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Abstract 

This paper describes an approach for developing strategic cycle network planning tools. Based on our experience 
developing and deploying the Cycle Route Uptake and Scenario Estimation (CRUSE) Tool for Ireland, we outline 
the underlying methods, including disaggregation of origin–destination data with the open source ‘odjitter’ software, 
incorporation of additional trip purposes, routing, scenario generation, and development of an intuitive user interface 
that is tested and used by practitioners. Commissioned by the national infrastructure agency Transport Infrastructure 
Ireland, CRUSE provides estimates of current and potential future cycling levels under ‘snapshot’ scenarios to inform 
investment decisions. The publicly available results at https:// cruse. bike/ enable planners, engineers, and other stake‑
holders to make more evidence‑based decisions. CRUSE goes beyond previous work by: modeling networks at high 
spatial resolution; simulating multiple trip purposes (social, shopping, personal utility, recreational, and cycle touring), 
supplementing official origin–destination datasets on travel for work and education; and providing estimates of ‘quiet‑
ness’ (a proxy for cyclist comfort and route preference) at the route segment level. Three network types—‘Fastest’, ‘Bal‑
anced’, and ‘Quietest’—help plan both arterial and residential cycle networks. Workshops with stakeholders were used 
to inform the development of the tool. Feedback shows that the tool has a wide range of uses and is already being 
used in practice to inform urban, inter‑urban, and rural cycle network designs. The approach is flexible and open 
source, allowing the underlying ideas and code to be adapted, supporting more evidence‑based and effective cycling 
policies and interventions internationally.
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1 Introduction
1.1  Background
Transport systems dominated by heavy and powerful pri-
vate cars are inefficient, dangerous, and unhealthy. Cars 

are a major and growing source of greenhouse gas (GHG) 
emissions [1], a leading cause of premature death and 
injury due to road traffic collisions [2], and a cause of dis-
ease due to physical inactivity and air, noise and micro-
plastic pollution [3–5]. Transport is responsible for 23% 
of GHG emissions, 70% of which are from road trans-
port, with passenger cars accounting for nearly half of 
transport emissions (around 10% of global emissions) [6]. 
The transport system encourages, enables and in some 
cases enforces unsustainable lifestyles. Services that are 
only accessible by car lock-in car dependency [7–9].

Growing evidence of the negative impacts of car-
dependent transport systems has led governments in 
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many countries to set targets and take actions. In the 
context of climate, road safety and physical inactivity 
crises, policies to improve transport systems can be clas-
sified according to the ‘Avoid-Shift-Improve’ (ASI) frame-
work [6]. The ASI framework highlights the importance 
of demand reduction (avoiding unnecessary trips), in 
addition to mode shift to sustainable modes and improve-
ment of existing energy converters, in that order.

Building cycle networks represents a relatively ‘quick 
win’ within the context of decarbonization [10] and sus-
tainable mobility [11]. Although cycling uptake appears 
on the surface to only relate to the ‘shift’ part of the ASI 
framework, closer consideration of the knock-on impacts 
of cycling uptake shows that it can also help avoid unnec-
essary trips [12]. Furthermore, highly efficient ebikes—
which are seeing rapid uptake—outperform electric cars, 
which are too heavy and expensive, for the majority of 
trips. Over-reliance on electric cars could slow the tran-
sition away from car dependency and inadvertently ena-
ble “high travel lock-in” [13]. At the European level, the 
European Union has a target of reducing GHG emissions 
by 55% by 2030, compared to 1990 levels, and to achieve 
‘net-zero’ by 2050 [14]. Climate change mitigation is a 
major motivation for cycle network plans [15].

Another motivation for cycle network planning at the 
European level is the Road Infrastructure Safety Man-
agement (RISM) directive (2008/96/EC), which requires 
member states to implement a road safety management 
system (RSMS) for all public roads. Specifically, “Mem-
ber States shall ensure that the ranking of high accident 
concentration sections and the network safety ranking 
are carried out” [16]. Given that ‘safety’ in this context 
is usefully quantified as the number of people killed or 
seriously injured (KSI) per distance traveled, the direc-
tive requires estimation of distance traveled by mode, 
down to the road link level. For active modes, about 
which there is a paucity of data compared with motorized 
modes, this is a major challenge. Better data to inform 
road safety policies and interventions is a motivation for 
better estimates of ‘baseline’ levels of physical activity at 
high geographic resolutions [17].

National governments are increasingly acting on the 
evidence. In Ireland, the Road Safety Authority (RSA) 
has set the target of halving the number of road traffic 
deaths and serious injuries by 2030 [18]. Doing so while 
simultaneously enabling rapid uptake of active modes 
will require key travel corridors to be identified and 
‘cycle proofed’. Cycling in Ireland represents only 3% of 
total modal share as of the 2016 Census, but accounts for 
20% of serious injuries and 7% of all fatalities. Poor per-
ception of safety has been found to represent the most 
important barrier to increased cycling in Ireland[19], and 
the need to improve road safety drives the development 

of national cycling policy and infrastructure plans. The 
main frameworks underpinning these efforts are the Cli-
mate Action Plan [20], the National Development Plan, 
and the National Roads 2040 strategy [21].

At the regional level within Ireland, the recently pub-
lished Greater Dublin Area Transport Strategy [22] 
reveals the high support for and capability for cycling: 
“nearly a quarter of adults cycle at least once a week in 
the Dublin Metropolitan Area” with cycling in the Dublin 
area taking up to 60,000 cars off the road today. Extrapo-
lating this on a per population basis across Ireland, with 
around 40% of the population living in Dublin, suggests 
that around 150,000 cars could be removed nationwide 
just by achieving Dublin levels of cycling in all counties 
(notwithstanding existing cycling trips and differences 
in trip distances). Seven in ten trips in Ireland are by car 
[23]. Cycling has the potential to replace a large propor-
tion of these trips: “A high priority must also be given to 
cyclists, because trips by this mode have the potential to 
replace trips by private car, most specifically for short to 
medium distance trips, but increasingly for longer trips 
as ebikes extend the range of this mode” [22].

Further evidence of the importance of cycling in Ire-
land is provided by the National Strategic Objective 
(NSO) from the National Development Plan, which allo-
cates €8.6 billion to sustainable transport infrastructure 
including public transport and active travel interventions. 
Cycle infrastructure will be developed in synchrony with 
the BusConnects project, an entire redesign of the bus 
network in Dublin and Cork. It was in this context that 
Transport Infrastructure Ireland (TII) commissioned the 
research reported in this paper, which led to the Cycle 
Route Uptake and Scenario Estimation (CRUSE) Tool 
for Ireland. Building on previous work, including the 
Propensity to Cycle Tool (PCT) for England and Wales, 
the CRUSE Tool was developed to provide evidence on 
current cycling levels and future cycling potential nation-
wide across Ireland.

Stakeholder consultation by TII emphasized the need 
for a strong, national, systematic but locally-specific evi-
dence base on cycle networks in both urban and rural 
Ireland. To support evidence-based planning, the tool 
had to scale nationally to support strategic alignment 
with national, regional and local policies, but also be use-
ful for local network planning. The evidence had to scale 
nationally to support strategic alignment with national, 
regional and local policies, but also had to be useful for 
local network planning.

1.2  Aim and content
This paper describes an approach to strategic cycle net-
work planning tool development that is open, scalable, 
and evidence-based. We label the approach Cycle Route 
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Uptake and Scenario Estimation (CRUSE) and present 
a case study of its application in Ireland, the results of 
which are publicly available at cruse. bike.

In Sect. 2, we review existing current tools for estimat-
ing cycling potential. In Sect. 3, we outline the methods 
used to generate the evidence presented in the CRUSE 
Tool. In Sect.  4, we present the results of the CRUSE 
Tool, including estimates of current cycling levels and 
future cycling potential at the national, regional and local 
levels. In Sect.  5, we discuss limitations and possible 
future improvements to the approach, and the implica-
tions of the results for Ireland before making concluding 
remarks in Sect. 6.

2  Tools for estimating cycling potential
Tools for estimating geographical distribution of cycling 
potential have advanced substantially in recent years. 
Developed by researchers and developers in academic, 
public and private sectors, they have evolved from sim-
ple area-based static models tailored to specific regions 
to more complex and (in some cases) more generalizable 
tools. These tools can be considered as a specific appli-
cation of the concept of planning support systems (PSS), 
which are designed to help planners and decision-mak-
ers in making better-informed decisions [24]. Outputs 
include maps with results available at several levels of 
analysis with levels of availability ranging from being only 
available to researchers and in static maps to open access 
mapping systems available to the public.

Previous studies have applied the concept of PSS to 
specific modes, including walking [25], public transport 
[26] and cycling [27]. While such prior work provides 
insight into the potential for approaches to transport 
planning that are both data-driven and participatory, the 
focus of this paper is on tools that focus attention on the 
geographic distribution of cycling potential and which 
answer the question “where to build”. Not all papers 
reviewed in this section classify themselves as, or even 
mention, PSS, but all of them can be considered as PSS. 
This paper is informed by the thinking underlying PSS, 
including the idea that the resulting tools are more effec-
tive if they are modular and can inter-link with other 
tools and processes in the planning process: PSS can be 
conceived as a “toolbox with separate instruments that 
can work and talk to each other effectively (as in the open 
systems concept) and that will be selectively applied in 
varying configurations to support a particular phase in 
the planning process” [28]. We share this conception of 
PSS, emphasizing the benefits of a focus on a particular 
mode (cycling) and a particular phase in the planning 
process (strategic network development). A selection 
of existing tools is summarised below and presented in 
Table 1.

Area-based approaches were developed before net-
work-based tools, such as a 2007 regression-based model 
to estimate the percentage of cycling trips to work in 
England and Wales based on socioeconomic, transporta-
tion, and physical factors at the small area (wards) level in 
2007 [29]. They found that areas with a higher percentage 
of females, non-whites, car ownership, lower socioeco-
nomic classes, income, distance to work, population den-
sity, poor highway conditions, hills, rainfall, and fewer 
off-road bicycle routes tended to have a lower proportion 
of cycling to work. The approach also generated “fore-
casts for potential levels of bicycle use” associated with 
increasing in off-road routes and, conversely, increasing 
car ownership levels and distances travelled to work lead-
ing to decreases in cycling.

Three years later, Transport for London created the 
Analysis of Cycling Potential (ACP) tool based on a mode 
choice model that assesses the likelihood of trips being 
cycled, with data from the TfL London Travel Demand 
Survey as its primary input. The ACP tool generates 
tables, graphs, and heatmaps showing the potential for 
cycling for different TRIP purposes in London to guide 
local cycling initiatives, such as where new hire ‘docking 
stations’ should go. However, it does not use origin–des-
tination data and cannot estimate cycling potential on 
specific routes [30].

Other tools that generate areal data to prioritize invest-
ment include a study that generated a ‘bikeability index’ 
for the Metro Vancouver region [32], later renamed Bike 
Score and available for over 160 US and Canadian cities 
[33]; a ‘prioritization index’ for Montreal, Canada [34]; 
a ‘usage intensity index’ based on stated preferences in 
Belo Horizonte, Brazil [35]; and a Cycling Potential Tool 
(CPT) for Scotland [36]. The CPT is composed of the 
base environmental module—based on eight weighted 
factors (population density, hilliness, physical barriers, 
access to services, existing cycling mode share, distance 
to work and school, and road speed)—and the quality 
of service module, which evaluates each area of inter-
est based on eight factors (surface condition, adjacent 
cyclists, comfort factor, conflict, distance between junc-
tions, slope, access to services, and origin/destination).

A more recent areal-based approach is the Gross Poten-
tial for Cycling (GPC) tool to prioritize areas for cycling 
infrastructure and other cycling measures [37]. The GPC 
uses two sets of indicators: population-based indicators 
(age, potential demand density, employment density and 
motorization rate) and area-based indicators (acces-
sibility, education, public transport, connectivity, land 
use mix and relative performance). These indicators are 
calculated considering topography, road hierarchy, and 
average congestion and presented on a scale from 5 to 10. 
They are then combined into an overall score, weighted 

https://cruse.bike/
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by their impact on cycling according to the literature. 
The ranking of areas by the GPC is publi cly avail able and 
its practical value has been assessed through workshops 
[38]. The GPC tool has also been used to investigate the 
combination of factors contributing to high levels cycling 
potential [39]. Another recent areal-based approach is 
the Relative Equity Impact of Bicycle Planning (TIRE) 
[40] tool. The TIRE tool assesses the impact of cycling 
network allocation on the accessibility levels of different 
socioeconomic groups.

Route-based tools emerged with increasing availabil-
ity of origin–destination data, routing engines that can 
assign trips to networks, and improvements in com-
puter hardware and software needed to generate route 
networks. A prominent example is the Propensity to 
Cycle Tool (PCT), first developed to estimate current 
and future levels of cycling at desire line, zone, route, 
and route network levels for case study cities [41]. The 
approach was scaled-up to estimate the potential ben-
efits of uptake at zone and desire line levels nationally, 
and launched as a publicly available web application 
in 2017 [42]. Extensions of the PCT approach have 
included estimation of benefits at the individual level 
[43], addition of travel to school network [44], and 
improved modeling of impacts on health, environmen-
tal and distributional outcomes [45]. Initially developed 

just for England, the PCT was extended to cover all of 
Wales (for commuter data only) in 2018.

The PCT approach has been applied in other coun-
tries, including Ireland (the topic of this paper), Scot-
land, and Portugal. In Portugal the ‘biclaR’ project, 
based on methods underlying the PCT, has been devel-
oped and deployed for the Lisbon metro region. The 
resulting evidence is available in an interactive web 
application hosted at biclar. tmlmo bilid ade. pt [46]. 
biclaR includes estimates of impacts, using the World 
Health Organisation (WHO) ‘HEAT for Cycling’ tool 
and an ‘intermodality’ scenario that combines cycling 
with currently available public transit options based on 
General Transit Feed Specification (GTFS) data.

Another route-based tool is The Cycling Routing 
Algorithm for Network Connectivity (CRANC) [47], 
which evaluates the benefits of new bicycle facili-
ties for the accessibility of various populations and 
neighbourhoods.

The approach presented in this paper seeks to over-
come three limitations of previous tools to estimate 
cycling potential: 1) low resolution of data, with routes 
starting and ending in administrative zone centroids, 2) 
limited coverage of trip purposes beyond travel to work 
and school, and 3) a web interface that was not user-
friendly or intuitive.

Table 1 Summary of existing tools for estimating cycling potential

Approach Coverage and input data Outputs and availability License

Bicycle share model, Parkin et al. [29] England and Wales, Journeys to work OD 
census data, at the small‑area (wards) level

Static tables in academic paper Proprietary

Analysis of Cycling Potential (ACP), Transport 
for London [30] and [31]

London, London Travel Demand Survey Static tables, graphs, and heatmaps, 
not publicly available

Proprietary

Bikeability index/Bike Score, Winters et al. 
[32, 33]

Metro Vancouver region/160 US and Cana‑
dian cities, Cycling infrastructure, topog‑
raphy, destinations and road connectivity 
data

Map‑based heatmap, not publicly available Proprietary

Prioritization index, Larsen et al. [34] Montreal, Survey, Road safety, and OD data Map‑based heatmap, not publicly available Proprietary

Usage intensity index, Zhang et al. [35] Belo Horizonte, Survey, census, and OD data Static tables and maps, not publicly avail‑
able

Proprietary

The Cycling Potential Tool (CPT), Phillips 
and Range [36]

Scotland, Environmental and socioeco‑
nomic data, at the small area (output areas) 
level

Maps showing cycling potential in each 
area

Proprietary

Propensity to Cycle Tool (PCT), Lovelace 
et al. [42]

England and Wales, Journeys to work 
and school OD census data, at the small 
area (LSOA) level

Online maps, graphs, tables, publicly avail‑
able at www. pct. bike

Open source

Cyclist Routing Algorithm for Network Con‑
nectivity (CRANC), Gehrke et al. [47]

Boston region, Road segment characteris‑
tics, elevation, and destination accessibility 
data, at the census blocks level

Graphs and heatmaps, not publicly avail‑
able

NA

The Gross Potential for Cycling tool (CPC), 
Silva et al. [37, 38] and Lopez et al. [39]

21 Portuguese cities, Land use and socio‑
demographic data, at the small area (census 
tract) level

Static maps showing cycling potential 
in different areas

NA

The relative equity impact of bicycle plan‑
ning (TIRE), Cunha and Silva [40]

Lisbon, Cycling infrastructure, topography, 
and location of points of interest data, 
at the hexagon cells level

Graphs and heatmaps, not publicly avail‑
able

NA

https://boost.up.pt/en/ferramentas/gpc
https://biclar.tmlmobilidade.pt
http://www.pct.bike


Page 5 of 17Lovelace et al. European Transport Research Review  (2024) 16:55 

3  Methods and data
3.1  Disaggregation of origin–destination data
A feature of active travel interventions is that they require 
dense networks of routes to be effective [48]. This means 
that data with high levels of geographic resolution are 
necessary to estimate cyclical potential. However, data-
sets on travel patterns are often only available at the level 
of administrative zones. The Central Statistics Office 
(CSO) in Ireland provides Place of Work, School or Col-
lege Census of Anonymized Records (POWSC AR) data 
on the number of people traveling to work and school at 
the Electoral Division (ED) level, for example.

In the PCT, the method used to convert OD data to 
route networks was to calculate a single route between 
the population weighted centroids of the zones associ-
ated with each OD pair. This method works fine when the 
OD data represents movement between small areas, but 

was not appropriate for generating route networks from 
the POWSCAR data because zone centroids are so far 
apart that the resulting route networks would be sparse 
and unrealistic. To tackle this issue we developed a new 
method for OD data disaggregation called ‘jittering’. The 
method works by first disaggregating the OD data based 
on a ‘disaggregation threshold’ and then assigning each 
disaggregated ‘sub-OD’ pair to ‘subpoints’ within each 
zone. As shown in Fig. 1, the resulting route networks are 
dense, even in rural areas.

3.2  Additional trip purposes
A limitation of the original PCT was that it only included 
travel to work data. This was partially addressed by the 
inclusion of travel to school based on data from the 
Department for Education in England [44]. An advantage 
of the POWSCAR OD data over OD datasets derived 

Fig. 1 Illustration of the density of route networks generated by the CRUSE Tool for Dublin City and surroundings (top) and rural County Mayo 
on the West coast of Ireland (bottom). Source: CRUSE Tool, publicly available at cruse. bike

https://www.cso.ie/en/census/census2016reports/powscar/
https://cruse.bike/
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from census surveys in many countries is that it includes 
travel to school data. We commissioned a version of 
POWSCAR that included a breakdown of the total flows 
between OD pairs by purpose and mode, enabling a more 
realistic estimation of the ‘Baseline’ cycling network.

However, travel to school and work account for less 
than half (39%) of all trips in Ireland, excluding ‘returning 
home’ trips, according to the 2022 National Household 
Travel Survey (NHTS) [49]. This represents a substantial 
decline in the proportion of trips covered by POWSCAR 
data compared with pre-COVID survey results, with 51% 
of non-return trips being for work or education accord-
ing to the 2017 release of the same report [50]. To tackle 
this issue, we developed a spatial interaction modeling 
methodology to estimate the number of trips between 
each OD pair for additional trip purposes. The classifica-
tion of trip purposes used in the CRUSE Tool was guided 
mainly by the trip purpose classification found within 
the National Household Travel Survey (NHTS), but with 
the addition of categories based on the comprehensive 
POWSCAR data, and the need to include recreational 
trips and multi-stage trips. An overview of the trip pur-
poses used in CRUSE is presented in Table 2.

Following feedback from stakeholders, we added 
another ‘non-everyday’ trip purpose in an extension 
phase: cycle tourism. As outlined in the CRUSE Exten-
sion report [reference and link to be added on pub-
lication], this involved developing an inter-county 
spatial interaction model to estimate the number of 
trips between each county for cycle tourism, with trip 

attractors including campsites and major international 
transport hubs.

3.3  Routing
Routes in CRUSE are generated by CycleStreets, a not-for 
profit transport consultancy and web development com-
pany that provides application programming interfaces 
(APIs) supplying a range of datasets for cycle planning 
and advocacy internationally, including in Ireland. The 
CycleStreets routing engine is based on OpenStreetMap 
(OSM) data, which is continuously updated by a global 
community of volunteers.

While CycleStreets offers a free routing API, we com-
missioned a custom routing service to enable:

• Calculation of hundreds-of-thousands of routes, 
which is beyond the terms of service of the free API.

• Making changes to the routing profiles, including 
allowing routing on trunk roads, which are some-
times avoided in the default routing profiles.

• Control over the version of OSM data being used 
for the routing, allowing regular updates to the route 
networks as OSM data is updated.

The CycleStreets routing engine accounts for hilliness 
and traffic signals, based on substantial experience gen-
erating cycle routes for utility and leisure cyclists world-
wide. The resulting routes are designed to indicate the 
route choices of confident, moderately confident, and 
less confident cyclists with three route options provided 

Table 2 Trip purposes used in the CRUSE Tool

Trip purpose Description Primary source(s) Confidence

Work (commute) Commuting to/from workplaces Census 2016 POWSCAR Data High confidence–data both origins 
and destinations for trip purposes

Primary education Primary school trips Census 2016 POWSCAR Data, Schools 
database

High confidence–data both origins 
and destinations for trip purposes

Secondary education Secondary school trips Census 2016 POWSCAR Data, Schools 
database

High confidence–data both origins 
and destinations for trip purposes

Tertiary education Tertiary education trips Census 2016 POWSCAR Data ‑ Geodirec‑
tory categories

High confidence–data both origins 
and destinations for trip purposes

Social NHTS classification (e.g. restaurants, cin‑
emas, gyms etc.)

Trip rates from NHTS, Geodirectory busi‑
nesses classified according to relevant 
NACE codes

Medium confidence

Shopping NHTS classificationfrom supermarkets 
and shops

Trip rates from NHTS, Geodirectory busi‑
nesses classified according to relevant 
NACE codes

Medium confidence

Personal/other Combination of two NHTS classifications, 
and includes trips to medical, personal 
services and others

Trip rates from NHTS, Geodirectory busi‑
nesses classified according to relevant 
NACE codes

Medium confidence

Tourism/recreational Trips by non‑resident visitors to / from visi‑
tor attractions

Geodirectory listings for accommodation 
(origins) and destinations (destinations), 
Failte Ireland accommodation database, 
Failte Ireland attraction database

Low confidence–lack of data 
regarding tourist trip rates
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for each OD pair as described below. It would be possi-
ble to use other routing engines and custom profiles and 
cost functions in the future, for example to simulate the 
impact of implementing traffic signals which are opti-
mised for cycling throughput, a feature not currently 
available in CycleStreets that could be explored in future 
work.

We computed three route types for each disaggre-
gated (‘jittered’) OD pair: ‘Fastest’, ‘Balanced’ and ‘Quiet-
est’, based on the observation that different cyclists have 
different preferences for route types and the fastest or 
shortest path may not be the most heavily used [51]. As 
outlined on the CycleStreets’ websi te, the fastest routes 
minimize journey time, accounting for traffic lights and 
surface type. The ‘Quietest’ route type minimizes busy 
sections of road, allowing high ‘diversion factors’ from 
the fastest route on quieter but less direct ways (often 
avoiding roads and interactions with motor vehicles alto-
gether where possible). The ‘Balanced’ route type is a 
compromise between the two, minimizing journey time 
while avoiding the busiest roads. Allowing users to switch 
between these three route types enables them to consider 
the trade-offs between directness and ‘cycle friendliness’ 
when planning new infrastructure, as shown in Fig.  2. 
These different network maps are available on the ‘Route 

types’ page for each county (see cruse. bike/ kilda re/ route- 
types for Kildare, for example). In addition to showing 
the estimated routes under each scenario, the page also 
presents summary statistics on the network:

• On the fastest network, 25% of the distance cycled 
occurs in non-hostile segments and 7% in cycle-
friendly segments.

• Under the baseline scenario, 52% of the distance 
cycled on the quietest network occurs in non-hostile 
segments and 15% in cycle-friendly segments.

These statistics can be revealing: in Kildare it suggests 
that around half of all cycling activity occurs on network 
segments that are hostile (with a high inferred level of 
traffic stress), even when efforts are taken to avoid busy 
segments. For the fastest network, which may be more 
realistic for utility cycling, the proportion of cycling on 
hostile segments is even higher at 75%.

3.4  Scenarios of cycling potential
The datasets outlined above were used to generate esti-
mates of cycling currently (the ‘Baseline’ scenario) and 
under four scenarios of cycling potential: Near Market, 
Climate Action Plan, Go Dutch, and Ebike. Each of these 

Fig. 2 Illustration of the quietest (left) and fastest (right) route networks for Naas (top) and Newbridge (bottom) in County Kildare

https://www.cyclestreets.net/help/journey/howitworks/
https://cruse.bike/kildare/route-types
https://cruse.bike/kildare/route-types
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scenarios is described below. Figure  3 displays a graph 
showing the proportion of bicycle trips by distance for 
Kildare in each scenario.

3.4.1  Baseline
The Baseline scenario approximates current cycling 
levels. As outlined in Sect.  3.2, the Baseline scenario 
includes travel to work and school, and additional trip 
purposes. Cycling levels were taken from the POWSCAR 
data, which includes the number of people traveling by 
each mode between each OD pair.

3.4.2  Near market
The Near Market scenario approximates the level of 
cycling that would be achieved if levels of cycling uptake 
observed in areas of Ireland with high levels of cycling 
according to the 2016 Census were achieved everywhere, 
accounting for differences in trip distances and hilliness 
levels. The scenario is implemented as follows:

• Calculate distance decay curves for Dublin for the 
base year (2016, using POWSCAR data) by fitting a 
model to the relevant OD data after it has been con-
verted to a route network dataset

• Apply the Near Market model to the hilliness and 
distance values for each county during the build pro-
cess

• Add the current level of cycling to the Near Market 
model

3.4.3  Climate action plan
The Climate Action Plan scenario models the trans-
port emissions reductions targeted in the Irish Gov-
ernment’s Clima te Actio n Plan 2021, which aims for a 
51% cut in overall GHG emissions by 2030 as part of the 
pathway to net-zero emissions by 2050. For transport, 
this includes 500,000 extra walking, cycling and public 
transport trips per day by 2030. In terms of car travel, 
the target is to “Increas[e] the proportion of kilometers 
driven by passenger electric cars to between 40 and 45% 
by 2030, in addition to a reduction of 10% in kilometers 
driven by the remaining internal combustion engine 
cars.” This equates to a 5.5 to 6% reduction in total car 
km driven.

To model this decrease in car km driven, cycling uptake 
increases in line with the Go Dutch scenario. However, 
we only model shift from driving to cycling. There is no 
shift from other modes of transport to cycling.

Fig. 3 Distance‑mode share graph for Kildare used to communicate the different scenarios. Source: county level view for Kildare in the open access 
CRUSE Tool at https:// cruse. bike/ kilda re

https://www.gov.ie/en/publication/6223e-climate-action-plan-2021/
https://cruse.bike/kildare
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3.4.4  Go Dutch
Under the Go Dutch scenario cycling reaches levels 
equivalent to those found in the Netherlands, taking 
account of the effects of route hilliness (measured as 
mean gradient) and route distance. This scenario uses the 
same model as the PCT, allowing trips to shift from any 
other mode to cycling [42].

3.4.5  Ebike
Also based on the PCT scenario with the same name, the 
Ebike scenario in CRUSE takes Go Dutch cycling uptake, 
and adds onto this the impact of increased ebike usage, 
which allows for longer cycle trips. However, travel 
to primary and secondary schools still uses Go Dutch 
uptake, since no ebike scenario has been developed for 
school journeys, and children may be less likely to own 
ebikes than adults.

3.5  User interface
The CRUSE web application is ‘statically hosted’ rather 
than ‘dynamically hosted’ [52]. This means the tool does 
not require a resource-intensive server, reducing hosting 
costs and the maintenance burden of the tool compared 
with tools such as the PCT. The use of recently-devel-
oped web mapping technology makes the tool responsive 
[53]. Open source technologies were used throughout the 
tool’s user interface, increasing the ease with which peo-
ple in other countries can build on the open source code. 
The ‘landing page’ shows the proportion of trips that 
could be made by cycling under the ‘Go Dutch’ scenario 
at the county level, highlighting the intended use case for 
strategic cycle network planning (Fig. 4).

The key results, route network results, are available 
within an instant by zooming in on the map illustrated 
in Fig. 4: beyond a certain zoom level the network view 
appears. This differs from the user interface in tools such 
as the PCT and BiclaR which force users to click on a 
county before the key network results become visible: to 
get to the network view in the PCT takes around 10 s and 
multiple clicks, compared with simply zooming in on the 
landing page for CRUSE.

Other improvements to the user interface in the 
national map on the landing page include a search bar in 
the top left and clearer legend for each network visualisa-
tion option (users can select any scenario or quietness or 
gradient depending on their needs). Following feedback 
from user testing, ‘geolocate’ and ‘full screen’ buttons 
were added in the top right, enabling users to ‘zoom’ to 
their current location and to focus on the detailed geo-
graphic results, as shown in Fig. 4.

Typical intended user stories are illustrated in Fig.  5, 
which shows that the tool is designed to be used by both 
professional and non-professional users. For the main 

target audience, professional transport planners working 
at the county level, the tool provides a range of outputs, 
including estimates of cycling potential at the county and 
network level. The provision of balanced (the default), 
quietest and fastest route networks enables planners 
to consider the trade-offs between directness and ‘cycle 
friendliness’ when planning new infrastructure. The tool 
also provides data downloads, enabling estimates of 
cycling potential on the network to be visualised and ana-
lysed with other tools such as QGIS, Python or R.

For non-professional users, the tool provides a sim-
ple interface to explore the cycling potential of the net-
work. By providing a single landing page that is suitable 
for both professional and non-professional users (such as 
an advocate or parent interested in safe routes to school), 
the tool aims to facilitate communication between these 
groups.

3.6  Stakeholder engagement
The CRUSE Tool was developed for, and in close col-
laboration with, practitioners in the Republic of Ire-
land. Although the overall approach of the project was 
quantitative, stakeholder feedback and qualitative data 
were deemed essential to ensure the tool was fit for pur-
pose, mitigating against the risk that the project would 
be ‘technocentric’ and a ‘problem looking for a solu-
tion’. From the outset of the project, we aimed to follow 
a “human-centric approach in which personalization, 
purpose, ethics and inclusivity are key”, rather than an 
‘off-the-shelf ’ product that failed to understand, let alone 
meet, local needs. The ‘digital transformation’ taking 
place in transport planning (and many other sectors) has 
the potential to increase existing inequalities [54]. A wide 
range of methods and measures can be taken to ensure 
that digital tools are accessible.

The stakeholder engagement was carried out through 
workshops with stakeholders in case study areas, an 
approach that is documented with reference to participa-
tory development of digital tools for supporting energy 
transitions [55]. We held a total of three workshops over 
the course of the project and one open-ended live demo 
during a 2-day event in Sligo in which we collected feed-
back from dozens of people. Other than the live demo, all 
of the workshops took place online.

The first two workshops took place in May 2022, dur-
ing which the tool was introduced to key staff involved 
in cycle network planning in Kildare and Limerick 
counties. The county-specific approach allowed the 
workshop to focus on specific areas and key corridors. 
During the workshops, after the tool was introduced 
and presented, participants were asked questions in a 
semi-structured interview format, with questions on 
the evidence they currently have access to, how they 
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may be able to use the tool, and requests for new fea-
tures. The third and final workshop took place on the 
 7th December 2023 and included descriptions of recent 
changes to the tool, with an aim being to get feedback 
on the new recreational and cycle touring evidence, 
with representatives from county-level transport plan-
ning bodies, Sport Ireland, and Waterways Ireland.

The open-ended live demo was undertaken at a stall 
at TII’s National Roads and Greenways Conference in 
Sligo in September 2022, where much of the feedback 
was verbal and not collected. Much of this feedback 

from the workshops and live demo outlined above was 
in the form of ad-hoc comments and suggestions and 
not all of the qualitative data received was recorded in 
a structured way, a limitation that we refer back to in 
Sect. 5.3.

4  Results
The main result of the work presented in this paper is an 
open access web application and datasets on current and 
potential future cycling levels in Ireland, with evidence 
provided at county and route segment levels. Like other 

Fig. 4 Illustration of the landing page of the CRUSE Tool for Ireland, showing the default ‘zoomed out’ view of the national map, with county level 
results showing the proportion of trips cycled under the ‘Go Dutch’ scenario (top). The default ‘zoomed out’ view enables users to click on a county 
for more detailed results. The ‘zoomed in’ view (bottom) shows the national network for the ‘Go Dutch’ scenario in the Limerick area
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national tools presented in Table  1, a key feature of the 
results is that it provides a consistent and objective base-
line for comparing cycling potentials in different areas.

The approach generates estimates of cycling potential 
on every road in the country. The full results are therefore 
too extensive to present in their entirety in this paper. 
Through the interactive web application, hosted at [cruse.
bike](https://cruse.bike/), users can explore the data to 
generate the results that are most relevant to their needs. 
That could be finding the cycling potential on a particular 
road or finding ’weak links’, barriers in the cycle network 
associated with a particular school, work place or other 
destination, or other features of the network that could 
be improved to increase cycling uptake.

Instead of trying to show such use cases, of which there 
are many hundreds, we present a selection of results to 
illustrate the main features of the resulting evidence, in 
Sect. 4.1. We also present some qualitative results based 
on workshops with stakeholders in Ireland, in Sect. 4.2.

4.1  Selected quantitative results
To illustrate the results in urban areas, we explored route 
networks in the three largest cities in Ireland: Dublin, 
Cork, and Limerick. Figure 6 shows the ‘fastest’ and ‘qui-
etest’ cycle networks within a 6 km wide square centred 
on each of these cities.

Aside from the varying sizes and route network shapes 
associated with each city, it is clear from the visualisation 
of cycling friendliness that none of the cities can be con-
sidered to have a ‘complete’ cycle network. Of the three, 
Dublin has clearly had most investment cycle infrastruc-
ture, as shown by the relatively high proportion of the 
route network that is green in both network types.

Figure 6 highlights the value of generating different net-
work types: looking only at the fastest network it would 

be hard to differentiate between Cork and Limerick in 
terms of cycle network quality. However, Limerick clearly 
has a higher number of quiet routes that can be cycled 
on for people willing to take a longer route to avoid busy 
roads: its quiet network (bottom right in Fig. 6) contains 
more green segments than the quietest network for Cork 
(middle right in Fig. 6). The lack of continuous sections of 
quiet routes in Cork, even in the quietest network, means 
that people who are less confident cycling cannot avoid 
mixing with motor traffic for many common trips. In an 
ideal network, conversely, even the fastest route network 
would be predominantly cycle friendly, meaning that the 
most direct and fast routes are also quiet, with low levels 
of traffic stress.

There are still many parts of the fastest route network, 
and even some parts of the quietest route networks, that 
are not cycle friendly and which have high cycling poten-
tial, even in Dublin. According to a recent report, 71% of 
residents in the Dublin Metropolitan Area support “more 
cycle tracks along roads, physically separated from traf-
fic and pedestrians” [56]. Assuming that these findings 
apply in other cities, the results can help prioritise where 
such infrastructure should go: the results presented in 
Fig. 6 should bring attention to where there are wide red 
lines in fastest and quietest networks, with a reasonable 
strategy being to prioritise a continuous quiet network 
first and eventually to ‘cycle proof ’ the fastest network 
also. However, a feature of the approach is that it is not 
prescriptive and it does not tell planners what to build 
where; as highlighted below practitioners can use the 
results in a variety of ways.

4.2  Stakeholder feedback
The feedback from the workshops was generally posi-
tive, with stakeholders commenting on the need for the 

Fig. 5 Hypothetical user stories for the CRUSE Tool illustrating that it can be used in different ways by different user groups
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Fig. 6 Fastest (left) and quietest (right) cycle networks in 6 km squares centered on central Dublin (top panels) Cork (middle) and Limerick 
(bottom). The networks are coloured by cycle friendliness, with greener segments representing more cycle friendly segments. Widths vary 
in proportion to the potential level of cycling under the ‘Go Dutch’ scenario
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tool, lack of data on cycling potential proving a barrier 
to decision-making and investment, and the potential 
for the tool. At an end of project workshop in Decem-
ber 2023, stakeholders were asked to provide feedback 
on the tool and its potential use in practice. Quotes and 
suggestions from these workshops, and a subsequent 
interview with a transport planner using the evidence 
in their everyday work in Transport Infrastructure Ire-
land, are presented in this section (with quotes being 
attributed to named individuals where permission has 
been granted).

Early in the project, we presented the approach to prac-
titioners in Kildare and Limerick. The feedback from the 
workshop in Kildare highlighted the need for the tool for 
practitioners at the county level, as highlighted in the fol-
lowing quote:

“It’s a missing piece of evidence that will help new 
projects get built” (Dónal Hodgins, Senior Engineer, 
Sustainable Transport & Traffic Management, Kil-
dare County Council)

Practitioners in Kildare County Council found that the 
evidence generated was already valuable for the devel-
opment of new cycle routes, especially when making 
the case during planning applications. They empha-
sized that cycle networks are often fragmented, and the 
tool allows them to demonstrate how individual local 
schemes can contribute to a larger, interconnected net-
work. An unexpected piece of feedback from the work-
shop was the preference for visualizations that directly 
compare the fast and quiet routes, as they recognize 
the importance of both types of routes. In response to 
this we provided the ‘Route types’ page for each county, 
although this functionality is not available in the land-
ing page map due to other feedback requesting a simpler 
interface. In comparison with another tool for transport 
planning, CRUSE was seen by practitioners in Kildare as 
more user-friendly. They found the evidence at the route 
level (unavailable in other tools) crucial for planning new 
cycling infrastructure. Overall, the workshop participants 
concluded that the approach filled a gap in the evidence 
and will greatly assist in the development of new cycling 
projects.

During the workshop with practitioners in Limer-
ick, the estimates of Baseline and Go Dutch potential at 
the network levels were found to match well with local 
knowledge. The tool effectively highlighted the same sec-
tions on the transport network that experienced planners 
identified as priorities for investment in cycling, such 
as the South Circular Road. Limerick County Council 
expressed their interest in utilizing each network layer, 
particularly the quiet network, to support new cyclists 

who lack confidence to share space with motor traffic. 
Specific suggestions from the workshop included the sug-
gestion to align scenarios with national strategy (result-
ing in the Climate Action Plan scenario) and to provide 
data downloads provided as ‘Shapefiles’ for further analy-
sis (now implemented although the download format is 
GeoPackage, an open standard for spatial data).

In a subsequent interview with a practitioner using the 
evidence generated by the CRUSE approach in their eve-
ryday work, we received the following feedback. The out-
puts were found to be a “useful tool for getting schemes 
started; and provides good detail to supplement the 
strategic rationale for intervention within Project Out-
line Documents, via the cycle friendliness maps and the 
baseline/near market cyclist estimates”. As a result, the 
CRUSE tool “is ideal for generating a strategic rationale 
for estimating demand and building the business case 
in the absence of cycle count data; it is also very useful 
at the detailed design stage and the CRUSE estimates 
can (and have been used) to supplement the economic 
appraisal of cycling schemes” (Declan Keenan, Senior 
Transport Planner TII working on active travel, personal 
communication). Declan also noted a strong alignment in 
the South Dublin area between cycle count data, and the 
outputs of the approach: “It’s forms a strong representa-
tion of what’s going on in the areas where TII have col-
lated some cycling count data, e.g.  in the vicinity of the 
M50 in the areas of Ballinteer and Sandyford. Some addi-
tional network checking against count data would also be 
useful, to ensure good representation across other set-
tlements.” Where cycling data is available, the networks 
align well in terms of network “shape” and the proportion 
of trips on different parts of the network.

There were two suggestions from Declan which have 
not yet been implemented: the provision of data show-
ing POWSCAR and recreational estimates/data sepa-
rately, and the need for training on the tool to ensure that 
all staff can use it effectively. These, and other potential 
improvements, are discussed in the next section.

5  Discussion
The aim of the paper was to describe the design, features 
and potential use of the ‘CRUSE’ approach and resulting 
tool. As outlined in the previous section, the CRUSE Tool 
provides evidence on current and potential future cycling 
levels across Ireland down to the street level, with poten-
tial assigned to fastest, balanced and quietest route net-
works. This provision of multiple scenarios of behavior 
change and multiple scenarios of investment, for exam-
ple in cycling infrastructure next to major roads vs quiet 
residential streets, is a key feature of the CRUSE Tool.
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5.1  Uses of the tool in practice
As highlighted in a paper on cycling infrastructure pref-
erences based on a case study of Dublin, both directness 
and quietness are important [57]:

Direct routes with short journey times were found to 
be the most important positive variable for existing 
cyclists and non-cyclists in determining route choice. 
This is followed by infrastructure type, the number 
of junctions along the route, traffic speed and cyclist 
volumes. In terms of infrastructure, regardless of the 
level of cycling confidence, routes which have ‘no 
facilities’ or ‘bus/cycle lanes’ are the least favoured 
cycle route types.

The CRUSE Tool can help both in terms of describing 
the current situation, and also prioritise investment in 
those direct routes with high cycling potential that lack 
adequate cycling infrastructure [57]. It will also support 
reporting for the RISM Directive on road casualties as 
part of the road safety management system.

5.2  Comparison with other tools and contribution 
to the field

While the CRUSE approach presented in this paper is not 
the first national and publicly available tool for cycling 
planning, it has some key features that make it relevant 
for other countries, regions and road authorities tasked 
with making their transport systems safe and sustainable:

• Compared with the Propensity to Cycle Tool (PCT), 
which provides either travel to work [42] or to school 
cycling networks [44], the approach presented here 
captures a higher proportion of cycling potential 
including key rural trips which are often under-rep-
resented in models of active travel.

• The results are open access meaning that any stake-
holder in the planning system can access the evi-
dence. This will help to democratize the transport 
planning process and make wider conversations 
about transport planning more evidence-based and 
less polarized [58], something that is particularly rel-
evant given the potentially polarizing nature of pro-
cycling interventions [59].

• The results are fully reproducible (code to be released 
pending sign-off by TII’s IT team), preventing ‘cloud 
lock in’ to a potentially monopolistic consultancy, 
and encouraging input from the wider open source 
community [60, 61].

• The tool has a user interface that allows people to 
see the key results quickly, without having to click on 
regional result pages, as is the case with the BiclaR 
and PCT projects.

As the benefits of strategic planning for cycling become 
more apparent [15], we expect the demand for the 
approach outlined in this paper, and resulting tools, to 
grow. However, the approach is not without limitations 
and does not meet all requirements in Ireland or indeed 
any country where the methods are applied.

5.3  Limitations and future research
The approach has a number of limitations that should 
be understood by practitioners, researchers, advo-
cates, policy makers using the tool. As highlighted 
in Sect.  4.2, we were only able to compare the results 
with a small number of cycle counters and based on 
feedback from workshops. As outlined in the CRUSE 
extension report [reference to be added on publica-
tion], we also undertook validation against Strava data. 
However, more data is needed to better understand 
the accuracy of the baseline results, especially for the 
‘non-POWSCAR’ purposes. We hope this becomes 
possible as Ireland’s cycle counter network expands, 
allowing refinements to the approach (especially the 
spatial interaction model and parameters) to be made. 
Changes that could help mitigate this limitation on the 
user interface side include providing results with con-
fidence intervals or as categories of cycling potential, 
rather than as central estimates, and the visualistion of 
the ‘POWSCAR’ network (which is based on Census 
data) in the web application.

A limitation associated with the approach is its reliance 
on OpenStreetMap (OSM) data. The ‘cycle friendliness’ 
of a route is based on the OSM tags and the routes them-
selves are generated by the CycleStreets routing engine, 
which is based on OSM data. During a conference in Sligo 
where we presented preliminary results, a stakeholder 
with local knowledge pointed out that a quiet route along 
the canal was not being followed. In response, manual 
edits were made to the OSM network, and the results 
currently on the website reflect these changes. However, 
there are many other potential errors in the OSM data 
that have not been corrected. Future work could miti-
gate this by integrating the approach more closely with 
OSM (for example by providing links to enable one-click 
edits of OSM when users click on a route segment) or by 
setting up a workshop to ‘crowdsource’ corrections to 
the OSM data. Furthermore, because there are multiple 
possible users of the tool with different starting points, 
workshops and training events could be valuable if not 
essential to ensure that the tool is used effectively. Such 
events could bring together stakeholders from advocacy 
groups, local authorities, and national governments. 
The siloed nature of transport planning means that such 
diverse stakeholders are rarely in the same room, mean-
ing that a ‘wide boundary’ outcome of the tool could be 
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to bring these groups together (if workshops based on 
the tool are successful).

Another limitation of the approach is that the results 
are ‘static’, reducing its ability to support monitoring of 
growth in cycling, upgrades of existing cycling infrastruc-
ture and dynamic (year-by-year) exposure information to 
estimate crash rates. Exposure information is a key part 
of the European RISM Directive, for reporting collision 
rates of vulnerable road users by 2024. Regular updates to 
the model to generate yearly baseline cycle flow estimates 
could tackle this limitation, although would take substan-
tial resources.

More broadly, the tool’s outputs are limited to just 
one mode of active travel (cycling), ignoring walk-
ing and wheeling, including wheelchair use and a range 
of wheeled devices such as scooters, bike trailers and 
e-cargo bikes that can be used to escort children to 
school. Sustainable transport policies should plan for 
walking, wheeling and cycling, and there are many 
co-benefits of broadly defined active travel interven-
tions that benefit all active modes, such as measures to 
reduce heavy motor traffic speeds and volumes in areas 
and along corridors with high active travel potential. 
This raises the question of whether other active modes 
should be incorporated into the results using the OD-
based approach outlined in this paper, or whether differ-
ent modeling approaches are needed to properly capture 
the shorter distance trips typically made by walking 
[62]. Furthermore, the estimates of cycling presented in 
the CRUSE Tool omit multi-modal trips including pub-
lic transport, and omit trip chaining, due to the need to 
capture a large portion of cycling potential within the 
resource constraints of the project.

A final limitation of the approach relates to how it was 
developed. As described in Sect. 3.6, the development of 
the tool was participatory, but only insofar as people who 
attended our workshops could provide feedback. The 
people who did provide feedback were deliberately cho-
sen as the target audience. In future work we would like 
to collect feedback from a wider range of people, includ-
ing campaigners, service providers (e.g. staff involved in 
travel planning for schools and new developments), and 
groups that are under-represented in transport planning 
processes.

6  Conclusions
The CRUSE Tool is an open access web application for 
strategic cycle network planning and prioritization of 
road safety interventions across Ireland. Building on 
previous work, it provides a nationally consistent evi-
dence base, providing valuable insights to planners and 
other stakeholders in the transport planning process, at 
national and local levels. Because the results are available 

at the route segment level, the tool can be used to iden-
tify ‘weak links’ in the cycle network [63], and to prior-
itize investment in cycling infrastructure to maximize 
health, equality, and other benefits [45, 64]. Furthermore, 
the provision of the evidence in a free and publicly avail-
able website, hosted at cruse. bike, means that it can be 
used by anyone, encouraging wider participation and 
more evidence-based debate about transport planning.

A key feature of the project methodologically is its 
calculation of current and future potential not only 
for travel to work and travel to school, but also for 
other trip purposes, including recreational trips. This 
required the development of spatial interaction mod-
els and estimation of the relative attractiveness of dif-
ferent destinations for different trip purposes, an area 
of active research where new developments could be 
incorporated into the tool in future [65].

As outlined in Sect.  4.2, the tool is already used in 
practice to support more ambitious and data-driven 
planning for safe cycling routes in multiple counties 
across Ireland. We hope that the underlying approach 
provides a basis for future research and development. 
In combination with broader sustainable mobility 
measures and policies to reduce motor traffic speeds 
and volumes, evidence generated by the approach out-
lined in this paper can support the fast and fair decar-
bonisation of transport systems worldwide.
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