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Abstract

Background

Active travel has gained traction among policy makers as a promising solution to physical
inactivity. Returns on active travel investments, including cycling infrastructure, crucially rely
on resulting improvements in population behaviours. Estimating the expected economic
value that an additional regular cyclist will generate and being able to identify the behaviour
change required at the population level to offset the intervention costs is important to inform
future investment decisions.

Methods

The WHQO’s Health Economic Assessment Tool was employed to conduct a break-even
analysis. A case study methodology was used which focused on a real-world construction
project of a separated cycleway in the UK. The economic assessment considered physical
activity benefits, air pollution, crash risk and carbon emissions in monetary terms. An itera-
tive computational approach was applied to identify the behaviour change (cycling) require-
ments, and corresponding benefits valued using international dollars, to break even on the
investment costs. Sensitivity analyses were conducted to assess robustness of the base-
case results.

Results

Over a ten-year time horizon, an additional regular cyclist (i.e., someone cycling most days
of the week) was found to generate $798 (£533) per annum (international dollars). An addi-
tional 267 regular cyclists per km were required to break even on the construction of the new
separated cycleway. Estimates were particularly sensitive to variations to age, cycling vol-
ume and evaluation time horizon.

Conclusions

Policymakers planning to invest in cycling infrastructure should consider using these repro-
ducible, order-of-magnitude estimates to complement the more comprehensive transport
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appraisal and budget allocation processes. This would ensure that, when considering its
health-related economic benefits, the investment is justifiable on economic sustainability
grounds.

Introduction

Physical inactivity is a major public health issue for many countries around the world [1].
Large sections of the population are insufficiently active [2], putting undue pressure on
national health systems and budgets [3]. Physical inactivity is a leading risk factor for noncom-
municable diseases and mortality [4]. It increases the risk of several chronic health conditions,
including type II diabetes [5], cardiovascular disease [6], colorectal cancer [7] and depression
[8]. The global cost of physical inactivity to healthcare systems alone has been conservatively
estimated at $53.8 (international dollars) billion in 2013 [9], with the negative health conse-
quences being borne disproportionately by more disadvantaged groups [10]. In the United
Kingdom (UK), this annual cost to society reaches £7.4 billion, including £0.9 billion to the
National Health Service [11].

To tackle this issue, national and local governments have implemented a wide range of pop-
ulation-level interventions aimed to improve physical activity behaviours among adults, with
relative success to date [12]. However, increasing recognition has been given to the complexi-
ties of improving physical activity behaviours and that individuals are more likely to stay active
if they engage in activities that can easily fit into their daily schedules (i.e., incidental physical
activity) [13]. In response to this, a growing interest has emerged among policymakers on the
role of local public transport and provision for active travel (that is, making journeys by physi-
cally active means) for boosting incidental physical activity, in particular cycling, and reducing
adverse environmental impacts [14]. Increasing the currently relatively low rates of regular
cycling [15] (i.e., cycling on most days of the week), has the potential to generate population
health and wider societal and sustainable environmental benefits, such as impacts on carbon
emissions, traffic congestion and air pollution [16].

In recent years, a considerable number of new cycling infrastructures have either been built
or planned to be developed across Europe. For example, in Italy, the Metropolitan City of
Milan has approved the ‘Cambio cycling mobility plan” which is aimed to create 750 km of
cycle paths by 2035, connecting the entire city and its surroundings [17]. In France, the budget
for the ‘Paris Plan Velo’ project, which aims to make the French capital a 100% cycling city by
2026, has seen a budget increase of €250 million [18]. A similar pattern has emerged in the
UK, where ambitious national and local active travel policy goals have been set [19], and more
than £300 million have been allocated as part of an emergency active travel fund to build or
improve existing cycling facilities with the aim of reducing pressure on public transport and
supporting increase in active travel [20].

However, altering or creating new cycling infrastructure not only entails logistics and geo-
metric feasibility-related issues [21], but typically requires large capital investment and so eval-
uating under what conditions these investments are economically worthwhile becomes
critical. The potential returns on these investments crucially rely on the induced changes in
physical activity behaviours within the local population and how these are sustained over time
[22]. In a context of limited resources, identifying the minimum levels of behaviour change
required for generating societal benefits that are sufficient to offset the intervention costs is
important to inform future policy decisions and health-promotive actions. To address this
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proposition and provide context to the findings, a break-even analysis of a case study cycling
network expansion project planned in Coventry (UK) was conducted.

Methods
Case study

A 6-km cycleway expansion has been planned in the form of the creation of a separated cycle-
way extending from Coventry city centre to the west side of the city [23]. Coventry is located
in the West Midlands (UK) and has a population of 379,387 residents with a relatively young
population; just over 65% of adults are of working age and one-third of the population are
from minority ethnic groups [24]. This cycleway project is managed by the local City Council
and is a regional priority route which will form part of a broader network of cycling trails in
the West Midlands. Part of the route has existing cycle lanes, whereas other sections have no
provision for cycling. The cost of the intervention has been estimated at £8,594,000 (2022
prices) which will be covered by a range of regional active travel and transport funds. Con-
struction works started in mid-January 2022 and is scheduled to be completed by summer
2023 [25].

Economic modelling

Focusing on the health-related benefits of cycling, the Health Economic Assessment Tool
(HEAT, v5.0.6, November 2021) was used to address the decision problem of identifying the
increase in cycling levels that would be required to achieve a benefit-cost ratio (BCR) of 1:1.
The BCR is calculated as the ratio between the health-related economic benefits of the inter-
vention resulting from changes in cycling behaviour offset by the intervention cost, that is the
cost of constructing the new cycleway. The HEAT has been developed by the World Health
Organization and is a quantitative tool which can estimate the monetary value of incremental
benefits and risks (i.e., mortality) associated with changes in specific types of active travel-
related behaviours (i.e., cycling and walking) and exposures (e.g., pollutants) in a specific geo-
graphical location and population over a defined period of time [26]. No ethical approval was
required for this study as this is a model-based simulation which used aggregate-level, second-
ary data that were analysed anonymously.

Within the HEAT model v5.0.6, the impact of the cycling infrastructure is captured by mea-
suring outcomes across four domains: physical activity benefits, air pollution risk, crash risk
and carbon emissions, and all of these are assumed to emerge from making changes to popula-
tion cycling levels and switching from motorized modes of transport. Cycling levels are mea-
sured both before and after the intervention, using five levels from ‘Daily or almost daily’
(regular cyclist) to ‘Never’. The carbon emissions are captured by using the additional costs
(cost-savings) to society calculated based on damage cost estimates. These are the monetized
value of the global damage caused by the incremental impact of an additional tonne of CO2
emitted [27]. The other three domains are directly captured from changes to mortality risk
estimated using the value of a statistical life (VSL) approach.

VSL is an approach, often used in the transport sector, which aims to estimate the popula-
tion’s willingness-to-pay for a reduction in mortality risk [28]. As required for BCR calcula-
tions using HEAT, the intervention costs (£8,594,000) were converted to international dollars
($), also referred to as purchasing power parities (PPP), using a 0.667865 coefficient [29], to
$12,800,491. PPP is a well-established metric which allows for economic values expressed in
different currencies to be adjusted by controlling for price level differences between countries
so that they can be at par with the purchasing power of each other [30].
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Break-even economic analysis

A break-even analysis is commonly applied to determine the unit price of a product at which a
company will break even [31]. This accounting method determines the point at which total
costs and total revenues are equal. The break-even point is derived by dividing the fixed costs
by the revenue generated (sales price per unit minus variable cost per unit). To determine the
break even point in this study, this approach was adapted by defining the revenue generated as
the societal benefit measured in monetary terms from increasing population cycling levels
using the HEAT tool.

An iterative computational approach [32] was applied to identify the behaviour change
required to offset the investment costs. Specifically, starting from a base-case behaviour change
value, a sequence of improving approximate solutions were iteratively generated until a BCR
of 1:1 was identified. The base-case settings and model assumptions are detailed in S1
Appendix.

Following the categorisation of cycling used in the HEAT tool (daily or almost daily, one to
three days a week, one to three days a month, less than once a month, never), model simula-
tions were carried out to identify the break even point for a shift from each of the bottom four
categories to the top (i.e., cycling daily or almost daily). Model results were reported separately
and on average, that is by averaging across the four categories.

The model simulated the intervention impact on the relevant subset of the adult population,
that is among residents aged at least 18 years old who lived in proximity of the planned cycle-
way, who were therefore more likely to benefit from this intervention (i.e., local population
subset) [33]. For the purpose of this analysis, a two-mile radius from the cycleway was consid-
ered as the intervention “catchment area” [34], which encompasses 12 of the 18 electoral
wards in Coventry, with an estimated local adult population of 173,169 [35]. A 400% increase
in the number of adults cycling daily or almost daily (herein referred to as ‘regular cyclists’,
from 1% to 5%) was set as the base-case value of change in cycling levels for model simulation,
in line with current local cycling goals [36]. This assumed that the number and length of trips
remained constant. As for the remaining cycling levels, Table 1 shows the assumed ‘pre-con-
struction’ distribution of the local population subset, based on published statistics [37] and the
classification used within the HEAT tool.

Base-case model assumptions. The HEAT default and background model parameters
were applied for the base-case scenario simulation [26]. Briefly, it was assumed that it would
take one year from the end of construction to reach a maximum steady-state (‘take-up time’)
cycling level, and that 50% of this behaviour would occur while being exposed to air pollution
in moderate levels of traffic congestion. Based on default values provided by the HEAT, modal
shifts from alternative means of transport were assumed to derive from the following: 50%
from public transport, 30% from car and 20% from walking. International $ was used as the
currency to allow for cross-country comparisons [38]. Costs and benefits were discounted at

Table 1. ‘Pre-construction’ cycling levels in the local population subset (N = 173,169).

Cycling level Frequency Proportion
1 daily or almost daily 1%
2 one to three days a week 9%
3 one to three days a month 15%
4 less than once a month 25%
5 Never 50%

Note: The HEAT requires the user to input a percentage estimate for each of the five levels

https://doi.org/10.1371/journal.pone.0284634.t001
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an annual 5% rate and the value of a statistical life was set at international $4,260,000
(£2,845,773). Additional model assumptions are detailed in the HEAT technical appendix
[26]. All the four dimensions described above (physical activity benefits, air pollution risk,
crash risk and carbon emissions) were considered over a ten-year time horizon to align with
current active travel targets by the regional authority for transport [35].

Sensitivity analysis. By default, the HEAT applies several values and assumptions that are
based on the best available evidence and expert consensus [26]. However, this tool also allows
the users to override default values and assumptions, although some only within predefined
ranges / categories. In line with previous research using the HEAT [39] and following method
guidance on health economic assessments of population health interventions to inform deci-
sion-making [40], the base-case results were tested for sensitivity to variations to: age of the
target population (20-44 and 45-64 years old cohorts), VSL (+/-20%), discount rate (+/-
1.50%), time horizon (5 and 15 years), as well as considered cycling outcome measures (i.e.,
+/-20% trip length and number of trips), take-up time (two, three and five years) and modal
shift-related assumptions (i.e., proportion of people shifting from other means of transport
and proportion cycling ‘in traffic’). For each variation, both the respective new BCR and addi-
tional change in cycling behaviour-from the level 2 to the first cycling category-required to
reach a break-even were estimated.

Results
Break even analysis

The estimated change in cycling levels required to break even on the intervention cost
($12,800,491) under base-case assumptions are shown in Table 2. This table presents four sce-
narios, each depicting the number and proportion of adults required to change behaviour
from different baseline cycling levels. For example, in scenario 1, the model depicts how many
adults are required to break even when the shift is focused on adults moving from Level 2 -
cycling one to three days a week (at baseline) to Level 1 —cycling daily or almost daily (over ten
years).

On average, an additional 1,604 (that is, 0.924% of 173,649) regular cyclists (cycling every
day or almost daily) were found to be required to reach a BCR of 1:1. That is 267 cyclists per
km of cycleway constructed. In monetary value, therefore, this corresponds to an annual $798
(£ 533) generated per additional regular cyclist over a ten-year time horizon.

Table 2 shows that, depending on the baseline cycling level, ranging from Level 5 (never
cycle) to Level 2 (cycle one to three days a week), the number of regular cyclists required to
break even ranges across scenarios from 1,373 (0.793%) to 2,151 (1.242%). These results
show the decreasing marginal benefit from improving cycling among those who never
cycled compared to those who already occasionally cycled, where a 56% difference in the
number of new regular cyclists emerges. Table 2 also shows that the benefits induced by
increased physical activity levels contributed the most to the total economic gain and that
these benefits were attenuated by negative effects from increased crash risk and exposure to
air pollution.

The relative contribution of the four domains changed only marginally across the shifting
of cycling categories, with physical activity benefits contributing more and air pollution con-
tributing less, in relative terms, as the model moved towards the ‘never’ cycling category and
with this difference being undetectable between the fourth and fifth baseline cycling category.
Moreover, Table 2 shows that the additional economic value generated by lower carbon emis-
sions represented only a fraction (~0.5%) of the total economic impact.
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Table 2. Break even point estimates of increase in regular cyclists (level 1).

N=173,169 Break even point Economic impact
Post-intervention cycling levels Additional value deaths additional value Domain
Scenario 1 -shift from level 2 daily or almost daily 2.242% -5.00 $ 15,743,658 Physical activity benefits
one to three days a week 7.758% 0.26 $-801,133 Air pollution
one to three days a month 15% 0.68 $-2,212,084 Crash risk
less than once a month 25% tons of CO2 | additional value Carbon emissions
never 50% -721 $ 70,049
Required behaviour change | New regular cyclists
1.242% 2,151
Post-intervention cycling levels Additional value deaths additional value Domain
Scenario 2—Shift from level 3 daily or almost daily 1.863% -5.00 $ 15,763,533 Physical activity benefits
one to three days a week 9% 0.25 $-803,237 Air pollution
one to three days a month 14.137% 0.67 $-2,229,988 Crash risk
less than once a month 25% tons of CO2 | additional value Carbon emissions
never 50% -717 $ 70,183
Required behaviour change | New regular cyclists
0.863% 1,494
Post-intervention cycling levels Additional value deaths additional value Domain
Scenario 3—Shift from level 4 daily or almost daily 1.808% -5.00 $ 15,764,522 Physical activity benefits
one to three days a week 9% 0.25 $ -805,296 Air pollution
one to three days a month 15% 0.67 $-2,229,124 Crash risk
less than once a month 24.192% tons of CO2 | additional value Carbon emissions
never 50% -719 $ 70,388
Required behaviour change | New regular cyclists
0.808% 1,399
Post-intervention cycling levels Additional value deaths additional value Domain
Scenario 4—Shift from level 5 daily or almost daily 1.793% -5.00 $ 15,764,522 Physical activity benefits
one to three days a week 9% 0.25 $ -805,296 Air pollution
one to three days a month 15% 0.67 $-2,229,124 Crash risk
less than once a month 25% tons of CO2 | additional value Carbon emissions
never 49.207% -719 $ 70,388

Required behaviour change

New regular cyclists

0.793%

1,373

https://doi.org/10.1371/journal.pone.0284634.t1002

Sensitivity analysis

Table 3 shows that the base-case estimates were sensitive to variations to the age group and

time horizon of the evaluation, as indicated by the respective BCRs deviating the most from
the equilibrium value of 1.00. Compared to the base-case, if the change in behaviour was only
within adults aged between 20 and 44 years, an extra 11,949 adults would be needed to break
even, instead of the 2,151 adults within the base-case. That is 5.6 times as many adults would
be required to transition from cycling between level 2 (one and three days a week), to level 1

(at least four days a week). Furthermore, if the time horizon is shortened from 10 to 5 years,
then 3,183 more regular cyclists (Level 1) would be required to break even.

A 20% change to either the VSL, the baseline trip length or number of trips corresponded
to a somewhat comparable change to the number of adults required to change behaviour. If,

however, the 1,604 increment in regular cyclists was to be combined with a 20% reduction
either in the average trip length or number of trips, then that would not suffice to offset the
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Table 3. Sensitivity analysis.

Model parameters and
assumptions

Age group

Value of Statistical Life

Discount rate
Time horizon
Cycling Baseline trip length per day

outcomes
Baseline number of trips per
day
Post trip length

Post number of trips per day

Take-up time for active travel
demand

Proportion “in traffic”

Variation | BCR | Population % of regular Absolute number of additional n. of regular cyclists
cyclists regular cyclists relative to base-case
20-44 | 0.173 7.900% 13,680 9,798
years
45-64 1.976 1.615% 2,797 -1,086
years
$ 0.805 2.550% 4,416 533
3,408,800
$ 1.203 2.035% 3,524 -358
5,113,200
6.50% | 0.914 2.350% 4,069 187
3.50% 1.094 2.130% 3,688 -194
5years | 0.403 4.080% 7,065 3,183
15 years | 1.469 1.845% 3,195 -687
3.28km |0.797 2.550% 4,416 533
4.92km |1.203 2.035% 3,524 -358
1.6 trips | 0.797 2.550% 4,416 533
2.4 trips | 1.203 2.035% 3,524 -358
3.28km |0.722 4.910% 8,503 4,620
492km |2.726 0.458% 793 -3,089
1.6 trips | 0.722 4.910% 8,503 4,620
2.4 trips | 2.726 0.458% 793 -3,089
2years | 0.922 2.340% 4,052 170
3years |0.851 2.455% 4,251 369
5years | 0.713 2.745% 4,753 871
100.00% | 0.977 2.280% 3,948 66

Note: Base-case number of extra cyclists required to reach a 1:1 BCR = 2,151. BCR = benefit-cost ratio. y = years.

https://doi.org/10.1371/journal.pone.0284634.t1003

intervention cost (BCR = 0.722). In that case, 4,620 extra regular cyclists would be required.
Conversely, if either the average trip length or number of trips increased by 20%, then 938
fewer regular cyclists (that is a shift from 1% to 0.458% level 1) would be required to break
even.

Table 3 also shows how the BCR decreases as the assumed take-up time for active travel is
more conservative, from 0.922 at two years to 0.713 at five years, an additional 871 regular
cyclists will be required to offset the cost of the investment over a ten-year time horizon. Due
to the low marginal contribution from reducing carbon emissions on the total economic
impact, any assumptions linked to the modal shifts had either a limited or no impact (propor-
tion of people shifting from other means of transport) on the base-case results.

Discussion

The aim of this paper was to estimate the value generated from each additional regular cyclist
to enable an estimation of the population behaviour change requirement to justify investing in
cycling infrastructure. To this end, a break-even analysis was conducted of a planned cycling
infrastructure project taking place in Coventry (UK), and the number and proportion of new
regular cyclists needed for the intervention cost to be offset by the economic gains generated.
The model estimated that each additional regular cyclist generated, on average, interna-

tional $798 (£533), per year, over a ten-year time horizon. Therefore, to achieve a benefit-cost
ratio of 1:1 on the construction of a 6 km-long separated cycleway, an additional 1,604 regular
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cyclists, that is 267 cyclists per km of cycleway constructed, would be required. This will be
20% lower or higher depending on baseline cycling levels. These estimates, however, are par-
ticularly sensitive to variations to assumptions made such as the age group, cycling volume
(trip length and number of trips) and evaluation time horizon.

Comparison with previous studies

To the best of our knowledge, this is the first break-even economic analysis of a cycling infra-
structure investment and more broadly a physical activity promotion intervention [41]. An
example of such type of assessment can be found within the obesity literature, where Bates

et al. (2022) estimated the maximum justifiable cost for a weight loss maintenance intervention
for individuals at different BMI and type II diabetes risk [42]. Similarly, our model estimated
the expected economic value of an additional regular cyclist and the proportion and number
of cyclists required to achieve a BCR of 1:1 depending on four baseline cycling levels. A grow-
ing literature on the economic implications of cycling interventions and policies, predomi-
nantly cycling infrastructure, has rapidly accumulated over the last two decades, with the
evaluation scope shifting from transport-related outcomes (e.g., traffic congestion and crash
risk) [43] to include health effects, namely, physical activity benefits and exposure to air pollu-
tion and carbon emissions [44, 45]. Overall, most of the evaluated planned or implemented
cycling infrastructure interventions have been found to provide good value for money, either
in the form of BCRs greater than one or incremental cost-effectiveness ratios below the given
willingness to pay threshold for an additional quality- or disability-adjusted life year.

As an example of an economic analysis from the UK using the HEAT tool, Cope et al.
(2010) assessed the return on investment of the English Cycling Demonstration Town invest-
ment programme [46]. This programme consisted of a combination of physical infrastructure,
promotion and other smart measures and, with an estimated cost of £18 million over three
years (2005-2007), was found to generate a 2.6 to 3.5:1 BCR. Another evaluation where the
HEAT tool was applied was that by Deenihan and Caulfield (2014), who examined the health
and economic benefits from the construction of a new separated cycleway in Ireland [47]. This
cycle route was planned along a disused towpath of a canal approximately 60 km long and
fully separated from any vehicular traffic, with an estimated €12,000,000 in construction costs.
The authors estimated that the investment would lead to benefit-cost ratios ranging between
2.22:1 and 11.77:1. A recent study by Whitehurst et al (2021) used the HEAT to assess the
health-related economic impact of bicycle infrastructure investments in three Canadian cities
(Victoria, Kelowna and Halifax). Using scenario analysis, these authors estimated the BCRs to
be between 1.7:1 (Victoria) and 2.1:1 (Halifax) under a 2%, and 3.9:1 (Victoria) and 4.9:1 (Hal-
ifax), under a 5% increase in bicycling mode share scenarios.

Two recent economic analyses from Sweden and Norway focused the economic evaluation
on the healthcare cost implications and long-term impacts on morbidity and mortality quanti-
fied in disability- and quality-adjusted life years, respectively. Kriit et al. (2019) assessed the
cost-effectiveness of a €101 million investment in urban cycling infrastructure proposed by
the local municipality in Stockholm who aimed to achieve a 15% increase in the number of
cycling commuters by 2030 [48]. For this analysis, the authors used a comparative risk assess-
ment approach whereby the number of attributable disability-adjusted life years and long-
term healthcare costs (added and averted) due to a change in physical activity, air pollution
and traffic accidents from an estimated number of additional cyclists were computed and
found that the intervention was cost-effective from a healthcare sector perspective. Compara-
bly, Lamu at al. (2021) assessed the cost-effectiveness of expanding the current cycle network
in Oslo by 100km at $3.5 million per km and an annual maintenance cost of 7% by developing
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a state-transition Markov model to simulate the impact of changes in cycling, and therefore
overall physical activity levels, on four related diseases (cancer, coronary heart disease, stroke
and type II diabetes) and associated costs and quality-adjusted life years [49]. Compared to no
intervention, the 100km cycling expansion program was deemed cost-effective, at an incre-
mental $16,575 per quality-adjusted life year gained.

There are methodological variations between these economic studies that used the HEAT
in terms of modelling methods and assumptions which limits the comparability of study find-
ings. With this study, an alternative way of using the HEAT model has been presented that
offers an ex-ante analysis to estimate the number of additional cyclists required to break even
when some of the expected health-related economic benefits of the cycling infrastructure
investment are considered. This provides useful policy information so that decision makers
know in advance what level of behaviour change is required to justify investment in cycling
infrastructure.

Strengths and limitations

However, while the sensitivity of break-even results was explored, in practice, constructing a
new cycleway will likely attract change in behaviour from a combination of the four baseline
levels. In addition, and in common with previous HEAT-based modelling studies [50], the
model lacked a probabilistic sensitivity analysis which would have quantified the level of confi-
dence in the outputs in relation to the combined uncertainty in the model inputs. This was not
possible as the HEAT tool, in its current form, does not include this function or an option for
model adaptation.

As a model-based assessment, the presented estimates are a function of the structural
parameters and assumptions underlying the economic model employed. The HEAT is built
using a comparative risk assessment approach, based on aggregate, population-level data,
where a direct comparison between two steady states (i.e., base-case vs the intervention) is
made without formally modelling recurrent events or interactions between individuals and
their environment [51]. Model accuracy may be therefore hindered. Nonetheless, HEAT pro-
vides an important tool to conduct early economic modelling and break even analyses of
cycling interventions [52], such as that reported in this study. As acknowledged by its authors,
this tool aims to provide rough order-of-magnitude estimates that are sufficiently accurate and
precise enough to support the necessary political discourse around the value of investments in
active travel [26].

The model presented in this paper only considered mortality impacts mediated by changes
to physical activity, crash risk and air pollution exposure and only cycling behaviours. There-
fore, the estimates are likely to be conservative as they do not consider health and wellbeing
morbidity effects. When deciding which tool to use to conduct the analysis, among different
criteria including relevance, model accuracy and flexibility, primary importance was given to
transparency and reproducibility of findings which are crucial to strengthen evidence and
build upon existing work [53]. In fact, other open-access health assessment tools focusing on
cycling behaviour exist. However, in their current versions, these tools either consider a mere
health perspective (i.e., chronic disease reduction risk) [54], or do not formally account for the
investment costs, hence limiting the ability of users to derive BCR ratios [55]. Furthermore, as
well as being regularly updated over the years, the HEAT has been widely applied across a
large number of countries and been endorsed by government agencies around the world [50].
This tool is designed for non-expert users with little expertise in the active travel field, such as
policymakers whose informing processes and decision-making practices this study aims to
influence.
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The generalisability of the results to different decision-making contexts depends upon a
number of modelling assumptions and key contextual factors. Regarding the approximate esti-
mate of the number of new regular cyclists required to break even on the construction of a
new separated cycleway, the 1,604 value (267 per km) was calculated based on intervention
costs measured in purchasing power parity (PPP) terms. Nevertheless, PPP is only a proxy
adjustment factor and differences in consumption and production patterns between countries
make the identification of a common ‘standard’ basket of goods difficult [56]. Moreover, unit
costs per km constructed are unlikely to be homogeneous between settings, as they tend to be
largely dependent on the specific site (e.g., along a canal, across a park or alongside a road) and
location (e.g., rural or urban) in which the cycling infrastructure is constructed.

Contextual factors will also play a key moderating role on the benefits. Different traffic con-
ditions, and consequent air pollution and crash risk to which cyclists are exposed to when
using the new infrastructure will impact the economic gains and therefore the additional value
per new cyclist. In this respect, the HEAT provides a flexible tool to allow analysts to specify
both the geographical scale (e.g., national, city or sub-city level) and location from countries
and regions around the world, and therefore conduct health impact assessments using local-
level data. Furthermore, the tool includes location-specific air pollution exposure and crash
risks derived from literature reviews and evidence syntheses, hence allowing for accurate eco-
nomic estimations of these effects.

The extent of economic gain depends on the value assigned to the modelled end point, that
is mortality. At the time of writing, the HEAT did not account for other relevant health effects
such as morbidity, although plans are in place to address this limitation [26]. By focusing only
on some of the health-related economic benefits, this study took a relative narrow perspective
in that it did not include other economically relevant non-health effects, such as time savings
benefits and disbenefits which have the potential to significantly affect the presented estimates
[57]. Hence, careful consideration needs to be given when using these results as input for
future business cases and other applications. In addition, this study is also narrow in scope-
e.g., by only considering the health impacts on adults—and only complements the more com-
plex and comprehensive transport appraisal methodology [58] which is typically used by pol-
icy-makers, including local authorities, to support active travel investment decisions.

Other economic modelling tools comparable to the HEAT have been developed. These
include the Impacts of Cycling Tool (ICT) [59], which is an open source model with a web
interface for visualising travel patterns in England and compares the impact of different
cycling uptake levels at the population level and across subgroups. The ICT however does not
formally consider the increased exposure to air pollution and crash risks from increased
cycling, nor it allows for cost-benefit assessments to be conducted. Another available tool is
the Integrated Transport and Health Impact Modelling Tool (ITHIM) [54] which enables inte-
grated assessments of the health effects of transport scenarios and policies at the urban and
national level. While comparable in scope to the HEAT, within the ITHIM, the health effects
are presented both as number of attributable deaths (similar to the HEAT) and disability-
adjusted life-years, with background burden data for study areas being estimated from Global
Burden of Disease studies [60]. Several international research and policy collaborations involv-
ing the ITHIM are underway and future plans include making its model and its multiple ver-
sions open source [54].

Transport studies typically use a VSL approach derived using willingness to pay methods.
However, other valuation approaches typify public health decision-making contexts where
extra-welfarism dominates [61]. Indeed, in line with previous work [62, 63] and transcending
traditional welfarism, this study focused on health as a merit good. Furthermore, in the UK
and increasingly in many countries around the world, recognition has been given to the
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importance and social value of reducing existing unfair and unjust health inequalities which
could not be incorporated into this analysis. While a growing body of empirical literature has
been generated [64], a recent example is the study by Lamu et al. (2021), for which the
researchers developed a decision-analytic model to assess the cost-effectiveness of the inter-
vention by socio-economic status and under what circumstances the intervention would
reduce baseline inequality and increase social welfare.

Despite these contributions to the cost-effectiveness literature on cycling interventions, it is
important to note that, in practice, at the local level active travel investment decisions are not
often based on such evidence [65]. This may be due to the large number of contextual factors
that can affect the decision, in particular the type of project being evaluated. Against this back-
drop, the break-even analysis results presented here could be used to inform the planning and
budgeting of future cycling infrastructure investments.

Conclusions

Policymakers should consider using these approximate order-of-magnitude, yet reproducible
estimates to set corresponding population cycling targets when planning the creation or
enhancement of cycling infrastructure. This will ensure that the investment is justifiable from
an economic sustainability perspective on cost-neutrality grounds. Future research should
consider using the economic modelling approach illustrated in this study to build a relevant
evidence base for decision-makers and replicating the analysis for other intervention contexts
and healthy behaviours.

Supporting information

S1 Appendix. Default and background input parameters and assumptions applied for
base-case analysis.
(DOCX)

Author Contributions

Data curation: Paolo Candio.

Formal analysis: Paolo Candio.
Investigation: Paolo Candio.
Methodology: Paolo Candio.

Project administration: Paolo Candio.
Software: Paolo Candio.

Validation: Paolo Candio.
Visualization: Paolo Candio.

Writing - original draft: Paolo Candio.

Writing - review & editing: Paolo Candio, Emma Frew.

References

1.  World Health Organization. Global Action Plan on Physical Activity 2018—-2030: more active people for
a healthier world 2018 [Available from: https://apps.who.int/iris/bitstream/handle/10665/272722/
9789241514187-eng.pdf accessed 17.05.2022].

PLOS ONE | https://doi.org/10.1371/journal.pone.0284634  April 19, 2023 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0284634.s001
https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf
https://doi.org/10.1371/journal.pone.0284634

PLOS ONE

How much behaviour change to break even on cycling investment?

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

World Health Organisation Physical Activity Fact Sheet. 2020. [Available from: https://www.who.int/
news-room/fact-sheets/detail/physical-activity accessed 15.03.2023].

Ding D, Kolbe-Alexander T, Nguyen B, et al. The economic burden of physical inactivity: a systematic
review and critical appraisal. British Journal of Sports Medicine. https://doi.org/10.1136/bjsports-2016-
097385 PMID: 28446455

Katzmarzyk PT, Friedenreich C, Shiroma EJ, et al. Physical inactivity and non-communicable disease
burden in low-income, middle-income and high-income countries. British Journal of Sports Medicine
2022. https://doi.org/10.1136/bjsports-2020-103640 PMID: 33782046

Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ. Physical activity and the risk of type 2 diabetes: a
systematic review and dose-response meta-analysis. Eur J Epidemiol. 2015. https://doi.org/10.1007/
$10654-015-0056-z PMID: 26092138

Li J, Siegrist J. Physical activity and risk of cardiovascular disease—a meta-analysis of prospective
cohort studies. Int J Environ Res Public Health. 2012. https://doi.org/10.3390/ijerph9020391 PMID:
22470299

Shaw E, Farris MS, Stone CR, Derksen JWG, Johnson R, Hilsden RJ, et al. Effects of physical activity
on colorectal cancer risk among family history and body mass index subgroups: a systematic review
and meta-analysis. BMC Cancer. 2018. https://doi.org/10.1186/s12885-017-3970-5 PMID: 29325535

Zhai L, Zhang Y, Zhang D. Sedentary behaviour and the risk of depression: a meta-analysis. Br. J.
Sports Med. 2015. https://doi.org/10.1136/bjsports-2014-093613 PMID: 25183627

Ding D, Lawson KD, Kolbe-Alexander TL, et al. The economic burden of physical inactivity: a global
analysis of major non-communicable diseases. Lancet (London, England). 2016. https://doi.org/10.
1016/S0140-6736(16)30383-X PMID: 27475266

Farrell L, Hollingsworth B, Propper C et al. The socioeconomic gradient in physical inactivity: evidence
from one million adults in England. Soc Sci Med. 2014. https://doi.org/10.1016/j.socscimed.2014.10.
039 PMID: 25462605

Office for Health Improvement & Disparities. Physical activity: applying All Our Health. 2022. [Available
from: https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-
activity-applying-all-our-health#:~:text=Physical%20inactivity%20is %20associated%20with,35%25%
20less%20active%20by%202030 accessed 17.05.2022].

Plotnikoff R.C., Costigan S.A., Williams R.L. et al. Effectiveness of interventions targeting physical activ-
ity, nutrition and healthy weight for university and college students: a systematic review and meta-analy-
sis. Int J Behav Nutr Phys Act. 2015. https://doi.org/10.1186/s12966-015-0203-7 PMID: 25890337

Public Health England. Health matters: getting every adult active every day. 2016. [Available from:
https://www.gov.uk/government/publications/health-matters-getting-every-adult-active-every-day/
health-matters-getting-every-adult-active-every-day accessed 17.05.2022].

European Parliamentary Research Service. Moving cycling forward: A coordinated approach to cycling
for local and regional authorities in the EU 2016 [Available from: https://www.europarl.europa.eu/
RegData/etudes/IDAN/2016/582033/EPRS_IDA(2016)582033_EN.pdf accessed 17.05.2022].

European Cyclists’ Federation. Cycling barometer [Available from: https://ecf.com/resources/cycling-
facts-and-figures/ecf-cycling-barometer accessed 17.05.2022].

Gotschi T, Kahlmeier S, Castro A, et al. Integrated Impact Assessment of Active Travel: Expanding the
Scope of the Health Economic Assessment Tool (HEAT) for Walking and Cycling. Int J Environ Res
Public Health. 2020. https://doi.org/10.3390/ijerph17207361 PMID: 33050184

European Cyclists’ Federation. Cambio cycle network: Milan plans a real change towards more active
mobility 2022 [Available from: https://ecf.com/news-and-events/news/cambio-cycle-network-milan-
plans-real-change-towards-more-active-mobility accessed 17.05.2022].

European Cyclists’ Federation. Ambitious plan will make Paris a 100% cycling city by 2026 2021 [Avail-
able from: https://ecf.com/news-and-events/news/ambitious-plan-will-make-paris-100-cycling-city-
2026 accessed 17.05.2022].

House of Commons Library. Active travel: Trends, policy and funding 2020 [Available from: https://
researchbriefings.files.parliament.uk/documents/CBP-8615/CBP-8615.pdf accessed 17.05.2022].

UK Parliament. Active travel: increasing levels of walking and cycling in England 2019 [Available:https://
publications.parliament.uk/pa/cm201719/cmselect/cmtrans/1487/148708.htm accessed 17.05.2022].

Di Mascio P, Fusco G, Grappasonni G, Moretti L, Ragnoli A. Geometrical and Functional Criteria as a
Methodological Approach to Implement a New Cycle Path in an Existing Urban Road Network: A Case
Study in Rome. Sustainability. https://doi.org/10.3390/su10082951.

Candio P, Pouwels KB, Meads D, et al. Modelling decay in effectiveness for evaluation of behaviour
change interventions: a tutorial for public health economists. Eur J Health Econ 2021. https://doi.org/10.
1007/s10198-021-01417-7.

PLOS ONE | https://doi.org/10.1371/journal.pone.0284634  April 19, 2023 12/14


https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.1136/bjsports-2016-097385
https://doi.org/10.1136/bjsports-2016-097385
http://www.ncbi.nlm.nih.gov/pubmed/28446455
https://doi.org/10.1136/bjsports-2020-103640
http://www.ncbi.nlm.nih.gov/pubmed/33782046
https://doi.org/10.1007/s10654-015-0056-z
https://doi.org/10.1007/s10654-015-0056-z
http://www.ncbi.nlm.nih.gov/pubmed/26092138
https://doi.org/10.3390/ijerph9020391
http://www.ncbi.nlm.nih.gov/pubmed/22470299
https://doi.org/10.1186/s12885-017-3970-5
http://www.ncbi.nlm.nih.gov/pubmed/29325535
https://doi.org/10.1136/bjsports-2014-093613
http://www.ncbi.nlm.nih.gov/pubmed/25183627
https://doi.org/10.1016/S0140-6736%2816%2930383-X
https://doi.org/10.1016/S0140-6736%2816%2930383-X
http://www.ncbi.nlm.nih.gov/pubmed/27475266
https://doi.org/10.1016/j.socscimed.2014.10.039
https://doi.org/10.1016/j.socscimed.2014.10.039
http://www.ncbi.nlm.nih.gov/pubmed/25462605
https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health#:~:text=Physical%20inactivity%20is%20associated%20with,35%25%20less%20active%20by%202030
https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health#:~:text=Physical%20inactivity%20is%20associated%20with,35%25%20less%20active%20by%202030
https://www.gov.uk/government/publications/physical-activity-applying-all-our-health/physical-activity-applying-all-our-health#:~:text=Physical%20inactivity%20is%20associated%20with,35%25%20less%20active%20by%202030
https://doi.org/10.1186/s12966-015-0203-7
http://www.ncbi.nlm.nih.gov/pubmed/25890337
https://www.gov.uk/government/publications/health-matters-getting-every-adult-active-every-day/health-matters-getting-every-adult-active-every-day
https://www.gov.uk/government/publications/health-matters-getting-every-adult-active-every-day/health-matters-getting-every-adult-active-every-day
https://www.europarl.europa.eu/RegData/etudes/IDAN/2016/582033/EPRS_IDA(2016)582033_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2016/582033/EPRS_IDA(2016)582033_EN.pdf
https://ecf.com/resources/cycling-facts-and-figures/ecf-cycling-barometer
https://ecf.com/resources/cycling-facts-and-figures/ecf-cycling-barometer
https://doi.org/10.3390/ijerph17207361
http://www.ncbi.nlm.nih.gov/pubmed/33050184
https://ecf.com/news-and-events/news/cambio-cycle-network-milan-plans-real-change-towards-more-active-mobility
https://ecf.com/news-and-events/news/cambio-cycle-network-milan-plans-real-change-towards-more-active-mobility
https://ecf.com/news-and-events/news/ambitious-plan-will-make-paris-100-cycling-city-2026
https://ecf.com/news-and-events/news/ambitious-plan-will-make-paris-100-cycling-city-2026
https://researchbriefings.files.parliament.uk/documents/CBP-8615/CBP-8615.pdf
https://researchbriefings.files.parliament.uk/documents/CBP-8615/CBP-8615.pdf
https://publications.parliament.uk/pa/cm201719/cmselect/cmtrans/1487/148708.htm
https://publications.parliament.uk/pa/cm201719/cmselect/cmtrans/1487/148708.htm
https://doi.org/10.3390/su10082951
https://doi.org/10.1007/s10198-021-01417-7
https://doi.org/10.1007/s10198-021-01417-7
https://doi.org/10.1371/journal.pone.0284634

PLOS ONE

How much behaviour change to break even on cycling investment?

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Coventry City Council. Local information and statistics 2022 [Available from: https://www.coventry.gov.
uk/facts-coventry/coventry-72 accessed 17.05.2022].

Transport for West Midlands. Starley Network. [Available from: https://www.tfwm.org.uk/plan-your-
journey/ways-to-travel/cycling-in-the-west-midlands/starley-network/ accessed 17.05.2022].

Coventry City Council. Binley Cycleway—Scheme part-approval, way forward and petition responses
2021 [Available from: https://edemocracy.coventry.gov.uk/documents/s51448/Binley%20Cycleway %
20-%20Scheme%20Part%20Approval%20Way%20Forward%20and%20Petition%20Responses.pdf
accessed 17.05.2022].

World Health Organization Regional Office for Europe. Health economic assessment tool (HEAT) for
walking and for cycling: Methods and user guide on physical activity, air pollution, injuries and carbon
impact assessments 2017 [Available from: https://cdn.who.int/media/docs/default-source/air-pollution-
documents/heat.pdf?sfvrsn=ba0969b9_1&download=true accessed 20.11.2022].

Bressler R.D. The mortality cost of carbon. Nat Commun. 2021. https://doi.org/10.1038/s41467-021-
24487-w PMID: 34326326

Kniesner, Thomas J. and Viscusi, W. Kip, The Value of a Statistical Life. Oxford Research Encyclopedia
of Economics and Finance. https://doi.org/10.1093/acrefore/9780190625979.013.138.

Organization for Economic Cooperation and Development. PPPs and exchange rates [Available from:
https://stats.oecd.org/index.aspx?DataSetCode=SNA_Table4 accessed 18.05.2022].

2011 International Comparison Program. What is Purchasing Power Parity? 2012 [Available from:
https://thedocs.worldbank.org/en/doc/729891487201096846-0050022017/original/
ICPEBO5WhatisPPP.pdf accessed 18.05.2022].

Nugus Sue. Break-even analysis. In: Science Direct, ed. Financial Planning Using Excel. 2nd edition.
2009. [Available from: https://www.sciencedirect.com/topics/economics-econometrics-and-finance/
break-even-analysis accessed 18.05.2022].

Direct Science. Iterative Method. Studies in Computational Mathematics. 2007 [Available from: https://
www.sciencedirect.com/topics/mathematics/iterative-method accessed 18.05.2022].

Craig P, Katikireddi SV, Leyland A, Popham F. Natural Experiments: An Overview of Methods,
Approaches, and Contributions to Public Health Intervention Research. Annu Rev Public Health. 2017.
https://doi.org/10.1146/annurev-publhealth-031816-044327 PMID: 28125392

Huang C, Dannenberg AL, Haaland W, Mendoza JA. Changes in Self-Efficacy and Outcome Expecta-
tions From Child Participation in Bicycle Trains for Commuting to and From School. Health Educ Behav.
2018. https://doi.org/10.1177/1090198118769346 PMID: 29631444

Coventry City Council. Population and demographics. [Available from: https://www.coventry.gov.uk/
facts-coventry/population-demographics accessed 18.05.2022].

West Midlands Combined Authority. Cycling Charter. 2022 [Available from: https://www.wmca.org.uk/
media/1364/cycle-charter-print_wmca.pdf accessed 18.05.2022].

Department for Transport. Official Statistics: Walking and cycling statistics, England: 2020. 2021 [Avail-
able from: https://www.gov.uk/government/statistics/walking-and-cycling-statistics-england-2020/
walking-and-cycling-statistics-england-2020 accessed 18.05.2022].

The World Bank. Metadata Glossary: PPP conversion factor [Available from: https://databank.
worldbank.org/metadataglossary/africa-development-indicators/series/PA.NUS.PRVT.PP accessed
13.12.2022]

Whitehurst DGT, DeVries DN, Fuller D, Winters. An economic analysis of the health-related benefits
associated with bicycle infrastructure investment in three Canadian cities. PLOS ONE 2021. [Available
from: https://summit.sfu.ca/item/31560 accessed 15.03.2023].

The National Institute for Health and Care Excellence. Methods for the development of NICE public
health guidance (third edition) 2012. [Available from https://www.nice.org.uk/process/pmg4/chapter/
introduction accessed 13.12.2022].

Candio P, Meads D, Hill AJ, Bojke L. Modelling the impact of physical activity on public health: A review
and critique. Health Policy. 2020. https://doi.org/10.1016/j.healthpol.2020.07.015 PMID: 32839012

Bates SE, Thomas C, Islam N, Ahern AL, Breeze P, Griffin S, et al. Using health economic modelling to
inform the design and development of an intervention: estimating the justifiable cost of weight loss main-
tenance in the UK. BMC Public Health. 2022 Feb 12; 22(1):290. https://doi.org/10.1186/s12889-022-
12737-5 PMID: 35151300

Cavill N, Kahlmeier S, Rutter H, Racioppi F, Oja P. Economic analyses of transport 2007. [Available
from https://www.euro.who.int/__data/assets/pdf_file/0010/53857/E92660.pdf accessed 09.02.2023].

Brown V, Diomedi BZ, Moodie M, et al. A systematic review of economic analyses of active transport
interventions that include physical activity benefits. Transport Policy 2016. [Available from https://

PLOS ONE | https://doi.org/10.1371/journal.pone.0284634  April 19, 2023 13/14


https://www.coventry.gov.uk/facts-coventry/coventry-72
https://www.coventry.gov.uk/facts-coventry/coventry-72
https://www.tfwm.org.uk/plan-your-journey/ways-to-travel/cycling-in-the-west-midlands/starley-network/
https://www.tfwm.org.uk/plan-your-journey/ways-to-travel/cycling-in-the-west-midlands/starley-network/
https://edemocracy.coventry.gov.uk/documents/s51448/Binley%20Cycleway%20-%20Scheme%20Part%20Approval%20Way%20Forward%20and%20Petition%20Responses.pdf
https://edemocracy.coventry.gov.uk/documents/s51448/Binley%20Cycleway%20-%20Scheme%20Part%20Approval%20Way%20Forward%20and%20Petition%20Responses.pdf
https://cdn.who.int/media/docs/default-source/air-pollution-documents/heat.pdf?sfvrsn=ba0969b9_1&download=true
https://cdn.who.int/media/docs/default-source/air-pollution-documents/heat.pdf?sfvrsn=ba0969b9_1&download=true
https://doi.org/10.1038/s41467-021-24487-w
https://doi.org/10.1038/s41467-021-24487-w
http://www.ncbi.nlm.nih.gov/pubmed/34326326
https://doi.org/10.1093/acrefore/9780190625979.013.138
https://stats.oecd.org/index.aspx?DataSetCode=SNA_Table4
https://thedocs.worldbank.org/en/doc/729891487201096846-0050022017/original/ICPEB05WhatisPPP.pdf
https://thedocs.worldbank.org/en/doc/729891487201096846-0050022017/original/ICPEB05WhatisPPP.pdf
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/break-even-analysis
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/break-even-analysis
https://www.sciencedirect.com/topics/mathematics/iterative-method
https://www.sciencedirect.com/topics/mathematics/iterative-method
https://doi.org/10.1146/annurev-publhealth-031816-044327
http://www.ncbi.nlm.nih.gov/pubmed/28125392
https://doi.org/10.1177/1090198118769346
http://www.ncbi.nlm.nih.gov/pubmed/29631444
https://www.coventry.gov.uk/facts-coventry/population-demographics
https://www.coventry.gov.uk/facts-coventry/population-demographics
https://www.wmca.org.uk/media/1364/cycle-charter-print_wmca.pdf
https://www.wmca.org.uk/media/1364/cycle-charter-print_wmca.pdf
https://www.gov.uk/government/statistics/walking-and-cycling-statistics-england-2020/walking-and-cycling-statistics-england-2020
https://www.gov.uk/government/statistics/walking-and-cycling-statistics-england-2020/walking-and-cycling-statistics-england-2020
https://databank.worldbank.org/metadataglossary/africa-development-indicators/series/PA.NUS.PRVT.PP
https://databank.worldbank.org/metadataglossary/africa-development-indicators/series/PA.NUS.PRVT.PP
https://summit.sfu.ca/item/31560
https://www.nice.org.uk/process/pmg4/chapter/introduction
https://www.nice.org.uk/process/pmg4/chapter/introduction
https://doi.org/10.1016/j.healthpol.2020.07.015
http://www.ncbi.nlm.nih.gov/pubmed/32839012
https://doi.org/10.1186/s12889-022-12737-5
https://doi.org/10.1186/s12889-022-12737-5
http://www.ncbi.nlm.nih.gov/pubmed/35151300
https://www.euro.who.int/__data/assets/pdf_file/0010/53857/E92660.pdf
https://research-repository.griffith.edu.au/bitstream/handle/10072/373661/BrownPUB3015.pdf;jsessionid=84E7A0AE5BAEDAB65CB6F47BE7F849C2?sequence=1
https://doi.org/10.1371/journal.pone.0284634

PLOS ONE

How much behaviour change to break even on cycling investment?

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

research-repository.griffith.edu.au/bitstream/handle/10072/373661/BrownPUB3015.pdf;jsessionid=
84E7AOAESBAEDAB6B5CB6F47BE7F849C27sequence=1].

Mueller N, Rojas-Rueda D, Cole-Hunter T, de Nazelle A, Dons E, Gerike R, et al. Health impact assess-
ment of active transportation: A systematic review. Prev Med. 2015. https://doi.org/10.1016/j.ypmed.
2015.04.010 PMID: 25900805

Cope A., Kennedy A., Ledbury M., Cambery R., Cavill N., Parkin J. et al. 2010. Cycling demonstration
towns—an economic evaluation. Association for European transport and contributors. [Available from:
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.681.1328&rep=rep1&type=pdf accessed
18.05.2022].

Deenihan G, Caulfield B. Estimating the health economic benefits of cycling. Journal of Transport &
Health 2014; 1(2):141-49. https://doi.org/10.1016/j.jth.2014.02.001

Kriit HK, Williams JS, Lindholm L, et al. Health economic assessment of a scenario to promote bicycling
as active transport in Stockholm, Sweden. BMJ Open 2019. https://doi.org/10.1136/bmjopen-2019-
030466 PMID: 31530609

Lamu AN, Norheim OF, Gregersen FA, et al. Cycle-network expansion plan in Oslo: Modeling cost-
effectiveness analysis and health equity impact. Health Economics 2021; 30(12):3220-35. https://doi.
org/10.1002/hec.4435 PMID: 34611965

World Health Organization Regional Office for Europe. Examples of applications of the health economic
assessment tool (HEAT) for cycling [Available from: https://www.who.int/europe/tools-and-toolkits/
health-economic-assessment-tool-for-cycling-and-walking accessed 18.05.2022).

Briggs ADM, Wolstenholme J, Blakely T. et al. Choosing an epidemiological model structure for the eco-
nomic evaluation of non-communicable disease public health interventions. Popul Health Metrics 2016.
https://doi.org/10.1186/s12963-016-0085-1 PMID: 27152092

European Cyclists’ Federation. Turn Up the HEAT [Available from: https://ecf.com/sites/ecf.com/files/
Heat%20Report%20SUMMARY .pdf accessed 13.12.2022]

Baker M. 1,500 scientists lift the lid on reproducibility. Nature. 2016. https://doi.org/10.1038/533452a
PMID: 27225100

Sport England. Model for estimating the Outcomes and Values in the Economics of Sport. 2016. [Avail-
able from: https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/moves-v2-
user-guide-final.pdf accessed 19.05.2022].

MRC Epidemiology Unit. Integrated Transport and Health Impact Modelling Tool (ITHIM) [Available
from: https://www.mrc-epid.cam.ac.uk/research/research-areas/public-health-modelling/ithim/
accessed 19.05.2022].

Our World in Data. What are PPP adjustments and why do we need them? [Available from: https://
ourworldindata.org/what-are-ppps accessed 18.05.2022].

Rich J. et al. Cost-benefit of bicycle infrastructure with e-bikes and Cycle Superhighways. Case Studies
on Transport Policy 2021. Available at: https://doi.org/10.1016/j.cstp.2021.02.015.

Department for Transport. Transport analysis guidance: the Transport Appraisal Process 2018. [Avail-
able from: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/938766/tag-transport-appraisal-process.pdf accessed 13.12.2022].

Woodcock J, Abbas A, Ullrich A, Tainio M, Lovelace R, Sa TH, et al. Development of the Impacts of
Cycling Tool (ICT): A modelling study and web tool for evaluating health and environmental impacts of
cycling uptake. PLoS Med. 2018 https://doi.org/10.1371/journal.pmed.1002622 PMID: 30063716

Institute for Health Metrics and Evaluation. Global Burden of Disease (GBD). [Available from: https://
www.healthdata.org/gbd/2019 accessed 13.12.2022]

Brouwer WB, Culyer AJ, van Exel NJ, Rutten FF. Welfarism vs. extra-welfarism. J Health Econ. 2008
Mar; 27(2):325-38. https://doi.org/10.1016/j.jhealeco.2007.07.003 PMID: 18179835

Transport for London. Healthy Streets. [Available from: https://tfl.gov.uk/corporate/about-tfl/how-we-
work/planning-for-the-future/healthy-streets accessed 13.12.2022]

Mindell J.S., Karlsen S. Community Severance and Health: What Do We Actually Know?. J Urban
Health 2012. https://doi.org/10.1007/s11524-011-9637-7 PMID: 22228072

Griffin S, Love-Koh J, Pennington B, Owen L. Evaluation of Intervention Impact on Health Inequality for
Resource Allocation. Medical Decision Making. 2019. https://doi.org/10.1177/0272989X19829726
PMID: 30819034

Sustrans. Common Misconceptions of Active Travel Investment A Review of the Evidence. [Available
from: https://www.sustrans.org.uk/media/5224/common-misconceptions-of-active-travel-investment.
pdf accessed 13.12.2022].

PLOS ONE | https://doi.org/10.1371/journal.pone.0284634  April 19, 2023 14/14


https://research-repository.griffith.edu.au/bitstream/handle/10072/373661/BrownPUB3015.pdf;jsessionid=84E7A0AE5BAEDAB65CB6F47BE7F849C2?sequence=1
https://research-repository.griffith.edu.au/bitstream/handle/10072/373661/BrownPUB3015.pdf;jsessionid=84E7A0AE5BAEDAB65CB6F47BE7F849C2?sequence=1
https://doi.org/10.1016/j.ypmed.2015.04.010
https://doi.org/10.1016/j.ypmed.2015.04.010
http://www.ncbi.nlm.nih.gov/pubmed/25900805
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.681.1328&rep=rep1&type=pdf
https://doi.org/10.1016/j.jth.2014.02.001
https://doi.org/10.1136/bmjopen-2019-030466
https://doi.org/10.1136/bmjopen-2019-030466
http://www.ncbi.nlm.nih.gov/pubmed/31530609
https://doi.org/10.1002/hec.4435
https://doi.org/10.1002/hec.4435
http://www.ncbi.nlm.nih.gov/pubmed/34611965
https://www.who.int/europe/tools-and-toolkits/health-economic-assessment-tool-for-cycling-and-walking
https://www.who.int/europe/tools-and-toolkits/health-economic-assessment-tool-for-cycling-and-walking
https://doi.org/10.1186/s12963-016-0085-1
http://www.ncbi.nlm.nih.gov/pubmed/27152092
https://ecf.com/sites/ecf.com/files/Heat%20Report%20SUMMARY.pdf
https://ecf.com/sites/ecf.com/files/Heat%20Report%20SUMMARY.pdf
https://doi.org/10.1038/533452a
http://www.ncbi.nlm.nih.gov/pubmed/27225100
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/moves-v2-user-guide-final.pdf
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/moves-v2-user-guide-final.pdf
https://www.mrc-epid.cam.ac.uk/research/research-areas/public-health-modelling/ithim/
https://ourworldindata.org/what-are-ppps
https://ourworldindata.org/what-are-ppps
https://doi.org/10.1016/j.cstp.2021.02.015
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/938766/tag-transport-appraisal-process.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/938766/tag-transport-appraisal-process.pdf
https://doi.org/10.1371/journal.pmed.1002622
http://www.ncbi.nlm.nih.gov/pubmed/30063716
https://www.healthdata.org/gbd/2019
https://www.healthdata.org/gbd/2019
https://doi.org/10.1016/j.jhealeco.2007.07.003
http://www.ncbi.nlm.nih.gov/pubmed/18179835
https://tfl.gov.uk/corporate/about-tfl/how-we-work/planning-for-the-future/healthy-streets
https://tfl.gov.uk/corporate/about-tfl/how-we-work/planning-for-the-future/healthy-streets
https://doi.org/10.1007/s11524-011-9637-7
http://www.ncbi.nlm.nih.gov/pubmed/22228072
https://doi.org/10.1177/0272989X19829726
http://www.ncbi.nlm.nih.gov/pubmed/30819034
https://www.sustrans.org.uk/media/5224/common-misconceptions-of-active-travel-investment.pdf
https://www.sustrans.org.uk/media/5224/common-misconceptions-of-active-travel-investment.pdf
https://doi.org/10.1371/journal.pone.0284634

