a wide
range of elements, including the built and natural environment, opportunities for activities, perceived safety, wider environmental
conditions (e.g. noise, air pollution), and subjective elements usually described as “sense of place” (Canter, 1977). Perceptions of
place quality tend to be negatively affected by high motorised traffic volumes and speeds (Mullan, 2003, Mahmoudi and Ahmad,
2015).

The quality of public places influences the quantity and quality of the time people spend in them (Gehl, 1971, 2010). There is also
extensive evidence, reviewed in CABE (2001) and Carmona et al. (2010, 2018), of several positive outcomes, both for the users of the
places and for residents in the surrounding areas, including reduced crime and fear of crime (increasing personal security), increased
neighbourhood satisfaction, improved mental health and wellbeing, vitality of local businesses, and community cohesion.

Policies that enhance place quality include the improvement of stations and bus stops, street redesign (including reallocation of
space to pedestrians and street activities) (NACTO, 2016), improvement of the public realm (NYC DoT and Gehl Architects, 2008),
restrictions to car movement and parking (European Commission, 2004), low-speed/pedestrian-friendly zones (Biddulph, 2012) and
in general, policies aiming at reducing motorised traffic volumes and speeds.

How is this impact assessed?

Jones et al. (2007) developed an appraisal framework for street planning and design that balances the characteristics that con-
tribute to the movement and place functions of the street, using a mix of objective measurements and professional and stakeholder
judgement. This framework has been applied in several cities (Austroads, 2016, TfL, 2017c). The quality of public places is also
measured by street audit tools that focus on how people feel in public spaces (Ewing and Clemente, 2013) and by statistics on the
number and diversity of users and activities that take place on those places (Gehl Institute n.d.). Another alternative is public attitude
surveys about perceptions of different elements of places, current levels of satisfaction, and priorities for improvement.

Monetization is less common. Transport for London uses a 'Valuing Urban Realm Toolkit’ (TfL, 2017b Ch. 16.4) to estimate the
value of improvements to public places based on user benefit and forecasts of changes in residential land values and retail rents. Many
cities, such as New York, have also conducted evaluation studies of place quality (NYC DoT, 2012, 2013), but there are fewer
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examples of appraisal studies. In contrast, property developers often use forecasts of footfall, customer expenditure, and property
values to inform plans for public spaces in new developments.

How could the impact be assessed?

Several studies have used stated preference surveys to value the quality of public spaces. Sheldon et al. (2007), ITS and Atkins
(2011), and DEFRA (2013) estimated willingness to pay for improvements in individual components of places (e.g. seating, plants,
litter, graffiti). Other studies have used information on private investment, new businesses, retail sales, and property values/rents to
estimate the value of improvements or differences across a city in the quality of public spaces (CABE Space, 2007, Carmona et al.,
2018) and public areas in rail stations (SDG, 2011, Centre for London, 2017). Stated and revealed preferences have also been used to
value specific elements such as street trees (Giergiczny and Kronenberg, 2014, Donovan and Butry, 2010). Another possibility could
be to estimate the effects of improvements to places on individual outcomes (e.g. wellbeing) and/or social outcomes (e.g. community
cohesion) and then value those outcomes.

What are the main issues?

Place quality is difficult to measure as it depends on how the places are used, by whom, and when, which is difficult to forecast.
Users also have different perceptions about the different elements of places and the activities that occur on them. The overall value of
places may also be bigger than the sum of the individual components that are captured by stated and revealed preference methods.
People might even form an overall perception about a city, not about individual places, and so the best approach might be to value a
portfolio of interventions in several places. It is also difficult to capture the full scope of benefits of places, which have regular and
sporadic users. Current methods also do not capture trade-offs between place quality and local concerns about aspects such as noise,
reduced parking availability, and gentrification.

3.2. Time use in places

What is this impact?

Public spaces used for transport, such as streets and stations, have several uses involving people spending time (for example, for
relaxing, shopping, or social interaction), to which individuals attach value. The number of people spending time in a place, and the
amount of time they spend in that place depends on its location, in relation to the areas where people live and work, and on the
different elements of place quality mentioned in the previous section (Gehl, 1971, 2010). In particular, there is consistent evidence
that motorised traffic negatively affects the level of street activity (Appleyard et al., 1981, Bosselmann et al., 1999, Sauter and
Huettenmoser, 2008).

Time spent in public places for relaxation, social interaction, and physical activity, is associated with a reduced risk of social
exclusion and improved physical and mental health and wellbeing (Cattell et al., 2008, Walton, 2014).

Policies aimed at place quality, mentioned in the previous section, have also been used to enhance the opportunities for people to
spend more time in public places (see for example City of Copenhagen, 2009).

How is this impact assessed?

Most transport appraisal methods in use implicitly assume that the objective of transport policies is to save time and do not value
the time spent on public spaces. However, there is a long history of research on observational methods to record the time people
spend doing different activities in public spaces (Gehl, 1971, Whyte, 1980), something that is routinely assessed by the city of
Copenhagen (City of Copenhagen, 2013) and increasingly in other cities as well (see Gehl and J. Max Bond Center, 2015 in New
York). Property developers are also interested in forecasting the 'dwell time' in the public spaces in planned developments (and the
associated retail expenditure).

How could the impact be assessed?
The economic cost or the market price of goods and services consumed while spending time in a place could be used as a proxy for
the value of that time. This could be for example:

o The per-hour cost of providing services in public places, such as rents of market stalls.

e The per-hour price of facilities enabling certain activities; for example, the price of using park deck chairs and outdoor sports
areas.

o Differences between prices of comparable products; for example, food and drinks from a take-away and from a shop with a seating
area.

Stated preference surveys could also be used to estimate the trade-offs people make between time spent in places and time spent
working (which is associated with extra income) or between time spent in places and the price of goods and services consumed while
spending that time.

Observational methods could also be enhanced by new types of data provided by sensors installed on street furniture (Civic Data
Design Lab and Gehl Institute, 2017), automated interpretation of online street images (Yin et al., 2015) or geotagged posts in social
media (Cheliotis, 2016).
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Fig. 3. Example of personal security issue in alleyway next to a railway line.

What are the main issues?

It is difficult to forecast how much time people will spend in new or improved public spaces because it depends on mobility
patterns; the local political and economic context; perceptions about other groups using the same space; historical, cultural, and
social aspects; and how the spaces are used in the first few weeks after the intervention. The values also depend on the type of
activities, each having a different per-minute value. Measuring and aggregating all these values is a complex task. In addition, the
value is likely to be derived from having the activity (vs. not having), or from its regularity, and cannot simply be reduced to a “value
per minute”.

4. Society
4.1. Personal security

What is this impact?

Personal security is a major concern in many spaces associated with the transport system (Loukaitou-Sideris, 2012; Ceccato et al.,
2013, Stucky et al., 2017). This includes for example public transport vehicles and waiting areas (both in the quiet and very busy
periods), car parks, secluded pedestrian infrastructure (e.g. underpasses and footbridges) and narrow streets alongside major
transport infrastructure (Fig. 3).

Personal security issues are important not only because of the material and human losses related to crime incidents but also
because fear of crime influences perceptions of trip quality and place quality, reduce time spent in places, and is a source of stress
(which in turn influences health and wellbeing). Fear of crime also affects travel behaviour, reducing number of trips and the
propensity to walk or use public transport (Backer-Grgndahl et al., 2009; Loukaitou-Sideris, 2012). Trip suppression then limits the
individual's ability to participate in employment (especially evening/night shifts) and other activities, increasing the risk of social
exclusion (Hine and Mitchell, 2003). There is an equity dimension to these impacts, as some groups are particularly vulnerable to
crime, including women (Loukaitou-Sideris, 2014), older people (Ceccato and Bamzar, 2016), and ethnic minorities (DfT, 2003).
Because of fear of crime, pedestrians may also avoid using underpasses and footbridges and cross roads in unsafe places, increasing
risk of collision (Oviedo-Trespalacios and Scott-Parker, 2017).

Ensuring personal security is a growing concern of transport policy, evident in interventions to improve the design and en-
vironment of streets, stations, bus stops, and pedestrian infrastructure (Lorenc et al., 2013).

How is this impact assessed?

Personal security is usually measured with qualitative scales, as part of safety audits done by governments or public transport
operators. The assessment for pedestrians and cyclists is based on environmental variables (e.g. landscaping, litter, graffiti) and
existence of formal and informal surveillance. The assessment for public transport users is based on the characteristics of stations/bus
stops, and vehicles. This includes lighting and visibility, surveillance, and facilities (e.g. customer alarms, emergency exits). Again,
this type of audits is more useful to assess the current situation than to forecast improvements that could be input in project appraisal.

The effects of transport policies on personal security are seldom monetised. Some transport authorities (e.g. TfL, 2017b) use fixed
unit costs of different types of crime, from national-level studies of the direct and indirect costs of crime. However, those unit costs
need to be combined with case-specific forecasts of the impact of policies on the number of crime incidents. As an alternative,
personal security can be integrated in appraisal as a multiplier of travel time. For example, national guidance in Sweden recommends
a multiplier for the value of women’s walking time in unsafe environments (Trafikverket, 2018 Ch.17.3).

How could the impact be assessed?
There is some literature evaluating the effects of transport-related policy interventions such as improved street lighting (Painter

and Farrington, 2001), video surveillance (Gill and Spriggs, 2005), and “alley gating” (Bowers et al., 2004) on crime reduction and
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then monetizing that reduction using unit values of the cost of crime. Lawson et al. (2018) used some of these results to run
simulations of the cost-benefit performance of different types of interventions.

An alternative is to value improved perceptions about personal security, using stated or revealed preferences methods. For
example, Willis et al. (2005) estimated the value of street lighting using contingent valuation (i.e. a bid game) and Borjesson (2012)
used a choice experiment to estimate the value of safer environments when using and accessing public transport. Hedonic models of
house prices can also measure the value of reduced perceptions of crime (but not necessarily linked to transport issues) (Buonanno
et al., 2013).

Another possibility is to use surveys to forecast the number of people who are currently dissuaded from using public transport
(and do not make the trip at all) due to personal security issues and who would start using it if those issues were solved. The value of
the new trips could then be estimated.

What are the main issues?

It is difficult to anticipate the effect of specific transport policies on the number of crime incidents or the fear of crime. Localised
interventions may also displace crime to other areas. Using estimates from evaluation studies done elsewhere is an imperfect solution
as reviews have shown that the evidence on the links between transport-related interventions and crime reduction is mixed
(Farrington et al., 2007, Lorenc et al., 2013, Sidebottom et al., 2018) and even when evidence is consistent, the size of the effects
varies widely in different sites (Welsh and Farrington, 2008, 2009). In general, it is difficult to disentangle the effects of the im-
provements from the specific conditions of each site. At a conceptual level, monetisation may be regarded as an unsuitable method to
assess personal security in transport, given the multiplicity of potential implications of crime and fear of crime for individuals and
society.

4.2. Visual blight

What is this impact?

Transport infrastructure has a marked impact on the visual environment (which is one of the most defining experiences people
have of the areas where they live or work). Large or elevated roads and railways (Fig. 4) intrude on the visual field of pedestrians and
of people at home and are often perceived as aesthetically unpleasant (Yamada et al., 1987, Jiang et al., 2015). Noise barriers often
aggravate the problem (Arenas, 2008, Jiang and Kang, 2016). The sight of large volumes of cars (especially heavy goods vehicles),
either moving (Jiang and Kang, 2016) or parked (Bayley et al., 2004) has also been reported as a negative element of the local visual
environment.

Visual blight may contribute to perceptions of transport infrastructure as a barrier to movement, increasing community severance
(James et al., 2005 Ch.6) and of the surrounding area as “ugly” or desolate, reducing perceived place quality (Jiang et al., 2015) and
possibly also walking trip quality, time spent in places, and personal security, although there is still little empirical evidence on these
effects. More generally, visual impacts decrease people's enjoyment of their local areas with implications on wellbeing (Kaplan,
2001), neighbourhood satisfaction (Kaplan, 2001, Hamersma et al., 2014), and community cohesion (Mullan, 2003).

The reduction of visual impacts is one of the motivations for projects to improve the public realm on and around major roads (ULI,
2016) and for removing large road infrastructure (Bocarejo et al., 2012).

How is this impact assessed?

Guidance on the visual impact assessment of road projects usually relies on the estimation of viewsheds (the area of land that is
visible from a location), combined with indicators of exposure (e.g. proximity, number of people affected, and duration). However,
this guidance tends to focus on projects in natural areas, not densely populated urban areas (see Highways Agency, 2010), and in
some cases is skewed towards the impacts of the surrounding visual environment on car users, not the impacts of the road itself on

Fig. 4. Example of visual blight caused by elevated road.
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people in the surrounding areas (see US DOT, 2015).

There is also little information on how to include this type of assessments in project appraisal. National guidance in Ireland
suggests a scoring system which is then integrated in a multi-criteria analysis (TII, 2016b Ch.3.1.9). The guidance in England,
Norway, Switzerland, and New Zealand recommend qualitative scales or descriptive assessments only (DfT, 2017 Ch.7,
Vegdirektoratet, 2018 Ch.4, ASTRA, 2018 Ch.4.4SE4, NZTA, 2018 Ch.A8.7/A8.9). There are currently no methods used in practice to
monetise visual impacts. The guidance in Switzerland suggests unit monetary values but these originate from a study of natural areas,
not built-up areas.

How could the impact be assessed?

Research has focused on the impacts of new roads in natural areas and there are few methods for projects to mitigate or remove
the impacts of existing roads (and other transport infrastructure) on pedestrians and non-users in urban areas. However, Jiang et al.
(2015) suggested a method combining GIS mapping with rating surveys. There are also more general visual preference surveys about
the overall local environment (Ewing et al., 2005), which could be enhanced by new eye tracking technologies (Noland et al., 2017).

Even exhaustive studies of environmental impacts did not attempt to monetise visual impacts, as they are “very difficult to
measure and no reliable estimates are available” (CE Delft et al., 2011 p.68). But some studies have used revealed preference methods
to value these impacts as a part of wider set of local environmental attributes. For example, Bateman et al. (2001) found a negative
association between property prices and the impact of roads on viewsheds from the properties. Eliasson et al. (2002) used a stated
preference survey to estimate trade-offs between different types of screening of roads and railways (fences, walls, embankments) and
other impacts such as severance. Another possibility is to quantify and then value the consequences of visual blight on wellbeing or
neighbourhood satisfaction.

What are the main issues?

Visual impacts are particularly difficult to measure and monetise because they depend on personal aesthetics. There are also
problems in transferring values, because the impacts are highly site-specific. It is also possible that the perception of the impact
changes over time, as people adapt to their visual environment.

4.3. Community severance

What is this impact?

Community severance happens when large transport infrastructure (such as motorways and railways), or high motorised traffic
volumes and speeds, are a physical or psychological barrier limiting the mobility of pedestrians and cyclists and separating com-
munities (Fig. 5) (Anciaes et al., 2016, Mindell et al., 2017).

Severance may cause people to suppress walking or cycling trips (Jacobsen et al., 2009), which contributes to lower levels of
physical activity (Jerrett et al., 2010) and accessibility to goods, services, and opportunities (Mindell and Karlsen, 2012). Severance
also reduces the use of streets as social spaces, reducing time spent in places (Appleyard et al., 1981, Bosselmann et al., 1999) and
negatively influencing perceptions of personal security in the areas around the infrastructure (Jacobs, 1961). All these effects then
have potential negative consequences on social exclusion (Sauter and Huettenmoser, 2008) and health and wellbeing (Nimegeer
et al., 2018, Anciaes et al., 2019).

Increased awareness of these consequences has led governments to reduce severance using a range of policies (Future of London,
2018). This includes redesigning road infrastructure (reducing number of lanes, or adding a central reservation), adding or improving
crossing facilities, reducing traffic volumes and speeds and, more radically, removing the infrastructure altogether (Bocarejo et al.,
2012).

Fig. 5. Example of community severance caused by a road.
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How is this impact assessed?

Severance is usually not assessed at all or assessed using qualitative scales (Anciaes et al., 2016). For example, national guidance
for transport appraisal in New Zealand describes several variables to describe the anticipated impacts of policies on walking trips
(NZTA, 2018 Ch. A8.8). In England, this type of information is translated into a 4-point scale (DfT, 2017 Ch.5) and in Switzerland, it
used to be translated into an overall score based on pedestrian detour (ASTRA, 2010 Ch.6U141), although this has been dropped from
recent guidance (ASTRA, 2018). Guidelines in Germany, Italy, and Australia suggest a simple formula to value road-based severance,
multiplying time losses for pedestrians by the unit value of time (BMVI, 2016, MIT, 2008, ATAP, 2018). Similar methods have been
used in the literature for the case of railway-based severance (Chang et al., 2014, Ecoplan and INFRAS, 2014).

How could the impact be assessed?

Anciaes et al. (2018) used a stated preference study to value the reduction of severance due to changes in road design, traffic
volumes and speeds, and crossing facilities. Stated preference methods have also been used to value policies to remove (rather than
reduce) severance, using data from contingent valuation (Grudemo et al., 2002) and choice experiments (Grisolia et al. (2015).
Revealed preference methods have been used to estimate the impact on house prices of projects to bury roads (Kang and Cervero,
2009) and railways (Lee and Sohn, 2014). Other studies estimated associations between house prices and motorised traffic volumes or
number of road lanes (Kawamura and Mahajan, 2005, Li and Saphores, 2012, Eliasson et al., 2002). The cost of severance can also be
estimated by accounting its consequences. For example, Saelensminde (2004) forecast the effects of severance on the number of
suppressed walking trips and then monetised the resulting health and safety impacts and the costs of the associated increases in
motorised trips.

What are the main issues?

Severance might be regarded by some of the affected people as a benefit, not as a cost. For example, transport infrastructure may
define borders separating communities that do not wish to be connected. It is also difficult to estimate the impact of barriers on
walking trip suppression, as this depends on trip purpose, location of trip attractors, and psychological and social aspects. As in the
case of visual blight, it is also likely that the perception of severance changes over time, as people and land uses adapt to the presence
of infrastructure and traffic. There is also little evidence on the cost of “absolute” barriers, such as motorways and railways, which can
only be crossed in a limited number of (grade-separated) crossing facilities, and where safety issues are less relevant than mobility
and psychological aspects.

4.4. Equity and social inclusion

What is this impact?

Traditionally, transport policy was mostly concerned with efficiency issues, but there is an increased interest on equity (Di
Ciommo and Shiftan, 2017). Equity issues arise because the positive and negative impacts of transport policies are not equally
distributed among different groups. For example, there is evidence that low-income households and/or ethnic minorities tend to be
disproportionately exposed to transport noise and air pollution (Carrier et al., 2016, Li et al., 2018). At the same time, groups such as
women, young adults, the elderly, people with disabilities, single parents, carers, low-income households, and ethnic minorities often
face restrictions to travel, due to physical, geographic, time, economic, social, or cultural factors (Uteng and Cresswell, 2008, Rajé,
2017). Those restrictions reduce the ability of these groups to access employment, education, healthcare, and recreation, increasing
their risk of social exclusion (Hine and Mitchell, 2003). This is then related to poor health and wellbeing (Mackett and Thoreau,
2015).

Equity and social inclusion has been addressed through the provision of good-quality and affordable public transport (SEU, 2003)
and of safe and inclusive walking and cycling infrastructure and public spaces, including adequate provision for people with re-
stricted mobility (NACTO, 2016).

How is this impact assessed?

Equity is sometimes implicitly assessed by using ‘equity values’ (i.e. the same values for all individuals affected by an impact) or
weighting impacts by relative income (to mitigate the fact that willingness to pay depends on ability to pay). More often, equity is
addressed simply by disaggregating impacts according to social groups. This information is then analysed in different ways. For
example, the national guidance in England suggests a 7-point scale to assess the distribution of each impact (DfT, 2015) and the one
in France recommends a combination of overall indicators of equity and detailed mapping analysis (CGSP, 2013). However, in urban
mobility plans, equity is not always translated into specific indicators and tends to be given less priority than environmental issues
(Manaugh et al., 2015).

Social inclusion is only partly addressed. Impacts on accessibility and affordability of transport services are included in guidelines
in several countries and assessed with qualitative scales (DfT, 2017, Ch7-8, ATAP, 2018). At the city-level, only a few cities conduct
detailed quantitative analyses of equity in accessibility or look at destinations other than jobs (Boisjoly and El-Geneidy, 2017).
Aspects such as social and cultural barriers tend to be addressed in broad descriptive terms. There are also few methods to quantify
gender equality in transport (but see the SKL (2013) guidelines for Swedish local authorities).

How could the impact be assessed?
Weights could go beyond a simple correction of different abilities to pay, and express an explicit social priority towards the
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welfare of some groups. For example, weights could be assigned according to need or vulnerability. However, this sort of “ethical
weights” is likely to be controversial.

Social inclusion could be valued by monetising its wider consequences on poverty, unemployment, tax contributions, and social
security payments. As an alternative, Stanley et al. (2012) suggests a model that estimates the trade-off between income and number
of trips in reducing social exclusion. Ideally, accounting for equity should involve shifting the “object of distribution” from the
number of trips or travel time to accessibility. For example, Nahmias-Biran and Shiftan (2016) suggest a framework based on the
“subjective value of accessibility* and Martens and Di Ciommo (2017) suggest using “equity values of accessibility gains”. There is
also a vast literature mapping and analysing levels of accessibility of different groups (see Grengs, 2015; El-Geneidy et al., 2016
among others) and a few examples of studies using 'logsum' measures to monetize that accessibility (Bills and Walker, 2017).
However, this research has only slowly been integrated into policy (Papa et al., 2016).

What are the main issues?

Equity is a political and ethical issue that is difficult to quantify. The first question is to define the relevant social groups in the
assessment of each impact. There are also competing views regarding the desirable equity goal: equalize benefits and costs, equalize
across groups, provide minimum standards to all, or give higher priority to vulnerable groups? There is also uncertainty regarding
which groups will have the benefits and costs of transport policies. In particular, due to market pressures, current residents may be
replaced by wealthier residents in areas where transport and place quality has improved.

4.5. Health and wellbeing

What is this impact?

There are several pathways linking transport with health and wellbeing. Transport enhances independent mobility, which is a key
component of wellbeing (Delbosc, 2012). Walking and cycling are also physical activities and facilitate social interaction, both
aspects being positively associated with physical and mental health and subjective wellbeing (Avila-Palencia et al., 2018). In contrast,
motorised transport is a major source of traffic-related injuries and has negative environmental impacts, such as noise and air
pollution, which are linked to several health issues (Nicolopoulou-Stamati et al., 2006). Transport also has several impact on stress,
both for travellers (associated with long commutes and congested or overcrowded conditions) (Riiger et al., 2017) and non-travellers
(associated with noise annoyance and other nuisances of living close to busy roads) (Yang and Matthews, 2010).

All these impacts on health and wellbeing then have consequences on short or long-term absence from work, productivity, health
care costs, and mortality risk. As mentioned in the previous section, poor health and wellbeing is also related to social exclusion
(Mackett and Thoreau, 2015).

The relationships between transport, health, and wellbeing have become a key focus of transport policy and have been often used
as the main rationale for most types of interventions that give priority to non-motorised modes and to the place function of streets in
detriment of car traffic (see for example TfL, 2014, 2017a).

How is this impact assessed?

The valuation of health impacts of transport policies often uses the Health Economic Assessment Tool (WHO, 2017), which
calculates the reduced mortality risk that results from more regular physical activity and reduced road crashes and air pollution. The
result is then multiplied by the unit monetary value of a prevented fatality, which is based on estimates of people's willingness to pay
for policies that reduce their annual risk of dying (OECD, 2012). The valuation of morbidity usually accounts the costs of work
absenteeism, an approach included, for example, in the national guidance in England and Ireland (DfT, 2018, TII, 2016a). Transport
for London also uses a ‘Sickness Absence Reduction Tool’ (TfL, 2015). Alternatives include valuing the financial cost of illness for the
individual or for the public health system or people’s willingness to pay for quality- or disability-adjusted life years (see for example
the Australian guidance (ATAP, 2016 Ch.5.3)). All these methods apply mainly to physical health impacts. The impacts on mental
health and subjective wellbeing are usually not valued.

The value of health impacts associated with exposure to noise and air pollution are usually treated as indicators of the cost of
those two impacts and integrated into the calculation of the environmental cost of transport policies.

How could the impact be assessed?

There is a fast-growing literature on the valuation of the health benefits of active travel (see a review in Brown et al., 2016) but
less evidence on the impacts of transport on mental health and subjective wellbeing. These could be captured using surveys to people
affected by different levels of those impacts. This approach has been used to study the impacts of living close to busy roads (Yamazaki
et al., 2005, Gundersen et al., 2013) and being exposed to roadside noise (Dratva et al., 2010, Oiamo et al., 2015). An alternative
could be to link health impacts with medical costs or with individual outcomes (e.g. employment status) or social outcomes (e.g.
community participation or social cohesion), which could then be valued.

What are the main issues?

Valuation methods tend to rely on many assumptions. This is because it is difficult to build a robust dose-response function that
isolates the links between transport and health/wellbeing and to forecast the impacts of specific interventions. For example, the
benefits of physical activity only apply to regular walking or cycling behaviour by people who are currently not fully active and can
be due to an increase in the number of trips or to an increase in the duration or frequency of existing trips. The benefits also depend
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Table 2
Appraisal of liveability impacts of transport: state of the art.

Already monetised  Could be monetised using existing methods  Difficult to monetise with existing methods

MOVEMENT  Trip quality X
Time use in transport X
PLACE Place quality X
Time use in places X
SOCIETY Visual blight X
Community severance X
Personal security X
Equity and social inclusion X
Health and wellbeing X

on age and local conditions such as air pollution. There are also issues in the integration of health impacts on cost-benefit analyses of

policies that promote walking, as in theory increases in walking time can be accounted simultaneously as a health benefit and as a
travel time cost.

5. Conclusions

Transport policy is moving from a car-centred to a people-centred paradigm, with growing emphasis on improving aspect of
liveability. To be effective, this move requires a parallel change in transport appraisal methods. This paper reviewed the state-of-the-
art in methods to assess nine impacts that are relevant to a transport policy focused on liveability, looking specifically at aspects of
movement and “place” and at impacts on society. As shown in Table 2, five of the impacts examined are already measured and
sometimes monetised by practitioners, although in many cases the methods have been integrated in national guidance, or used by
private companies, and may be difficult to apply by city governments. Another two impacts (community severance and equity/social
inclusion) could be monetised, using existing methods available in the literature. It is still difficult to monetise time use in transport
and visual blight without further methodological developments. In recent years there were relevant advances in stated and revealed
preference models. New types of data could also improve the measurement of the current situation regarding some impacts (e.g. trip
quality, time use in places, visual blight), although it is less clear how they could be used to forecast future impacts or be integrated in
appraisal.

It should be noted that the table is the authors' general assessment of the existing literature and there are nuances in how different
aspects of the nine impacts shown in the table are or could be monetised. For example, the scope for monetising equity depends on
the relevant social groups and equity goals considered in each particular project. In addition, some methods may apply to the
assessment of social inclusion but not of other equity aspects.

The main pitfall in including aspects of liveability in transport appraisal is double counting, because, as mentioned in the review
sections, and synthesized in Fig. 6, there are several relationships between the nine impacts examined in this paper. In particular,

((Si\ 10 " Py ce

persond!
Secur'\[‘l
wsiq
jensip

Health and
wellbeing

SOCIETY

Fig. 6. Relationships between liveability impacts of transport.
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health and wellbeing are related to all other impacts. There are also relationships, not shown in the figure but mentioned in the
review sections, between the nine impacts and other aspects of liveability, such as noise, air pollution, and traffic safety. Disen-
tangling the value of the different impacts could be achieved by determining causality and analysing the mediating, moderating, and
interaction mechanisms underlying the different relationships. For example, the impact on health and wellbeing could be modelled as
a set of pathways, some of them including the other eight impacts. The various relationships between the different impacts could then
be made explicit as a part of the appraisal process, to ensure that decision-makers are aware of them.

A simpler solution would be to assume that some impacts overlap, i.e. they measure the same aspect. In that case, one impact
could be replaced with the other in the assessment, or included as an attribute of the other. For example, time use in transport and
time use in places could be considered as aspects of trip quality and place quality, respectively, and personal security and visual blight
could be considered aspects of both trip quality and place quality.

Even without considering possible double counting, the appraisal of each of the nine individual impacts is also complicated by the
fact they are multidimensional, difficult to describe with single indicators. As a result, their monetisation implies the forecasting of
many variables and using stated or revealed preference methods with many attributes. Impacts are also experienced in different ways
by different people in different areas at different times, as they capture subjective aspects of liveability. As mentioned before, impacts
such as place quality and community severance can be regarded as a benefit by some people and as a cost by others. Benefits in one
neighbourhood may also imply costs in another. This raises political questions regarding the prioritization of different preferences for
each policy. The increased complexity also restricts the transferability of results across different cities or regions, which depends on
the characteristics of the impacts and population affected and on the social and political context.

Governments also need to define the 'correct' spatial and temporal scale over which to aggregate the benefits of transport policies.
Policies such as the improvement of trip quality and place quality generate benefits not only for the local residents but also for people
who only use the transport system and public spaces sporadically. There is also uncertainty in the forecast of future impacts. Age,
socio-economic characteristics, and perceptions change over time, especially regarding subjective impacts such as community se-
verance and the visual blight of infrastructure.

More generally, it is likely that policy concerns keep evolving. The increasing pressures on urban space and the emergence of new
transport modes and technologies, new production and consumption patterns, and new types of data, may lead governments to seek
the joint optimisation of the provision of transport and other goods and services. The relevant impacts for appraisal would then be the
benefits and costs of decisions made in the transport sector for other sectors, and vice-versa. This could include, for example, aspects
such as overall levels and efficiency of resource use, and the time people spend on different activities (in-home and out-of-home).
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