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Abstract 

Roads can become physical and/or psychological barriers to the movement of pedestrians, an 

impact known as the “barrier effect” or “community severance”. This paper proposes a new 

approach for measuring and valuing the barrier effect of different types of roads and for 

integrating the values into the appraisal of transport projects. This approach was developed 

based on the results of a survey of residents in areas around busy roads in two English cities. 

A series of stated preference exercises elicited preferences regarding crossing roads with 

specified design and traffic characteristics in locations with or without designated crossing 

facilities and making trade-offs with walking time and benefits or costs. The exercises were 

customised to represent different trip purposes (work, shopping, or leisure). Results were 

scaled with those obtained from a revealed preference exercise among some of the same 

participants, who indicated on a map their usual walking routes to locations that required them 

to cross the road. The results of the models of the participants' choices were then used to 

develop an index of the size of the barrier effect caused by the different characteristics of 

roads (number of lanes, presence/width of central reservation (median strip), traffic density, 

and traffic speed) and pedestrian crossing facilities (type, waiting time, and walking time to 

access them). The index was also related with the estimated willingness to pay to reduce the 

barrier effect for existing trips, and with the number of new walking trips that could be 

generated with that reduction. 

1. Introduction 

1.1. State of the art 

Road infrastructure and motorised road traffic often become physical and psychological 

barriers to the movement of pedestrians, a phenomenon known in the literature as the "barrier 
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effect" of roads (Lerväg 1984; Soguel 1995; Russell and Hine 1996; Héran 2011; Anciaes et 

al. 2016a, 2016b; Van Eldijk 2018). In some cases, this happens because of the presence of 

physical structures (such as walls or guard railings) preventing pedestrians from crossing to 

the other side. In other cases, crossing is difficult because of the width of the road or the 

number or speed of vehicles. Pedestrian crossing facilities often aggravate, rather than 

mitigate, the problem, due to their poor design and maintenance or the effort and 

inconvenience of using them (Rankavat and Tiwari, 2016; Räsänen et al. 2007; Tao et al. 

2010). Figure 1 shows examples of barriers caused by roads and traffic (left side) and crossing 

facilities (right side).  

Figure 1: Examples of the barrier effect of roads on pedestrians 

    
    Left: Hereford, UK; Right: Hull, UK.  

 

The barrier effect of roads may lead to a chain of negative direct and indirect impacts on 

individuals and communities (Anciaes et al. 2016a). At a first level, the barriers cause 

detours, delays to walking trips and increase the risk of vehicle-pedestrian collisions (Hine 

1996, Jacobsen et al. 2009, Granié et al. 2014) and the unpleasantness of crossing the road 

due to the exposure to traffic noise and air pollution and feelings of intimidation (James et al. 

2005, Villaveces et al. 2012). These effects then contribute to the separation of communities 

from other communities and potential trip destinations (Handy 2003; James et al. 2005; Héran 

2011; Anciaes et al. 2016a, 2016b; Mindell et al. 2017) and possibly to wider negative 

impacts on levels of physical activity, health, wellbeing, and social cohesion (Mindell and 

Karlsen 2012; Foley et al. 2017; Mindell et al. 2017; Nimegeer et al. 2018; Anciaes et al. 

2019). In particular, there is consistent evidence that roads with high traffic volumes and/or 

speeds reduce levels of social interaction (Appleyard and Lintell 1972; Bosselmann et al. 

1999; Sauter and Huettenmoser 2008). 

The barrier effect is often described in the literature using the concept of "community 

severance". A review of 60 definitions of "barrier effect" and "community severance" 

(Anciaes 2015) found that the two terms are often used interchangeably, although studies 
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looking at "community severance" tend to put more emphasis on the wider impacts on local 

communities. In the current paper we focus on the narrower concept of "barrier effect" of 

roads on the movement of pedestrians and not on its potential wider impacts. 

There are few methods to measure and value the barrier effect of roads and the benefits of 

policy interventions to reduce that effect (Anciaes et al. 2016b). In most countries, the barrier 

effect is either not mentioned in guidance documents for transport appraisal or described in 

broad terms, without suggesting practical methods to quantitatively assess the effect (Anciaes 

et al. 2016b). Guidance documents in a few countries suggest using simple methods such as 

qualitative scales (UK DfT 2017, Ch.5) or indicators based on the extent of pedestrian detour 

(Ecoplan 2010, Ch.6U141) or pedestrian delay (BMVI 2016; MIT 2008; ATAP 2018). In the 

latter case, the effect can be monetised by multiplying the delay by the unit value of time for 

walking trips. However, these methods are based on expert assessments and not on 

information about the preferences of pedestrians. In addition, they do not isolate the cost of 

the barrier effect caused by different characteristics of the roads, traffic, and crossing 

facilities, and do not value the impacts on suppression of walking trips.  

Over the years, researchers have proposed several methods to measure the barrier effect of 

roads, but have focused on partial aspects of the problem and left unanswered questions 

regarding how to use the outputs of those methods in project appraisal. Proposals include 

objective measures of road design and traffic regulations (Baltes and Chu 2002), accessibility 

indicators (Van Eldijk 2018), catchment areas for walking trips (Héran 2011), pedestrian 

crossing behaviour (Russell and Hine 1996), perceptions of safety (Tate 1995), and the size of 

one’s personal neighbourhood (Lassière 1976). A few studies commissioned by transport 

authorities have proposed fairly complex approaches (Clark et al. 1991; Tate 1997; Read and 

Cramphorn 2001), but there is little evidence of these approaches ever being used in practice. 

Recently, researchers have started to estimate the monetary value of reducing the barrier 

effect based on people’s perceived disutility regarding different aspects of the road. In a 

previous paper (Anciaes et al. 2018), we developed a stated preference study to estimate the 

unit value of marginal improvements in road design and traffic conditions for pedestrians 

crossing the road in locations with no crossing facilities, and explored issues such as non-

trading behaviour, reasons for choices, and sensitivity of values to demographic 

characteristics. However, the analysis was based on a simple single stated preference exercise 

that captured only a part of the barrier effect of roads, as it did not consider the presence and 
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type of pedestrian crossing facilities, differences by trip purpose, or the effect on the number 

of walking trips across the road.  

Similar gaps can be identified in other efforts to estimate the value of the barrier effect with 

stated preference techniques. For example, Soguel (1995) and Grisolía et al. (2015) estimated 

willingness to pay for road tunnels that completely remove the barrier effect, but did not 

consider less radical solutions to mitigate, rather than remove, the barrier effect by changing 

the characteristics of roads, traffic, or crossing facilities. Garrod et al. (2002) valued 

improvements to mitigate the barrier effect but framed the trade-off scenarios as a mix of 

causes (e.g. traffic speed) and first-level effects (e.g. time to cross the road and traffic noise), 

which fitted well with the objective of the study (valuing traffic calming policies) but it is 

difficult to translate into a framework for the appraisal of the barrier effect.  

A parallel strand of the literature has used revealed preference methods to link some aspects 

of the barrier effect of roads with outcomes of local property markets. A few studies have 

estimated statistical associations between property prices and single characteristics of roads 

and/or traffic, usually traffic volumes (Kawamura and Mahajan 2005; Li and Saphores 2012; 

Allen et al. 2015). However, those characteristics may be capitalized by markets due to their 

effect on other problems, such as noise and air pollution, and not due to their effect on the 

movement of pedestrians. On the other hand, studies focusing on issues specifically affecting 

pedestrians, such as those relating property prices with traffic calming measures, capture 

market capitalization that is the result of the preferences of both local pedestrians and car 

users. This may explain why these studies have failed to find a positive willingness to pay for 

those measures (see for example Bretherton et al. 2000 and Graham and Jones 2019). 

Notwithstanding the shortcomings of the specific methods detailed above, the use of stated 

preference and revealed preference methods in isolation is also limited by the nature of those 

methods. Stated preference surveys capture choices made in hypothetical settings and so they 

are useful for the assessment of planned improvements to reduce the barrier effect. However, 

the use of hypothetical scenarios limits the validity of the results, as it fails to consider 

people’s behaviour in the real world. In contrast, revealed preference methods have the 

advantage of being based on actual behaviour (or the outcomes of that behaviour). However, 

by relying on specific case studies, these methods do not provide the necessary variation to 

allow predictions of the impact of possible policy interventions on different aspects of the 

problem. The valuation of the barrier effect of roads therefore requires the integration of 
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stated preference and revealed preference methods, combining the advantages of the two 

methods.  

As evident in this review, previous efforts to value the barrier effect of roads have captured 

only partial aspects of the problem, not taking into account that the barrier effect is caused by 

the interplay of three main aspects (road infrastructure, motorised traffic, and crossing 

facilities) and have consequences not only on the utility of existing walking trips but also on 

the number of suppressed trips. In addition, there are methodological issues derived from 

using stated preference and revealed preference methods in isolation and in a simplified way, 

not considering the range of different contexts that influence how barriers affect individuals. 

1.2. Contribution and objectives 

The main contribution of this paper is to address the gaps identified above by developing a 

comprehensive approach to measure and value the barrier effect of roads and of interventions 

to reduce that effect. We propose an index of the barrier effect caused by the different 

characteristics of roads (number of lanes, presence/width of central reservation (median strip), 

traffic density, and traffic speed), and pedestrian crossing facilities (type, waiting time, and 

walking time to access them). The index is then related to monetary values and with the 

number of suppressed trips across the road, i.e. the number of new trips that would be made if 

the barrier effect was reduced. 

The second contribution of the paper is methodological, by using revealed preference to 

ensure that the stated preference results are consistent with real-world walking behaviour. We 

also investigate how the barrier effect is influenced by the context, by customizing the stated 

preference exercises to represent different trip purposes (work, shopping, or leisure), times of 

day (daytime and night-time) and trade-off situations (some involving benefits and other 

costs). 

The paper proceeds as follows. The next section gives an overview of the survey 

questionnaire and describes the case study areas and survey methods. Sections 3 and 4 present 

the design of the stated and revealed preference exercises and the specification and results of 

the models of participants' choices. Section 5 describes the approach to apply the results in the 

appraisal of road projects. Section 6 concludes the paper. 

2. Survey questionnaire, case studies, and sample composition 

The research uses data captured with a newly developed survey questionnaire, described in 

detail in the sections that follow. The main part of this questionnaire comprised a series of 
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three stated preference exercises to elicit preferences regarding crossing roads with specified 

design and traffic characteristics in locations with or without designated crossing facilities, 

based on trade-offs with walking time and personal benefits or costs. This was followed by a 

revealed preference exercise where participants indicated on a map their usual walking route 

for trips across the road for different purposes. Information about the demographic 

characteristics of participants was also collected. 

The questionnaire was applied in the areas surrounding major roads in two English cities: 

the A49 road in Hereford and the A63/Ferensway roads in (Kingston upon) Hull. Hereford is 

a mid-sized city (population=60,415) in the West Midlands, close to the Welsh border. Hull is 

a larger port city (population=284,321) in the Northeast. The case study roads were chosen, 

among other possible roads in other English cities, because they are part of the Highways 

England Strategic Network (and thus play a major role at the national level), but cross through 

the central parts of the two cities. In Hereford, the A49 separates residential areas from the 

main shopping and services areas. In Hull, Ferensway separates residential areas from the 

main shopping and services areas and the A63 separates both from the waterfront leisure 

areas. 

The case study roads have 2 or 3 lanes for motorised traffic in each direction (depending on 

the section), and high traffic volumes and speeds. The A49 in Hereford has a 30mph speed 

limit and traffic volumes varying from around 17,500 to 45,000 vehicles/day, depending on 

the section. The A63 in Hull has a 40mph speed limit and traffic volumes of around 50,000 

vehicles/day. Ferensway has a 30mph limit and traffic volumes varying from around 16,500 

to 21,000 vehicles/day. Crossing the road is not possible in some sections due to the presence 

of guard railings (see an example in Figure 1, left). Only a few sections have a central 

reservation. Most of the existing pedestrian crossing facilities are multiple-step staggered 

signalised crossings (see an example in Figure 1, right), where waiting time is in some cases 

above 2 minutes, or simple “pedestrian refuges”, consisting of coloured tactile pavements on 

both kerbs, and in some cases, also in the central reservation. In some sections, the only 

crossing facility is an underpass or footbridge. In the Hull case study, there are also plans for a 

new high-quality covered footbridge with an innovative design. 

The samples were drawn from the areas within walking distance from the road (defined as 

400m). The Hereford and Hull study areas had 6597 and 7781 adult residents, respectively, at 

the time of the most recent population census (2011). Sampling quotas were imposed to 

achieve a reasonable sex and age balance. Recruitment was done door-to-door. Only one adult 
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participant was recruited from each household. Participants were offered a £10 voucher as an 

incentive to participate. The interviews were conducted face-to-face during December 2017- 

May 2018 in the participants’ homes, using tablet computers. 

The samples consisted of 305 participants in Hereford and 348 in Hull. Table 1 shows the 

main demographic characteristics of the two samples (columns 1 and 5), in comparison with 

the populations from which they were drawn (columns 3 and 6). Column 2 shows the 

characteristics of the subset of the Hereford sample that was used in the revealed preference 

analysis, as explained later in Section 4 of the paper. The samples are well aligned with the 

respective populations, with only a slight underrepresentation of individuals aged 16-34, and 

in Hull, also of men and individuals in 1-person households. The table also includes the 

characteristics of the whole population of Hereford and Hull (columns 4 and 7) and the urban 

population in England (column 8). The population in the Hull case study area has a higher 

proportion of no-car households and 1-person households and a slightly higher proportion of 

individuals with low qualifications than the whole Hull and England populations. 
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Table 1: Sample characteristics in comparison with population of case studies, cities, and urban 

England 

 
Hereford  Hull  

(8) 

Population 

(Urban 

England) 

 
(1) (2) (3) (4)  (5) (6) (7)  

 

Sample Subset of 

sample 

used in RP 

Population 

(case study) 

Population  

(city) 

 Sample Population 

(case study) 

Population 

(city) 

 

Number 305 189 6598 49271  348 7781 256425  35275878 

Sex 
 

         

Male 46% 49% 50% 49%  45% 57% 50%  49% 

Female 54% 51% 50% 51%  55% 43% 50%  51% 

Age           

Age: 16-34 27% 31% 37% 32%  31% 41% 34%  33% 

Age: 15-49 23% 25% 26% 26%  26% 27% 25%  26% 

Age: 50-65 23% 21% 19% 22%  24% 18% 22%  21% 

Age: 65+ 27% 23% 19% 21%  19% 15% 19%  19% 

Qualifications           

Degree or higher 10% 11% 8% 11%  15% 11% 10%  17% 

Other 62% 63% 64% 64%  56% 54% 61%  60% 

None 27% 26% 27% 25%  29% 35% 30%  23% 

Economic activity           

Full-time work 39% 42% 45% 43%  29% 36% 36%  41% 

Part-time work 17% 16% 16% 17%  13% 10% 15%  15% 

Unemployed 4% 4% 5% 4%  15% 13% 6%  4% 

Retired 25% 22% 19% 22%  22% 15% 21%  21% 

Student 1% 2% 6% 6%  1% 8% 9%  9% 

Other 13% 15% 9% 8%  19% 18% 11%  10% 

Other 

characteristics 
 

 
        

No car-household 27% 26% 34% 25%  69% 63% 37%  29% 

1-person household 21% 17% 22% 17%  34% 44% 21%  17% 

Disability or long-

term condition 16% 14% 9% 18%  9% 12% 19%  18% 

Note: Population includes only individuals aged 16 years or more. RP: revealed preference 

 

3. Stated preference exercises  

The stated preference component of the survey consisted of three exercises, synthesized in 

Figure 2 and further elaborated in the following subsections. The scenarios were defined in 

terms of trade-offs between walking time or monetary costs/benefits versus attributes defining 

the causes of the barrier effect (i.e. the characteristics of roads, traffic, and crossing facilities), 

rather than attributes defining its various levels of consequences described in the introduction 

of the paper (e.g. collision risk, unpleasantness of crossing the road, and wider impacts on 

local communities).  
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Figure 2: Stated preference exercises: objective, number of participants, options, attributes, and 

levels 

 

The specific attributes and levels included in the exercises were chosen on the basis of the 

results of 4 focus group discussions and 7 in-depth interviews with individuals living near 

busy roads in England and representing different age and socio-economic groups. The set of 

attributes and levels was then refined with insights from various pilot studies and discussions 

in workshops with researchers and practitioners and in meetings with the national transport 

authority (Highways England) and the local authorities in the two case study areas. The 

attributes provides a good representation of the causes of the barrier effect (i.e. the design and 

traffic characteristics of roads and the type of crossing facilities). Traffic composition (e.g. 

proportion of large vehicles) was not included as an attribute as it was considered by 

participants in focus groups and interviews to be of less relevance than traffic density and 

speed. 

The Ngene software was used to generate efficient designs, i.e. designs that minimize the 

standard errors of the model estimates. Priors were used from a pilot study in two areas near 

busy roads in London (Anciaes and Jones 2018). The design consisted of 12 blocks of 8 

questions. However, as will be mentioned in Subsection 3.1., two extra questions were added 

to the SP1 exercise representing night-time scenarios. 

To ensure that the attributes and levels of the stated preference exercises were well 

understood, before the exercises participants were asked a set of questions about the 

characteristics of the case study road and then shown an illustration (of the same type shown 

in the exercises) of the road as they had described it. The question about speeds included short 

videos of traffic, each one representing the same road and number of vehicles, but with 

vehicles moving at different speeds. Before the crossing facilities exercise (SP3), participants 

were also shown illustrations (of the same type shown in the exercises) and photos (taken in 

the case study road) of crossing facilities. Feedback questions after the exercises revealed that 

SP1
Informal crossing vs. walking time

500 participants
(97 work, 210 shopping, 193 leisure)

 Option A: Informal crossing
Number of lanes (1, 2, 3)
Central reservation (wide, narrow, no)
Traffic density (low, medium, high)
Traffic speed (10,20,30 or 20,30,40 mph)

 Option B: Walk to pedestrian platform
Additional walking time (2, 4, …., 20 mins.)

 Option C: Do not make trip

SP2
Informal crossing vs. benefit/cost

533 participants
(102 work, 233 shopping, 198 leisure)

Version1
 Option A: Informal crossing and benefit

Same attributes/levels as SP1 Option A
Benefit (£0.40, £0.80,…£4)

 Option B: Do not cross

Version2
 Option A: Informal crossing

Same attributes/levels as SP1 Option A

 Option B: Do not cross and cost
Cost (£0.40, £0.80,…£4)

SP3
Formal crossing vs. walking time

653 participants
(116 work, 289 shopping, 248 leisure)

 Options A and B: Formal crossing
Pedestrian refuge
Straight signalised 
Staggered signalised
Footbridge
High-quality footbridge
Underpass

 Option C: Walk to pedestrian platform
Additional walking time (2, 4, …., 20 mins.)

 Option D: Do not make trip
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98%-100% of participants felt able to make comparisons between the options and found the 

scenarios described realistic. 

3.1. SP1: informal crossing vs. walking time 

Design 

The first stated preference exercise estimated trade-offs between walking time and crossing a 

road in a location with no designated crossing facilities, and walking further to use some type 

of crossing facility. Three options were presented in each question (see example in Figure 3):  

 Option A: Cross a road with specified design and traffic characteristics in a location 

with no designated crossing facilities 

 Option B: Walk a specified number of extra minutes in order to cross in a pedestrian 

platform, i.e. a location where the road goes through a tunnel 

 Option C: Do not make the trip 

Figure 3: SP1 - example of question 

 

The attributes of the problem were the additional walking time in Option B (ranging from 2 

to 20 minutes, in increments of 2 minutes) and the characteristics of the road in Option A, i.e. 

the number of lanes for  motorised traffic (1, 2, or 3 in each direction), the existence/width of 

a central reservation (wide, narrow, or none), traffic density (low, medium, or high), and 

traffic speed (10, 20, or 30mph for participants living near road sections where the speed limit 

is 30mph; and 20, 30, or 40mph for those living in road sections where the speed limit is 

40mph). A constraint was applied so that scenarios with high traffic density did not have the 

highest speed value, in order to account for road congestion.  
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The SP1 exercise consisted of ten questions, each one presenting different attribute levels. 

The two last questions showed images with a darkened background, representing night-time 

scenarios.  

The text introducing the exercise was customized so that participants responded in the 

context of a specific purpose for the walking trip. This purpose was assigned based on the 

answers to preliminary questions about the location of places associated with each trip 

purpose and the participants’ usual travel behaviour. Participants who indicated in those 

questions that shops or supermarkets were within walking distance (either on their side or the 

other side of the road) and that they currently go there (by any means of transport) were 

identified as potentially making shopping trips. The same assessment was done for work trips 

(considering workplaces) and leisure trips (considering park/playing fields, community 

centres/leisure centres, pubs/restaurants/cafés, and houses of friends/neighbours/relatives). 

Participants were then randomly allocated to one of their potential trip purposes. 

The exercise was designed to remove non-trading behaviour. This was done by including 

two preliminary choice questions, one showing the worst possible road in Option A and the 

minimum walking time in Option B, and another showing the best possible road in Option A 

and the maximum walking time in Option B. The 2% of participants who chose Option A in 

the first question and the 21% who did not choose Option A in the second question were 

identified as non-traders (i.e. those who would always choose to cross or always choose not to 

cross the road) and did not proceed to the exercise. Among the participants who completed 

the exercise, and across all questions, the frequencies of choices for Options A, B and C were 

27%, 62% and 11% respectively. 

Model 

Choices were modelled using a mixed logit specification (McFadden and Train 2000). The 

utility Uijq for participant i of option j in question q was assumed to depend on a vector of 

observed variables (xijq), a vector βi of coefficients specific to each participant but constant 

across questions, and an error term εijq, independent and identically distributed, following the 

Extreme Value Type 1 distribution. The coefficients βi vary in the population with density 

g(βi|θ), where θ represents the parameters of the distribution.  

                                                                   Uijq= βixijq+ εijq                                                                                                             (1) 

Participant i chooses option j in question q if Uijq>Uikq, with k denoting all other options. It 

can be shown that the probability of that choice, conditional on βi can be expressed in terms of 

a logistic function, as below:  
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                                                        Lijq(βi)=exp(βixijq)/(kexp(βixikq)                                                        (2) 

The unconditional probability is then calculated by integrating the expression above over 

all possible values of βi: 

                                                                                                Pijq=∫Lijq(βi)f(βi)dβi                                                                     (3) 

The probability, conditional on βi, of a given sequence of choices yi made by participant i 

across all questions is as below, where y(i,q) is the option chosen in question q. 

                                                              Li,yi(βi)=∏qLi,y(i,q),q(βi)                                                         (4) 

The unconditional probability for this sequence of choices is finally 

                                                               Pi,yi=∫Li,yi(βi)f(βi)dβi                                                                     (5) 

The population-level parameters θ (mean and standard deviation) can be estimated using 

maximum simulated likelihood. The individual-level coefficients βi can then be derived from 

conditioning the observed sequence of choices yi on the estimated population-level parameters 

(Revelt and Train 2000). Using Bayes’ rule, the conditional density of βi is expressed as 

below, where xi represents xijq for all options j and questions q.  

                                              h(βi |yi, xi, θ)=P(yi | xi, βi) f(βi|θ) / P(yi| xi, θ)                                                (6) 

The conditional mean of βi is then the integral of the conditional density over all values of 

βi (expression 7), which can be approximated by simulation. 

                                                                𝛽𝑖 =∫ βi h(βi |yi, xi, θ) dβi                                                             (7) 

The model was specified as in expression 8 below, where the utility for participant i of an 

option j in a given question depends on: 

 the additional walking time, if the option was Option B (WalkTimej). 

 a dummy variable Aj representing Option A, which measures the utility of crossing the 

best possible road, i.e. a road with 1 lane, wide central reservation, low traffic density, 

and 10mph speed. 

 dummy variables for road conditions in Option A other than the best possible ones: 2 

or 3 lanes (Lanes2j, Lanes3j), narrow or no central reservation (CRnarrowj, CRnoj), 

medium or high traffic density (DensMedj, DensHighj), and 20, 30, or 40mph speed 

(Speed20j, Speed30j, Speed40j).  

 a dummy variable Cj representing Option C. 

 interactions between options A and C and a dummy variable representing dark 

scenarios (AjDarkj, CjDarkj). 
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                    Ui,j = β1*WalkTimej+ β2*Aj+ β3*Lanes2j + β4*Lanes3j+ β5*CRnarrowj + β6*CRnoj+ 

                          + β7*DensMedj+β8*DensHighj+β9*Speed20j+β10*Speed30j+β11*Speed40j + 

                          + β12* Cj+β13*AjDarkj+β14*CjDarkj+εi,j                                                                                                          (8) 

The option implicit in the case when all variables are equal to 0 is Option B (cross in a 

pedestrian platform) during daytime and without any extra walking. All coefficients were 

assumed to be random with normal distributions.  

Two models were estimated. Model 1 uses the whole sample. Model 2 uses data for the 

group of participants in the Hereford case study who stated in a preliminary question that they 

make actual walking trips across the road. This model is used in Subsection 5.3 to compare 

the results of the stated and revealed preference exercises. Data for Option C (Do not make 

the trip) was not included in this model in order for the model to be comparable with the 

revealed preference model, which only includes data on actual trips. 

Results 

Table 2 shows the estimated population-level coefficients of the SP1 model. As an example of 

the interpretation of the coefficients, in the model for the whole sample, an increase of 1 

minute in walking time leads to a decrease of -0.37 in the log-odds of a participant choosing a 

given option. A scenario with a road with 3 lanes, rather than 1 lane, leads to a decrease of -

8.10 in the log-odds. 
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Table 2: SP1 models 

 Model 1  Model 2  

 Whole sample  For RP Comparison  

 

Coefficient z  Coefficient z  

Mean 
 

     

Option A (Cross informally) -   -   

Option C (Do not make trip) -9.67 -18.6 *** N/A   

Walking time (minutes) -0.37 -13.9 *** -0.25 -7.2 *** 

Lanes=2 -3.52 -12.0 *** -1.81 -6.4 *** 

Lanes=3 -8.10 -14.6 *** -5.35 -8.3 *** 

Central reservation=narrow -0.98 -3.2 *** -   

Central reservation=no -2.13 -7.4 *** -0.86 -3.8 *** 

Traffic density=medium -3.61 -11.8 *** -1.60 -5.9 *** 

Traffic density=high -5.43 -14.4 *** -2.13 -6.5 *** 

Speed=20mph -   -   

Speed=30mph -0.47 -2.0 * -   

Speed=40mph -3.05 -4.6 *** N/A   

Option A * Dark -2.11 -7.3 *** -0.77 -2.7 *** 

Option C * Dark 1.09 4.1 *** N/A   

Standard deviation   
 

  
 

Option A (Cross informally) -   -   

Option C (Do not make trip) 2.83 8.5 *** N/A   

Walking time (minutes) 0.31 11.5 *** 0.22 7.6 *** 

Lanes=2 1.87 4.9 *** 1.44 3.8 *** 

Lanes=3 3.65 7.7 *** 3.13 4.9 *** 

Central reservation=narrow 3.47 7.2 ***    

Central reservation=no 2.53 6.6 *** 0.78 1.9 * 

Traffic density=medium 2.74 7.8 *** 1.38 4.0 *** 

Traffic density=high 2.71 6.6 *** 0.87 1.6  

Speed=20mph -   -   

Speed=30mph 1.82 3.8 *** -   

Speed=40mph 3.25 3.9 *** N/A   

Option A * Dark 2.01 4.9 *** 1.30 2.4 ** 

Option C * Dark 1.89 5.1 *** N/A   

Number of observations 15000   3186   

Number of participants 500   181   

Initial log-likelihood -5493   -1104   

Final log-likelihood -2724   -771   

ρ2 0.50   0.30   

Notes: Model: Mixed Logit. z: z ratio. Significance levels: ***1%, **5%, *10%. N/A: Not applicable. "-": Variable 
was not included in the final model because it was not significant at the 10% level in preliminary models. Model 2 
(For RP comparison): SP1 model to compare with revealed preference model (Subsection 5.3 of the paper), 

including only Hereford participants who currently cross the road. 

 

In the model for the whole sample (Model 1), the coefficients of walking time and Option C 

were negative, which shows that participants prefer shorter walking times, and to make, rather 

than not to make the trip. The coefficient of Option A was not significant at the 10% level, i.e. 

given the survey design and sample size, we found no statistical evidence that participants 

prefer crossing a road with the best possible characteristics in a location with no crossing 

facilities (Option A) rather than crossing in a location where the road goes through a tunnel 

(Option B), when both alternatives imply no detour (i.e. when walking time=0). Both 
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alternatives yield 0 utility. The 20mph speed coefficient was not significant, i.e. there is no 

statistical evidence of a preference towards crossing a road with 20mph speed, compared with 

one with 10mph speed. The coefficients of all other road attributes were negative, which 

shows that participants prefer to avoid crossing a road with 2 or 3 lanes, a narrow central 

reservation or no central reservation, medium or high traffic density, and 30, or 40 mph speed, 

compared with a road with 1 lane, a wide central reservation, low traffic density, and 10mph 

speed. The relative magnitudes of the 2 vs. 3-lane, narrow vs. no central reservation, medium 

vs. high density, and 30mph vs. 40 mph speed variables were as expected: worse conditions 

yield less utility.  

The interaction between the ‘dark’ dummy variable and Option C is positive and the 

interaction with Option A is negative. This suggests that, after dark, participants have a 

stronger propensity for not making the trip (Option C) and prefer to cross in a location where 

the road goes through a tunnel (Option B) rather than crossing the best possible road in a 

location without crossing facilities (Option A), when both alternatives imply no detour. The 

standard deviations of the coefficients were all significant, confirming that there is 

heterogeneity in the preferences. 

Most of the results above also apply to Model 2. The main difference is that in this model 

the 30mph speed coefficient was not significant. 

3.2. SP2: informal crossing vs. monetary benefits or costs 

Design 

The second stated preference exercise (SP2) estimated the participants' willingness to pay to 

avoid crossing a road with in a location with no designated crossing facilities. The exercise 

was customized for three trip purposes: work, shopping, and leisure. Leisure trips had three 

types of possible destinations: (1) restaurant/pub/café; (2) park, playing field, or 

community/leisure centre; and (3) house of someone known to the participant (friend, 

neighbour, or relative). Each question showed two locations, one on each side of the road: 

 For work trips, there were two locations for the same job, each with a different salary.  

 For shopping trips and leisure trips to restaurants/pubs/cafés, the two locations offered 

the same products but with different prices.  

 For leisure trips to parks, playing fields, or community/leisure centres, the two 

locations had the same characteristics but a voucher would be given in one of them.  
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 For leisure trips to the house of someone, it was assumed that the trip was made by 

bus and two alternative bus stops were available, corresponding to different charging 

zones, so the fare would be different. 

Each question contained two options (cross/do not cross), but they were presented in two 

different versions, to test for differences in responses when the trade-off scenario was defined 

in terms of benefits and in terms of costs. 

In Version 1, the participant was financially better off by choosing to cross the road. Option 

A was to cross a road with specified design and traffic characteristics in a location with no 

crossing facilities and receive a higher salary; pay a cheaper shopping or restaurant/pub/café 

bill; receive a voucher; or pay a cheaper bus fare on the other side, compared with the current 

situation. Option B was not to cross the road and receive the same salary; pay the current bill; 

do not receive a voucher; or pay the current bus fare on the same side of the road. The left 

side of Figure 4 is an example of a Version 1 scenario for shopping trips. 

In Version 2, shown only for shopping trips and leisure trips to restaurants/pubs/cafés or to 

the house of someone, the participant was financially worse off by choosing not to cross the 

road. Option A was to cross the road in a location with no crossing facilities and pay the same 

shopping bill, restaurant/pub/café bill, or bus fare as now. Option B was not to cross the road 

and pay a higher bill or bus fare on the same side of the road. The right side of Figure 4 is an 

example of a Version 2 scenario for shopping trips. 

Figure 4: SP2 - example of questions 

                                         Version 1                                                                  Version 2 

   

The attributes of the problem were the monetary value in Option A (ranging from £0.40 to 

£4, in increments of £0.40) and the characteristics of the road in Option A (with the same 

range of values as in SP1). Again, a constraint was applied so that scenarios with high traffic 

density did not have the highest speed value. It was implicit that it is necessary to cross the 

road twice to go to the location on the other side and return home. The only exception was for 
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trips to the house of someone, which were assumed to be made by bus, and so required 

crossing the road only once (as the bus stop would be on the ‘home’ side in one direction). In 

this case, the range of monetary values shown was halved. The exercise consisted of eight 

questions.  

As in the SP1 exercise, participants were identified as having a potential trip purpose based 

on whether they had indicated that the places associated with that purpose were within 

walking distance and that they currently go there (by any means of transport). In the case of 

leisure trips to the house of someone, the assessment considered whether bus stops were 

within walking distance and the participant currently goes there. Participants were then 

randomly allocated to one of the potential trip purposes and, in each question, to one of the 

two versions of the question. 

As in the SP1 exercise, non-trading behaviour was identified in two preliminary choice 

questions, one showing the worst possible road in Option A and the minimum monetary value 

and another showing the best possible road in Option A and the maximum monetary value. 

The 3% of participants who chose Option A in the first question and the 15% who did not 

choose Option A in the second question were identified as non-traders and did not answered 

the exercise. Among the participants who answered the exercise, Option A was chosen in 

33% of all questions. 

Model 

Choices were modelled using a mixed logit specification similar to the one used in the SP1 

model (expressions 1-7 in Subsection 3.1). The utility Uij of option j in a given question 

(expression 9) was assumed to depend on the monetary value (Moneyj) (a benefit in Option A 

or a cost in Option B), a dummy variable Aj representing Option A, and dummy variables 

representing road conditions other than the best possible ones. Option A was also interacted 

with the monetary value to account for the effect of benefits, compared to costs. The option 

implicit in the case when all variables are equal to 0 is Option B with no monetary value. All 

coefficients were assumed to be random with normal distributions. 
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                     Ui,j = β1*Moneyj + β2*Aj + β3*Lanes2j + β4*Lanes3j + β5*CRnarrowj + β6*CRnoj + 

                           + β7*DensMedj +β8*DensHighj +β9*Speed20j +β10*Speed30j +β11*Speed40j + 

                           +β12*Moneyj *Aj + εi, j                                                                                                                                                      (9) 

Results 

Table 3 shows the estimated SP2 model coefficients. As an example of the interpretation of 

the coefficients, an increase of £1 in the monetary value (i.e. an increase in the benefit in 

Option A or a decrease in the cost in Option B) leads to an increase of 1.80 in the log-odds of 

a participant choosing a given option. 

Table 3: SP2 model 

 
Coefficient z  

Mean    

Option A (Cross informally) -   

Monetary value (£) 1.80 10.1 *** 

Lanes=2 -1.77 -10.3 *** 

Lanes=3 -4.49 -12.7 *** 

Central reservation=narrow -   

Central reservation=no -0.37 -2.8 *** 

Traffic density=medium -1.49 -10.0 *** 

Traffic density=high -3.23 -10.3 *** 

Speed=20mph -   

Speed=30mph -   

Speed=40mph -0.49 -1.9 * 

Option A * Monetary value -   

Standard deviation    

Option A (Cross informally) -   

Monetary value (£) 2.42 11.6 *** 

Lanes=2 1.43 4.7 *** 

Lanes=3 2.47 5.9 *** 

Central reservation=narrow -   

Central reservation=no 0.39 1.3  

Traffic density=medium 1.10 3.7 *** 

Traffic density=high 1.77 4.8 *** 

Speed=20mph -   

Speed=30mph    

Speed=40mph 1.56 4.1 *** 

Option A * Monetary value -   

Number of observations 8528 

Number of participants 533 

Initial log-likelihood -2956 

Final log-likelihood -1795 

ρ2 0.39 

Notes: Model: Mixed Logit. z: z ratio. Significance levels: ***1%, **5%, *10%. N/A: Not 
applicable. "-": Variable was not included in the final model because it was not significant at 
the 10% level in preliminary models. 

 

The coefficient of the monetary value was positive, which means that participants prefer 

higher benefits or lower costs, as expected. The interaction of the monetary value and Option 
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A  was not significant, which means that the design of the exercise (i.e. offering a benefit vs. a 

cost) did not influence the participants’ sensitivity to the monetary value. The 20mph and 

30mphtraffic speed coefficients were not significant at the 10% level, i.e. given the survey 

design and sample size, there is no statistical evidence that participants prefer crossing roads 

with traffic speeds of 10mph, compared with 20mph or 30mph. The coefficient of the narrow 

central reservation was also not significant. The sign and magnitude of the coefficients of the 

other road attributes were as expected: worse conditions for pedestrians yield less utility. The 

coefficient of Option A was not significant. The standard deviations of the coefficients were 

significant, with the exception of the central reservation variable. 

3.3. SP3: formal crossing vs. walking time 

Design 

The third stated preference exercise estimated trade-offs between walking time and crossing 

the road using a certain type of pedestrian crossing facility. Each question had four options 

(see example in Figure 5): 

 Options A and B: Walk a specified number of extra minutes in order to cross the road 

using a given type of crossing facility 

 Option C: Walk a specified number of extra minutes in order to cross in a pedestrian 

platform, i.e. a location where the road goes through a tunnel 

 Option D: Do not make the trip 

Figure 5: SP3 - example of question 

 

The attributes of the problem were the additional walking times in Options A, B, and C 

(from 2 to 20 minutes, in increments of 2 minutes) and the types of crossing facilities offered 
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in Options A and B (pedestrian refuge, straight signalised crossing, staggered signalised 

crossing, footbridge, high-quality footbridge, or underpass). The high-quality footbridge was 

only shown to participants in the Hull case study area. A constraint were applied to the 

experimental design so that the additional walking time presented in Option C was always 

longer than the walking times presented in Options A and B. Waiting times to cross the road 

at pedestrian refuges and straight and staggered signalised crossings were not included as an 

attribute with different levels in the design. However, these times were shown in the 

questions, and were the same as those indicated by each participant in a preliminary question.  

The exercise consisted of eight questions. The text introducing the exercise was customized 

so that participants knew the purpose of the walking trip, which was the same as in the SP1 

exercise. Across all participants, Options A or B were chosen in 82% of all questions, Option 

C in 16% and Option C in 2%. 

Model 

Choices were modelled using a mixed logit specification similar to the one used in the SP1 

and SP2 models. The utility Uij of option j in a given question for participant i (expression 10) 

was assumed to depend on the additional walking time (WalkTimej) in Options A, B, or C, the 

waiting time (WaitTimej) in Options A or B (which applies only to pedestrian refuges and 

straight and staggered signalised crossings), dummy variables representing the possible types 

of crossing facilities presented in Options A or B, and a dummy Dj for Option D. 

                    Ui,j = β1*WalkTimej + β2*WaitTimej +β3*Refugej+ β4*Straightj + β5*Staggeredj+ 

                           +β6*Bridgej+β7*HQBridgej+β8*Underpassj+β9* Dj                                                                            (10) 

The option implicit in the case when all the variables are equal to 0 is Option C with 0 

walking time, i.e. cross in a location where the road goes through a tunnel, without any extra 

walking. All coefficients were assumed to be random with normal distributions. 

As in the SP1 analysis, two SP3 models were estimated. Model 1 uses the whole sample. 

Model 2 uses data for the group of Hereford who make actual walking trips across the road. 

This model is used in Subsection 5.3 to compare the results of the stated and revealed 

preference exercises. Data for Option D (Do not make the trip) was not included in this model 

in order for the model to be comparable with the revealed preference model, which only 

includes data on actual trips. 
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Results 

Table 4 shows the estimated SP3 model coefficients. As an example of the interpretation of 

the coefficients, in the model for the whole sample, an increase of 1 minute in walking time 

leads to a decrease of -0.65 in the log-odds of a participant choosing a given option in the SP3 

exercise.  

Table 4: SP3 models 

 
Model 1 Model 2 

 
All For RP comparison 

 
Coefficient z  Coefficient z  

Mean       

Option D (Do not make trip) -19.73 -14.8 *** N/A   

Walking time (minutes) -0.65 -18.1 *** -0.78 -10.9 *** 

Waiting time (minutes) -0.89 -4.0 *** -   

Pedestrian refuge -2.62 -7.4 *** -2.30 -6.7 *** 

Straight signalised crossing 1.08 4.1 *** -   

Staggered signalised crossing 1.64 4.4 *** -   

Footbridge -1.72 -7.3 *** -2.13 -5.6 *** 

High-quality footbridge -   N/A   

Underpass -4.59 -11.5 *** -4.43 -6.5 *** 

Standard deviation       

Option D (Do not make trip) 7.77 11.7 ***    

Walking time (minutes) 0.52 16.6 *** 0.59 9.5 *** 

Waiting time (minutes) 1.54 9.8 *** -   

Pedestrian refuge 3.82 12.3 *** 3.07 7.2 *** 

Straight signalised crossing 1.72 6.9 *** -   

Staggered signalised crossing 1.08 3.2 *** -   

Footbridge 3.80 12.8 *** 3.76 8.5 *** 

High-quality footbridge -   N/A   

Underpass 5.85 11.8 *** 5.41 7.5 *** 

Number of observations 20888 5100 

Number of participants 653 218 

Initial log-likelihood -7239 -1868 

Final log-likelihood -3482 -979 

ρ2 0.52 0.48 

Notes: Model: Mixed Logit. z: z ratio. Significance levels: ***1%, **5%, *10%. N/A: Not applicable. "-" Variable 
was not included in the final model because it was not significant at the 10% level in preliminary models. Model 
2 (For RP comparison): SP3 model to compare with revealed preference model (Subsection 5.3 of the paper). 
Model 2 includes only Hereford participants who currently cross the road. 

 

In the model using the whole sample (Model 1), the coefficients of walking time, waiting 

time, and Option D were negative, i.e. participants prefer shorter, rather than longer walking 

and waiting times, and to make, rather than not to make the trip. The coefficient of waiting 

time was more negative than the walking time coefficient, which suggests that participants are 

more sensitive to waiting time than to walking time.  

The coefficients of the underpass, pedestrian refuge, and footbridge, were negative, i.e. 

participants prefer to avoid using these crossing facilities, compared with the omitted 
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alternative (a location where the road goes through a tunnel). The coefficient of the high-

quality footbridge was not significant at the 10% level. The coefficients of the straight and 

staggered signalised crossings were positive. This means that if there is no waiting time, 

participants prefer to use these crossing facilities rather than cross in a location where the road 

goes through a tunnel. However, for waiting times above 73 seconds and 110 seconds, 

respectively, the utility of straight and staggered signalised crossings (given by the sum of the 

coefficients of these variables and the product of waiting time and the coefficient of waiting 

time) becomes negative. In this case, those two types of facilities are less preferred than 

crossing in a location where the road goes through a tunnel (which, as the omitted alternative, 

has 0 utility). Underpasses are the least preferred facilities, followed by pedestrian refuges 

(with no waiting time), and footbridges. Pedestrian refuges with a waiting time of around 2 

minutes and 13 seconds yield the same utility as an underpass. The standard deviations of the 

coefficients were all significant. 

Most of these results also apply to Model 2. However, in Model 2, the coefficients of the 

straight and staggered signalised crossings were not significant. 

4. Revealed preference exercise 

Design 

The revealed preference exercise estimated trade-offs between walking time and the 

characteristics of the road and crossing facilities in the locations where participants currently 

cross the road in the real world. Participants were shown a map of a wide area around the case 

study road and asked to indicate the time of day (daytime or night-time) and the route of a 

typical walking trip from home for each of three trip purposes (work, shopping, and leisure). 

The route was defined by five points: 1) where the trip started (i.e. home), 2) where the route 

joined the road, 3) where the route crossed the road, 4) where the route left the road, and 5) 

where the trip ended. The question was asked only to participants who had stated that there 

are places associated with that trip purpose on the other side of the road and that they usually 

walk there.  

The analysis used data from the participants in the Hereford case study only. Robust 

revealed preference models of choices of crossing points could not be estimated in the Hull 

case study, because, due to the presence of physical barriers along most of the road length, 

participants crossed in a very small number of points. In Hereford, trips where the crossing 

point location indicated by the participant on the interactive map was more than 50m distant 
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from the road were also excluded. The resulting dataset included information for 291 walking 

trips (18 for work, 132 for shopping, and 141 for leisure), made by 189 participants. The five 

points indicated by the participants for each trip were converted into walking routes, by 

estimating the shortest path between points, using a street network model within a geographic 

information system. 

A choice set of possible walking routes was then created for each trip of each participant. 

This choice set included all combinations of routes from home to all possible crossing points 

and from these points to the trip destination. Crossing points included all crossing facilities as 

well as informal crossing points. The latter were defined as points where there are no crossing 

facilities but where crossing was both possible (because there were no physical barriers) and 

likely (because the point was along pedestrian desire lines, i.e. at junctions with side roads or 

near bus stops or relevant trip destinations). For each trip, the defined choice set of possible 

crossing points included the crossing point this is part of the fastest route and the crossing 

points that are part of all routes where the excess walking time was less than 20 minutes, 

compared with the fastest route. The walking speed assumed in all links of the pedestrian 

network was 5km/h. 

A dataset was then created with a record for each of the possible crossing points for each 

trip of each participant. This dataset was joined with data with the characteristics of the 

crossing point, i.e. type of crossing facility (pedestrian refuge, straight signalised, staggered 

signalised, underpass, or no facility), waiting time (at pedestrian refuges and straight or 

signalised crossings), and, in the case of informal crossing points, also the characteristics of 

the road (number of lanes in each direction, central reservation, and traffic volume). All this 

data, except traffic volume, was collected in site audits. The central reservation attribute was 

coded with only two values (yes vs. no); due to the variety of different widths encountered, 

any classification into "narrow" and "wide" would be arbitrary. Traffic volume was used 

instead of traffic density, as available data, from the UK Department of Transport, provides 

only traffic volume. This variable was coded with two values: high vs. not high. The cut-off 

point was 40,000 vehicles/day, a value that separates two clusters of road sections, one with 

volumes between 17,652 and 23,523 and another with volumes between 43,850 and 44,856. 

Traffic speed was not considered due to the lack of data. However, as all the speed variables 

in the Hereford stated preference model (Model 2 in Table 2) were statistically insignificant, 

this simplification does not impact on the comparison between the stated preference and 

revealed preference models. 



  

24 

 

Model 

Choices were modelled using a mixed logit specification similar to the one used in the SP 

models. The utility Uij of crossing point j for a trip with a given purpose made by participant i 

(expression 11) was assumed to depend on the additional walking time (i.e. the detour in 

relation to the fastest route, expressed in minutes), waiting time at crossing facilities, a 

dummy variable (Informalj) representing all informal crossing points, dummy variables 

representing road conditions other than the best ones at informal crossings (i.e. 2 or 3 lanes, 

no central reservation, and high traffic volume), and dummy variables representing types of 

crossing facilities (pedestrian refuges, staggered signalised crossings, and underpasses). The 

informal crossings dummy was also interacted with a dummy variable representing trips made 

after dark (Informalj Darkj). The omitted alternative, with utility 0, is to use the fastest route 

and a straight signalised crossing with no waiting time. All coefficients were assumed to be 

random with normal distributions.  

        Ui,j = β1*WalkTimej+ β2*WaitTimej +β3*Informalj+ β4*Lanes2j + β5*Lanes3j+ β6*CRnoj+ 

              +β7*VolumeHighj+β8*Refugej+β9*Staggeredj+β10*Underpassj+β11*InformaljDarkj+εi,j     (11) 

Results 

Table 5 shows the estimated revealed preference model and its comparison with the stated 

preference models. Column (1) shows the revealed preference model coefficients. As an 

example of the interpretation of the coefficients, an increase of 1 minute walking time leads to 

a decrease of -0.77 in the log-odds of a participant choosing a given crossing point for a 

walking trip across the road.  
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Table 5: Revealed preference model and comparison with stated preference models 

 RP Model Comparison RP-SP models 

 (1) (2)  (3) (4) (5) (6) 

 
Coeff. z  Marginal 

WTW (RP) 

WTW 

(RP) 

WTW 

(Hereford SP) 

Ratio WTW 

RP/SP 

Mean        

Walking time (minutes) -0.77 -8.1 *** 

 

   

Waiting time (minutes) -   0.00    

Informal crossings -1.99 -4.0 *** 2.87    

Lanes=2 -0.95 -2.2 ** 1.38 4.25 6.85 0.62 

Lanes=3 -1.23 -2.0 ** 1.78 4.65 20.90 0.22 

Central reservation=no -   0.00 2.87 3.24 0.89 

Traffic volume=high -1.51 -2.0 ** 2.23 5.10 8.08# 0.63 

Pedestrian refuge -1.22 -4.1 *** 1.79 1.79 3.36 0.53 

Staggered signalised crossing -   0.00 0.00 - - 

Underpass -   0.00 0.00 - - 

Informal crossing * Dark -   0.00 0.00 - - 

Standard Deviation  
 
  

   

Walking time (minutes) 0.33 4.4 *** 

 
   

Waiting time (minutes) -    
   

Informal crossings 1.37 2.4 ** 

 
   

Lanes=2 0.08 0.1   
   

Lanes=3 0.20 0.1   
   

Central reservation=no -    
   

Traffic volume=high 1.64 1.6 * 

 
   

Pedestrian refuge 1.04 2.1 ** 

 
   

Staggered signalised crossing -    
   

Underpass -    
   

Informal crossing * Dark -    
   

Number of observations 9074     

Number of participants 189     

Initial log-likelihood -957     

Final log-likelihood -547     

ρ2 0.43     

Notes: Model: Mixed Logit. RP: revealed preference. SP: stated preference; Coeff.: coefficient. z: z ratio. 

WTW: willingness to walk (minutes). Significance levels: ***1%, **5%, *10%. "-" Variable was not included 

in the final model because it was not significant at the 10% level in preliminary models. # Value refers to 

traffic density. 

 

The walking time coefficient was negative, as expected. The waiting time coefficient was 

not significant, i.e., given the design of the revealed preference exercise, sample size, and the 

set of available variables to model the choices of crossing points, there is no statistical 

evidence that participants attach extra disutility to waiting time at pedestrian refuges or 

signalised crossings, compared with the general disutility of using those crossing facilities. 

The coefficient representing informal crossings was negative. This shows that participants 

prefer using a straight signalised crossing (the omitted alternative) rather than crossing in a 

location without crossing facilities. The coefficients of the road characteristics at informal 

crossing points were negative, as expected. This suggests that participants prefer to avoid 
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crossing a road with 2 or 3 lanes, no central reservation, or high traffic volume, compared 

with a road with the best possible conditions, i.e. 1 lane, a central reservation, and not high 

traffic volume. In addition, the coefficient for 3 lanes was more negative than the one for 2 

lanes. The coefficients of staggered signalised crossings and underpasses were not significant, 

i.e. there is no statistical evidence that participants prefer crossing using straight signalised 

crossings, rather than those two other types of crossing facilities. The coefficient of informal 

crossings for trips made after dark was not significant, i.e. there is no evidence that 

participants attach less utility to cross the road in locations without designated crossing 

facilities after dark, compared with daytime. The standard deviations of the traffic volume 

coefficients were not significant; all the other standard deviations were significant. 

Column (3) of Table 5 shows the marginal willingness to walk to avoid crossing points with 

specific characteristics and use instead a straight signalised crossing with no waiting time. For 

example, when compared with a road with 1 lane, participants are willing to walk an 

additional 1.38 minutes to avoid crossing informally a road with 2 lanes and use a straight 

signalised crossing. The marginal willingness to walk was estimated as the mean, across all 

individuals, of the ratios between the individual-level coefficient of the variable representing 

each characteristic and the individual-level coefficient of walking time. This approach (which 

we also use in Section 5 to estimate a severance index and willingness to pay) is imperfect (as 

it is based on individual conditional distributions of the coefficients, not population 

distributions) but it has several advantages, as shown by Sillano and Ortúzar (2005). It allows 

for the segmentation of results (for example, by trip purpose) and avoids the shortcomings of 

other options: the ratio of population coefficients (which in our case are normally distributed) 

has an unstable distribution; fixing coefficients masks preference heterogeneity; and using 

log-normal distributions tends to inflate the estimates. 

Column (4) adds, in the case of informal crossing points, the general marginal willingness 

to walk to avoid these points (2.87 minutes) to the marginal willingness to walk to avoid 

specific characteristics of the road. For example, participants are willing to walk an additional 

4.25 minutes (2.87+1.38) to avoid crossing informally a road with 2 lanes and use a straight 

signalised crossing instead. 

Column (5) shows the values of the willingness to walk calculated from the SP1 and SP3 

models that were estimated for the group of participants in Hereford who completed the 

revealed preference exercise (i.e. models 2 in Table 2 and Table 4). As above, the willingness 

to walk values were calculated as the mean, across all individuals, of the ratios between the 
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individual-level coefficient of the variable representing each characteristic of the road or 

crossing facilities and the individual-level coefficient of walking time. 

Finally, column (6) is the ratio between the willingness to walk values estimated from the 

revealed preference and stated preference exercises. The ratio is between 0.22 and 0.89, 

depending on the variable. An overall ratio of 0.58 is used in Subsection 5.3 to scale the stated 

preference results. This is the average of the ratios obtained for the individual variables.  

5. Use of results in appraisal 

We combined the results of the stated and revealed preference exercises in an integrated 

approach to measure and value the barrier effect of roads. The approach is described in detail 

in the following five subsections, which are colour-coded. Figure 6 is an overview of the 

approach. The boxes in the figure use the same colour code as the subsections. Each box 

represents a quantity and includes, at the bottom, the number of the expression where that 

quantity is defined in the text.  

The integrated approach consists of the following steps: 

 Using the SP1 and SP3 results, calculate an index of the barrier effect and willingness 

to walk (WTW) to avoid roads with different characteristics and crossing facilities 

(Subsection 5.1 ) 

 Calculate the willingness to pay (WTP) associated with each value of the index, by 

relating the results of the three stated preference exercises (Subsection 5.2 ). 

 Scale willingness to walk and willingness to pay to the results of the revealed 

preference model (Subsection 5.3 ). 

 Combine the index and willingness to pay values of roads and crossing facilities, 

considering walking time to the nearest crossing facility (Subsection 5.4 ). 

 Adjust willingness to pay to account for the number of walking trips associated with 

each value of the index (Subsection 5.5 ). 
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Figure 6: Approach to measure and value the barrier effect of roads 

 

5.1. Index of the barrier effect and willingness to walk   

The results of the SP1 and SP3 exercises were used to create an index of the barrier effect of 

roads with different characteristics and crossing facilities at a given point along the road. This 

index was defined as the disutility of crossing the road relative to the disutility of not making 

the trip and was calculated from the individual-level SP model coefficients. A ratio was 

derived for each individual by summing the individual-level coefficients representing the 

specified characteristics of roads and crossing facilities and then dividing by the coefficient of 

the “do not make the trip” option (Option C in the SP1 model or Option D in the SP3 model). 

The index is then the mean of the ratios across all individuals. 

Expression 12 shows the index for roads (I0
ROAD), where ßC1i is the individual-level 

coefficient of Option C in the SP1 model for individual i, ßROAD1i is the sum of the coefficients 

representing the specified road conditions in the SP1 model, and n is the sample size. 

Expression 13 shows the index for crossing facilities (I0
FAC), where ßD3i is the individual-level 

coefficient of Option D in the SP3 model for individual i, ßFAC3i is the coefficient of the 

specified facility, and ßWaitTime3i is the coefficient of waiting time in the SP3 model. WaitTime 

is the specified waiting time at the facility. The two versions of the index are expressed in the 
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same scale, as the option represented in the denominator (“do not make the trip”) is the same 

in both versions. 

                                                             I0
ROAD=∑i(ßROAD1i/ßC1i)/n                                                            (12) 

                                             I0
FAC=∑i((ßFAC3i+ßWaitTime3i*WaitTime)/ßD3i)/n                                                                (13) 

An index value of 0 means that the road or crossing facility yields the same disutility, on 

average, as the omitted option in the models (cross in a location where the road goes through 

a tunnel). We found that the road with the best possible characteristics for pedestrians (1 lane, 

wide central reservation, low traffic density, and 10mph speed) has an index of 0. It should be 

noted that this value is not 0 by definition but because the estimated coefficient of Option A 

(which represents roads with the best possible conditions for pedestrians) was not statistically 

different from 0 in the SP1 model. A negative index means that the road or crossing facility 

has less disutility, on average, than a location where the road goes through a tunnel. We found 

this to be the case for straight and staggered signalised crossings with no waiting time (as they 

have a positive coefficient in the SP3 model). In these cases, we set the index to 0. An index 

above 1 means that the road or crossing facility yields more disutility, on average, than not 

making the trip.  

For analytical convenience, we then converted all the index values into a 0-100 scale. A 

value of 100 was assigned to the maximum value across the two indices (1.91). The other 

values were then scaled using the expressions below.  

                                                         IROAD=100*I0
ROAD/1.91                                                                   (14) 

                                                          IFAC=100*I0
FAC/1.91                                                                      (15) 

Figure 7 shows some examples of the index of the barrier effect for some types of roads and 

crossing facilities. The upper table in Appendix 1 shows the index for all types of roads, i.e. 

all combinations of design and traffic characteristics. The road with an index of 100 has 3 

lanes, no central reservation, medium traffic density, and 40 mph traffic speed. The lower 

table in Appendix 1 shows the index for all types of crossing facilities, considering different 

waiting times. The crossing facility causing the highest barrier effect per se is the underpass 

(index=13), although pedestrian refuges with long waiting times (above 2 minutes) cause a 

stronger barrier effect. Straight and staggered signalised crossings only have a barrier effect 

above 0 when the waiting times are above 2 and 3 minutes, respectively.  

The index can be disaggregated by trip purpose, using an approach similar as for the whole 

sample, considering the individual-coefficients of the sample participants who answered the 
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stated preference exercises customized for that purpose. The disaggregated indices are shown 

in the tables in Appendix 2. 

Figure 7: Index of the barrier effect: examples 

 

The willingness to walk to avoid crossing roads with specific characteristics (WTW0
ROAD) and 

to avoid using specific crossing facilities (WTW0
FAC) was also calculated as the mean of 

individual-level ratios (shown in expressions 16 and 17). For each individual i, the ratio was 

derived by summing the individual-level coefficients representing the specified characteristics 

of roads and crossing facilities and then dividing by the SP1 and SP3 coefficients of walking 

time (ßWalkTime1i and ßWalkTime3i). 

                                               WTW0
ROAD= ∑i(ßROAD1i/ ßWalkTime1i)/n                                                        (16) 

                              WTW0
FAC= ∑i((ßFAC3i+ßWaitTime3i*WaitTime)/ßWalkTime3i)/n                                         (17) 

5.2. Willingness to pay  

The willingness to pay to avoid crossing the road at a given location (expression 18) was then 

defined as the mean of the individual-level ratios between the sum of the individual-level SP2 

coefficients representing the specified road conditions (ßROAD2i) and the SP2 coefficient of the 

monetary value (ßMONEY2i):  

                                                   WTP0
ROAD=∑i(ßROAD2i /ßMONEY2i )/n                                                                                  (18) 

We found a strong (R2=0.94) linear relationship (expression 19) between willingness to 

walk and willingness to pay across all possible types of roads, i.e. all combinations of road 

attribute values. This strong relationship shows that the choices were consistent across the 

stated preference exercises, i.e. participants tended to have the same relative preferences about 
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crossing different types of roads regardless of the type of trade-off involved (whether walking 

time or monetary values). 

                                                   WTP0
ROAD=0.1079*WTW0

ROAD-0.1022                                                 (19) 

5.3. Scaling to revealed preferences  

In Section 4 of the paper we derived a scaling factor to adjust the willingness to walk values 

obtained from the stated preference exercise to values consistent with the participants’ 

walking behaviour in the real world as calculated from the revealed preference exercise. That 

scaling factor, estimated as 0.58, can be applied to the willingness to walk associated with the 

different types of roads and crossing facilities: 

                                                    WTW1
ROAD=0.58*WTW0

ROAD                                                                                              (20) 

                                                      WTW1
FAC=0.58*WTW0

FAC                                                                                 (21) 

The estimated relationship between willingness to pay and willingness to walk (expression 

19) can then be applied not only to scale the willingness to walk associated with roads 

(expression 22) but also to derive the willingness to pay associated with crossing facilities 

(expression 23): 

                                            WTP1
ROAD=0.1079*WTW1

ROAD-0.1022                                                        (22) 

                                              WTP1
FAC=0.1079*WTW1

FAC-0.1022                                                          (23) 

The tables in Appendix 1 show the willingness to pay (per trip) associated with the barrier 

effect of all types of roads and crossing facilities. The maximum value, corresponding to the 

road with an index of 100, is £2.67. The maximum value for crossing facilities per se is £0.29 

(for underpasses), although pedestrian refuges with long waiting times (above 3 minutes) have 

higher values. Appendix 2 shows the same type of information disaggregated by trip purpose. 

The values in the tables in the appendices are indicators of the current costs of the barrier 

effect (or the benefits of completely removing the effect). However, they can be used to 

calculate the benefits of policies for reducing the effect, as the difference between the 

willingness to pay associated with the road characteristics or crossing facilities in the pre-

policy and post-policy scenarios. 

5.4. Combined assessment (characteristics of road and type and time to facilities)  

The analysis in the previous sections separated the assessment of the barrier effect of roads 

with specific characteristics and the effect of crossing facilities, at a given point along the 
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road. However, the effect at that point also depends on the distance to the nearest crossing 

facility. 

The index of the barrier effect at a point can be adjusted by combining the indices of roads 

and crossing facilities. We assumed that facilities located more than 10 minutes away do not 

mitigate the barrier effect felt at that point. This assumption was supported by the analysis of 

the probabilities derived from the SP1 model, which found that the probability of choosing 

Option B (walk to a crossing facility) with a detour of 20 minutes (i.e. go to the facility and 

come back to the same place but across the road) was the same as the probability of choosing 

Option A (cross the road in a location with no crossing facilities) with the worst possible road 

conditions. The assumption means that when the time to the nearest crossing facility is above 

10 minutes, the index of the barrier effect depends only on the road conditions, and not on the 

presence of crossing facilities, and can therefore be set as the index of the road (IROAD, 

previously defined in expression 14). When the walking time to the crossing facility is 0 

minutes, the pedestrian is at that facility, so the index can be set as the index of the facility 

(IFAC, defined in expression 15).  

We then assumed that for walking times between 0 and 10 minutes, the index varies 

proportionately in the [IFAC, IROAD,] interval. The combined index (ICOMB) can therefore be 

expressed as in expression 24 below, where FacTime is the walking time to the nearest 

crossing facility. It was assumed that no adjustment is needed when IROAD<IFAC, i.e. when the 

crossing facility causes a stronger barrier effect than crossing in a location without facilities. 

The combined willingness to pay WTPCOMB can be calculated using expression 25, which 

replacing indices with willingness to pay in expression 24. 

 ICOMB= IFAC+0.1FacTime (IROAD -IFAC) if IROAD ≥ IFAC  

  IROAD if  IROAD<IFAC (24) 

     

 WTPCOMB= WTP1
FAC+0.1FacTime (WTP1

ROAD -WTP1
FAC) if IROAD ≥ IFAC  

  WTP1
ROAD if  IROAD<IFAC  (25) 

 

In practice, the adjustment means that the values of the index and willingness to pay shown 

in the upper table in Appendix 1 go down when taking into account the distance to crossing 

facilities. As an example, the index of the barrier effect of a road with 2 lanes, a narrow 

central reservation, high traffic density, and 30mph speed decreases from 62 to 52 and the 

associated willingness to pay decreases from £1.59 to £1.32 when we take into account the 

presence of a pedestrian refuge with 2 minutes waiting time and located 8 minutes away. 
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5.5. Number and value of new trips  

The barrier effect also affects the propensity to make trips that require walking across the 

road. This propensity can be derived from the estimated SP1 and SP3 models, as explained 

below.  

The probability of choosing each of the three options in the SP1 exercise (A: Cross 

informally; B: Walk further to a location where the road goes through a tunnel; and C: Not 

making the trip) is the ratio between the exponentials of the utility of that option and the 

utilities of all three options (McFadden 1974). For example, the probabilities of Option A and 

B are given by the expressions below, where UA1, UB1, and UC1 are the utilities of the three 

options, obtained by multiplying the relevant SP1 model coefficients by the specified values 

of the explanatory variables in expression 8. 

                                       pA1=EXP(UA1)/(EXP(UA1)+ EXP(UB1)+EXP(UC1))                                         (26) 

                                      pB1=EXP(UB1)/(EXP(UA1)+ EXP(UB1)+EXP(UC1))                                          (27) 

The probability of making the trip, in the choice scenario represented in SP1 is PA1+PB1. 

However, in the real world, the "walk further" option is not necessarily to walk to a place 

where the road goes through a tunnel but to walk to use a crossing facility. The probability of 

this option, for a given type of crossing facility, can be approximated by multiplying pB1 by 

the probability pFAC of choosing that type of crossing facility rather than not making the trip. 

The probability of making the trip then becomes  

                                                                 p=pA1+pB1*pFAC                                                                                                         (28) 

pFAC can be calculated from the SP3 model as below, where UFAC and UD3 are the utilities 

of using the specified facility and not making the trip respectively. 

                                                pFAC=EXP(UFAC)/(EXP(UFAC)+ EXP(UD3))                                                (29)                                                    

The change in the propensity to walk across the road associated with a reduction in the 

barrier effect is then the change in the probability specified in expression 28 associated with 

changes in road characteristics or in the type or location of crossing facilities. Using the "rule 

of a half" (Williams 1977), the per-trip monetary value of the new trips generated from the 

reduction in the barrier effect can be approximated as half of the monetary value of that 

reduction for existing trips. 

The overall monetary value of reducing the barrier effect (WTP), expressed as a proportion 

of the number of existing trips, can then be estimated as below, where WTPCOMB is the 
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willingness to pay for reducing the barrier effect for existing trips and Δp is the change in the 

propensity to make the trip, i.e. the difference in the value of p in expression 28 after and 

before the reduction of the barrier effect.  

                                                       WTP= WTPCOMB (1+0.5 Δp)                                                            (30) 

As an example, the removal of the barrier effect of a road with 2 traffic lanes, a narrow 

central reservation, high traffic density, 30mph speed, and a pedestrian refuge with a 2-minute 

wait and located 8 minutes away has a value of £1.32. This policy would generate 2.34% 

additional trips. The overall benefit, per existing trip, estimated by expression 30 would then 

be £1.32*(1+0.5*2.34%) = £1.34 

6. Conclusions 

Road infrastructure and motorised traffic create a barrier effect on the movement of 

pedestrians, with possible negative implications on individuals and communities in the 

surrounding area. However, there are currently no robust quantitative methods to assess this 

effect. This paper has developed a comprehensive approach for the assessment of the barrier 

effect of roads on pedestrians and its integration in transport appraisal. An index was created 

to measure the barrier effect at a given point along a road, considering the design and traffic 

characteristics of the road and the characteristics and distance of the nearest pedestrian 

crossing facility. The index was then related with monetary values and with the estimated 

number of suppressed trips (i.e. the number of new trips that would be made if the barrier 

effect of the road was reduced), expressed as a proportion of the potential number of trips.  

The approach produced robust results that take into account a range of hypothetical 

scenarios for the road, included in three stated preference exercises, while grounding the 

estimates in real-world behaviour, as assessed in a revealed preference exercise. The approach 

can be integrated into the appraisal of policy interventions that lead to reductions in 

severance, as it supports the estimation of the benefits of a wide range of improvements made 

to the road design, traffic and crossing facilities, while allowing for the disaggregation of 

those benefits by trip purpose.  

The application of this approach in everyday appraisal requires further information to 

estimate, for example, the barrier effect of a whole section of a road, given the location of 

various crossing facilities along that section (the methods in this paper refer to the barrier 

effect felt at a single point along the road). The estimation of the total benefit of a policy 

intervention also requires information on the absolute change in the number of walking trips, 
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which could be derived by multiplying the change in propensity to walk across the road by the 

maximum potential number of walking trips, considering the characteristics of local residents 

and the catchment areas of nearby trip attractors. 

The range of attributes considered in this paper could be extended, by considering aspects 

such as traffic composition (in particular the proportion of large vehicles) and attributes 

related to the design and maintenance of crossing facilities (in particular footbridges and 

underpasses). The approach could also be adapted to assess the barrier effect felt by people 

walking along the road or using the road as a public place, which would require considering 

aspects such as quality of the pavements, landscaping, lighting, cleanliness, and other aspects 

of the road environment. A wider range of contexts could also be tested, considering weather 

conditions, presence of other pedestrians, and trips made by adults accompanying children. 

The paper focused on generating overall estimates of the barrier effect but also provided 

estimates for different trip purposes. Additional segmentations could be defined with regards 

to the demographic characteristics of participants such as sex, age group, qualification levels, 

economic activity, car ownership, household composition, or disability (variables collected in 

our study) . While the study included a question on income, it did not produce data that could 

be used in the analysis due to the large number of missing answers, although the results 

segmented for qualification levels could be a useful proxy.  

Using a larger sample would also allow for the estimation of models that could capture how 

the magnitude and the value of the barrier effect varies with minor differences in attribute 

levels, including those that were not found to be statistically significant in this paper, such as 

the difference between crossing roads with a wide vs. narrow central reservation and with 

10mph vs. 20mph vs. 30mph traffic speed. 

A final question is the transferability of the estimates beyond the case study area. As 

mentioned in Section 2, the sample and population in one of the case study areas (Hull) have 

qualification levels slightly below the England national average, so the application of the 

estimates in areas with higher qualifications in England and in other countries may require an 

application of a correction factor. The applicability of the trade-off scenarios studied in this 

paper in other contexts should also take into consideration the variety of legal, social, and 

cultural aspects that influence the decision to cross the road in locations with no crossing 

facilities, such as fines and reluctance to challenge social norms. 
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APPENDIX 1 

Indices of barrier effect and willingness to pay 

ROAD TYPES 

Central 

reserv. 

Traffic 

density 

Traffic 

speed 

(mph) 

 Roads with 1 lane  Roads with 2 lanes  Roads with 3 lanes 

 Index 
Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 

Wide 

Low 

10  0 £0.00  21 £0.49  48 £1.25 

20  0 £0.00  21 £0.49  48 £1.25 

30  3 £0.00  23 £0.54  50 £1.31 

40  17 £0.37  38 £0.96  65 £1.72 

medium 

10  22 £0.52  43 £1.11  70 £1.87 

20  22 £0.52  43 £1.11  70 £1.87 

30  24 £0.58  45 £1.16  72 £1.93 

40  39 £0.99  60 £1.58  87 £2.34 

high 

10  32 £0.82  53 £1.40  80 £2.17 

20  32 £0.82  53 £1.40  80 £2.17 

30  35 £0.87  55 £1.46  82 £2.22 

Narrow 

low 

10  6 £0.00  27 £0.61  54 £1.38 

20  6 £0.00  27 £0.61  54 £1.38 

30  9 £0.00  30 £0.67  56 £1.43 

40  24 £0.50  44 £1.09  71 £1.85 

medium 

10  28 £0.64  49 £1.23  76 £1.99 

20  28 £0.64  49 £1.23  76 £1.99 

30  31 £0.70  51 £1.29  78 £2.05 

40  45 £1.12  66 £1.71  93 £2.47 

high 

10  38 £0.94  59 £1.53  86 £2.29 

20  38 £0.94  59 £1.53  86 £2.29 

30  41 £1.00  62 £1.59  89 £2.35 

No 

low 

10  13 £0.23  34 £0.81  61 £1.58 

20  13 £0.23  34 £0.81  61 £1.58 

30  15 £0.28  36 £0.87  63 £1.63 

40  30 £0.70  51 £1.29  78 £2.05 

medium 

10  35 £0.84  56 £1.43  83 £2.20 

20  35 £0.84  56 £1.43  83 £2.20 

30  37 £0.90  58 £1.49  85 £2.25 

40  52 £1.32  73 £1.91  100 £2.67 

high 

10  45 £1.14  66 £1.73  93 £2.49 

20  45 £1.14  66 £1.73  93 £2.49 

30  47 £1.20  68 £1.79  95 £2.55 
 

CROSSING FACILITIES 

 No wait 30 seconds 60 seconds 120 seconds 180 seconds 240 seconds 

 Index WTP Index WTP Index WTP Index WTP Index WTP Index WTP 

Pedestrian refuge 8 £0.11 9 £0.15 10 £0.19 12 £0.27 14 £0.35 16 £0.43 

Straight signalised 0 £0.00 0 £0.00 0 £0.00 1 £0.00 3 £0.03 6 £0.11 

Staggered signalised 0 £0.00 0 £0.00 0 £0.00 0 £0.00 2 £0.00 5 £0.07 

Footbridge 5 £0.05           

High-quality footbridge 0 £0.00           

Underpass 13 £0.29           
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APPENDIX 2 

Indices of barrier effect and willingness to pay: by trip purpose 

WORK TRIPS 

ROAD TYPES 

Central 

reserv. 

Traffic 

density 

Traffic 

speed 

(mph) 

 Roads with 1 lane  Roads with 2 lanes  Roads with 3 lanes 

 Index 
Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 

Wide 

Low 

10  0 £0.00  21 £0.45  49 £1.13 

20  0 £0.00  21 £0.45  49 £1.13 

30  3 £0.00  24 £0.52  52 £1.20 

40  17 £0.32  38 £0.86  66 £1.54 

medium 

10  22 £0.47  43 £1.01  71 £1.69 

20  22 £0.47  43 £1.01  71 £1.69 

30  25 £0.54  46 £1.08  74 £1.76 

40  39 £0.88  60 £1.42  88 £2.10 

high 

10  32 £0.74  53 £1.28  81 £1.96 

20  32 £0.74  53 £1.28  81 £1.96 

30  35 £0.81  56 £1.35  84 £2.03 

Narrow 

low 

10  6 £0.00  27 £0.55  55 £1.23 

20  6 £0.00  27 £0.55  55 £1.23 

30  9 £0.00  30 £0.62  58 £1.30 

40  23 £0.42  44 £0.96  72 £1.64 

medium 

10  29 £0.57  50 £1.11  78 £1.79 

20  29 £0.57  50 £1.11  78 £1.79 

30  32 £0.64  53 £1.18  81 £1.86 

40  45 £0.98  66 £1.52  94 £2.20 

high 

10  39 £0.84  60 £1.38  88 £2.05 

20  39 £0.84  60 £1.38  88 £2.05 

30  42 £0.91  63 £1.45  91 £2.12 

No 

low 

10  15 £0.26  36 £0.80  64 £1.48 

20  15 £0.26  36 £0.80  64 £1.48 

30  18 £0.33  39 £0.87  67 £1.55 

40  32 £0.67  53 £1.21  81 £1.89 

medium 

10  37 £0.82  58 £1.36  86 £2.04 

20  37 £0.82  58 £1.36  86 £2.04 

30  41 £0.89  61 £1.43  90 £2.11 

40  54 £1.23  75 £1.77  100 £2.45 

high 

10  47 £1.09  68 £1.63  96 £2.31 

20  47 £1.09  68 £1.63  96 £2.31 

30  50 £1.16  71 £1.70  99 £2.38 
 

CROSSING FACILITIES 

 No wait 30 seconds 60 seconds 120 seconds 180 seconds 240 seconds 

 Index WTP Index WTP Index WTP Index WTP Index WTP Index WTP 

Pedestrian refuge 6 £0.12 7 £0.17 9 £0.22 11 £0.31 13 £0.41 15 £0.51 

Straight signalised 0 £0.00 0 £0.00 0 £0.00 2 £0.00 4 £0.09 6 £0.19 

Staggered signalised 0 £0.00 0 £0.00 0 £0.00 1 £0.00 3 £0.00 6 £0.07 

Footbridge 2 £0.16           

High-quality footbridge 0 £0.05           

Underpass 11 £0.34           
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SHOPPING TRIPS 

ROAD TYPES 

Central 

reserv. 

Traffic 

density 

Traffic 

speed 

(mph) 

 Roads with 1 lane  Roads with 2 lanes  Roads with 3 lanes 

 Index 
Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 

Wide 

Low 

10  0 £0.00  21 £0.44  46 £1.20 

20  0 £0.00  21 £0.44  46 £1.20 

30  2 £0.00  23 £0.49  48 £1.26 

40  17 £0.32  38 £0.93  63 £1.69 

medium 

10  22 £0.48  42 £1.09  68 £1.85 

20  22 £0.48  42 £1.09  68 £1.85 

30  24 £0.53  44 £1.14  70 £1.90 

40  39 £0.97  59 £1.58  85 £2.34 

high 

10  31 £0.77  52 £1.38  77 £2.14 

20  31 £0.77  52 £1.38  77 £2.14 

30  33 £0.82  54 £1.43  79 £2.19 

Narrow 

low 

10  5 £0.00  26 £0.60  51 £1.36 

20  5 £0.00  26 £0.60  51 £1.36 

30  7 £0.00  28 £0.65  53 £1.41 

40  22 £0.48  43 £1.09  68 £1.85 

medium 

10  27 £0.64  47 £1.24  73 £2.01 

20  27 £0.64  47 £1.24  73 £2.01 

30  29 £0.69  49 £1.30  75 £2.06 

40  44 £1.13  64 £1.73  90 £2.50 

high 

10  36 £0.93  57 £1.54  82 £2.30 

20  36 £0.93  57 £1.54  82 £2.30 

30  38 £0.98  59 £1.59  84 £2.35 

No 

low 

10  11 £0.13  31 £0.73  57 £1.50 

20  11 £0.13  31 £0.73  57 £1.50 

30  13 £0.18  34 £0.79  59 £1.55 

40  28 £0.62  49 £1.22  74 £1.99 

medium 

10  32 £0.77  53 £1.38  79 £2.14 

20  32 £0.77  53 £1.38  79 £2.14 

30  35 £0.82  55 £1.43  81 £2.19 

40  50 £1.26  70 £1.87  96 £2.63 

high 

10  42 £1.06  62 £1.67  88 £2.43 

20  42 £1.06  62 £1.67  88 £2.43 

30  44 £1.12  65 £1.72  90 £2.49 
 

CROSSING FACILITIES 

 No wait 30 seconds 60 seconds 120 seconds 180 seconds 240 seconds 

 Index WTP Index WTP Index WTP Index WTP Index WTP Index WTP 

Pedestrian refuge 7 £0.04 9 £0.07 10 £0.11 13 £0.18 15 £0.25 18 £0.32 

Straight signalised 0 £0.00 0 £0.00 0 £0.00 2 £0.00 5 £0.00 8 £0.02 

Staggered signalised 0 £0.00 0 £0.00 0 £0.00 1 £0.00 3 £0.00 6 £0.00 

Footbridge 6 £0.00           

High-quality footbridge 6 £0.00           

Underpass 16 £0.20           
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LEISURE TRIPS 

ROAD TYPES 

Central 

reserv. 

Traffic 

density 

Traffic 

speed 

(mph) 

 Roads with 1 lane  Roads with 2 lanes  Roads with 3 lanes 

 Index 
Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 
 Index 

Willingness 

to pay (£) 

Wide 

Low 

10  0 £0.00  21 £0.57  49 £1.37 

20  0 £0.00  21 £0.57  49 £1.37 

30  3 £0.00  24 £0.62  52 £1.43 

40  18 £0.47  39 £1.06  67 £1.86 

medium 

10  22 £0.59  43 £1.18  71 £1.99 

20  22 £0.59  43 £1.18  71 £1.99 

30  25 £0.65  46 £1.24  74 £2.04 

40  40 £1.08  61 £1.67  89 £2.48 

high 

10  33 £0.92  54 £1.51  82 £2.31 

20  33 £0.92  54 £1.51  82 £2.31 

30  36 £0.97  57 £1.56  85 £2.37 

Narrow 

low 

10  7 £0.00  28 £0.68  56 £1.48 

20  7 £0.00  28 £0.68  56 £1.48 

30  10 £0.00  31 £0.73  59 £1.54 

40  25 £0.57  46 £1.16  74 £1.97 

medium 

10  29 £0.70  50 £1.29  78 £2.10 

20  29 £0.70  50 £1.29  78 £2.10 

30  32 £0.76  53 £1.35  81 £2.15 

40  47 £1.19  69 £1.78  96 £2.58 

high 

10  40 £1.02  61 £1.61  89 £2.42 

20  40 £1.02  61 £1.61  89 £2.42 

30  43 £1.08  64 £1.67  92 £2.48 

No 

low 

10  14 £0.33  35 £0.92  63 £1.72 

20  14 £0.33  35 £0.92  63 £1.72 

30  16 £0.38  38 £0.97  65 £1.78 

40  32 £0.81  53 £1.40  81 £2.21 

medium 

10  36 £0.94  57 £1.53  85 £2.34 

20  36 £0.94  57 £1.53  85 £2.34 

30  39 £1.00  60 £1.59  87 £2.39 

40  54 £1.43  75 £2.02  100 £2.82 

high 

10  47 £1.27  68 £1.85  96 £2.66 

20  47 £1.27  68 £1.85  96 £2.66 

30  49 £1.32  70 £1.91  98 £2.72 
 

CROSSING FACILITIES 

 Index WTP Index WTP Index WTP Index WTP Index WTP Index WTP 

Pedestrian refuge 8 £0.20 9 £0.24 10 £0.28 11 £0.36 13 £0.44 14 £0.51 

Straight signalised 0 £0.00 0 £0.00 0 £0.00 0 £0.00 1 £0.11 3 £0.19 

Staggered signalised 0 £0.00 0 £0.00 0 £0.00 0 £0.00 1 £0.00 2 £0.06 

Footbridge 4 £0.14           

High-quality footbridge 4 £0.15           

Underpass 13 £0.37           

 


