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ARTICLE INFO ABSTRACT

Keywords: Contraflow cycling on one-way streets is a low cost intervention that research shows can improve the cycling
Infrastructure experience and increase participation. Evidence from several studies suggest that cyclists on contraflows have a
Sontraﬂow lower crash risk. However, implementing contraflow cycling is often controversial, including in the United
C:;’}‘l”ay streets Kingdom (UK). In this paper we examine whether contraflow cycling on one-way streets alters crash or casualty
Cycling rates for pedal cyclists.

Focusing on inner London boroughs between 1998 and 2019, we identified 508 road segments where con-
traflow cycling was introduced on one-way streets. We identified road traffic crashes occurring within 10 m of
these segments and labelled them as pre-contraflow, contraflow or contraflow removed crashes. We calculated
rates using the number of crashes or casualties divided by the time exposed and generated 95 % confidence
intervals using bootstrap resampling. We adjusted the rates for changes in cordon cycling volume and injury
severity reporting.

There were 1498 crashes involving pedal cyclists: 788 pre-contraflow, 703 contraflow and 7 following con-
traflow removal. There was no change in adjusted overall pedal cyclist crash or casualty rates when contraflow
cycling was introduced. Proximity to a junction doubled the crash rate. The crash rate when pedal cyclists were
travelling contraflow was the same as those travelling with flow.

We have found no evidence that introducing contraflow cycling increases the crash or casualty rate for pedal
cyclists. It is possible that such rates may indeed fall when contraflow cycling is introduced if more accurate
spatio-temporal cycling volume data was available. We recommend all one-way streets are evaluated for con-
traflow cycling but encourage judicious junction design and recommend UK legislative change for mandatory-
two-way cycling on one-way streets unless exceptional circumstances exist.

1. Introduction infrastructure such as segregated cycle lanes or junction remodelling

(Taylor and Hiblin, 2017). It increases the amount of cycling (Bj¢rnskau

Contraflow cycling is where cycling can occur in both directions
along a street that is one-way for motor vehicles. Allowing contraflow
cycling on one-way streets can improve the cycling experience as it
enables cyclists to utilise quieter roads, reduces the distance and energy
required to travel between two points, reduces the route planning
necessary to accommodate differences in outward and return journeys
(PRESTO, 2010) and increases the connectivity of their routes (Putta and
Furth, 2021). It is a low-cost intervention compared to other cycling
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etal., 2012; Pritchard et al., 2019; Ryley and Davies, 1998), results in re-
routing onto the new infrastructure (Pritchard et al., 2019) and off main
roads (Alrutz et al., 2002) and reduces cycling on pavements (Alrutz
et al., 2002; Bjgrnskau et al., 2012; UDV, 2016). Concentrations of one-
way streets, such as those found in urban environments, that do not
allow contraflow cycling violate core design principles for cycling
infrastructure networks and routes by reducing coherence, directness,
attractiveness and comfort (DfT, 2020a). This discourages people from
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cycling and challenges ambitions to increase cycling participation (DfT,
2020b).

In the United Kingdom (UK) the introduction of contraflow cycling
on one-way streets is often controversial (e.g. Bloxham, 2008; Pettitt,
2011; Taylor, 2008) with planned schemes cancelled due to public op-
position (e.g. Ryley and Davies, 1998; Roberts, 2020) and people cycling
the ‘wrong way’ down one-way streets pilloried, including the former
Prime Minister (BBC News, 2008). In contrast, in Europe such schemes
are standard practice (UDV, 2016; Depoortere, 2019) and UK Cycling
Infrastructure Design Guidance states that contraflow cycling should be
implemented unless it is unfeasible for financial, operational or safety
reasons (DfT, 2020a).

A key concern expressed in the UK is that contraflow cycling may
increase road traffic crashes. Reasons suggested for this by Police Scot-
land include: narrow road widths resulting in close passing between
motor vehicles and contraflow pedal cycles; reduced eye contact be-
tween motor vehicle drivers and contraflow cyclists, particularly when
motor vehicles are exiting parking spaces or where the direction of the
one-way street changes; and omission of specific infrastructure such as
painted cycle lanes or junction changes (Police Scotland, 2021). This
concern is at odds with the evidence-base on contraflow cycling.
Allowing contraflow cycling on one-way streets does not increase road
traffic crashes (Alrutz et al., 2002; Ryley and Davies, 1998; Vanden-
bulcke et al., 2014). Instead it has been shown to reduce cyclist crash
risk (Chalanton and Dupriez, 2014; Vandenbulcke et al., 2014; UDV,
2016) and may reduce crash numbers, density and severity (Alrutz et al.,
2002). Contrary to the opinion expressed above, conflicts and crashes
have been shown to be greater for cyclists travelling with motor vehicle
flow on one-way streets rather than contraflow (Alrutz et al., 2002;
Chalanton and Dupriez, 2014) whilst motorists have been shown to
reduce vehicle speed when encountering contraflow cyclists on narrow
one-way streets and increase speeds as the road widens (Alrutz et al.,
2002; UDV, 2016). However, this evidence base is predominantly based
in mainland Europe, using short time scales (three to four years) and a
few hundred crashes. The sole UK observational study examined five
contraflow one-way streets with one day of video counts pre- and post-
implementation and an analysis of crash data for three years before and
eight months after introduction (Ryley and Davies, 1998). They found
that cycling flow increased by 54 % after introduction (partially
attributed to seasonal variation) with no crashes reported on these
streets before or after contraflow cycling.

To enable contraflow cycling on one-way streets in the UK the local
transport authority must issue statutory orders known as Traffic Regu-
lation Orders (TRO) (Road Traffic Regulation Act 1984, 1984). Initially
a TRO proposal is consulted upon with the public and interested parties
then subsequently a TRO is issued to introduce the change (The Local
Authorities” Traffic Orders Regulations, 1996). This process was made
easier for transport authorities in 2011 when changes to contraflow
traffic sign legislation (DfT, 2011a) increased clarity for all road users
(Sewell and Nicholson, 2010) and reduced the administrative burden.

London provides a unique environment to improve the existing ev-
idence base and provide meaningful evidence in the UK context of the
impact of introducing contraflow cycling on road traffic crashes. Firstly,
there are numerous one-way streets with contraflow cycling. Secondly,
the TRO for the roads that allow contraflow cycling, including the
crucial implementation date, is published in The Gazette (TSO, 2022b)
and available online. Thirdly, the volume of cycling has increased
dramatically (Tfl, 2019a) so the exposure of cyclists to contraflows is
higher than in other UK locations. Fourthly, there is open data available
for all road traffic crashes (DfT, 2022a). Finally, all of this data and
information is available for decades thus providing long time-scales and
large volumes of data for examination.

This paper presents an analysis of the impact of contraflow cycling
on road traffic crashes using a before and after method. We identify road
segments that implement contraflow cycling over a 22 year period in
inner London and examine road traffic crashes involving pedal cycles
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occurring within 10 m of these road segments prior to and following
contraflow cycling introduction. After describing the road segments,
crashes, casualties and vehicles involved, we calculate crash rates using
time exposed to the road segment as the denominator. We then present
crash rates where the number of crashes has been adjusted for the
change in cyclist volume using manual cordon counts indexed to the
baseline year. Here we specifically focus on aspects such as proximity to
junctions (a known risk factor for pedal cycle crashes e.g. Aldred et al.,
2018; Kapousizis et al., 2021), significant change to the road segments
(for example, two-way street to one-way with contraflow cycling) and
pedal cyclist direction (with or contraflow). Finally we examine the
pedal cyclist casualty rates to investigate whether introducing contra-
flow cycling has an impact on injury severity and thus associated costs
and consequences.

2. Methods
2.1. Study period and location

London was chosen as the study location for the reasons outlined
above: it is a large city with good data on road traffic crashes and ca-
sualties, cycling levels, and contraflow infrastructure, including intro-
duction dates. We focused on the 14 London boroughs that constitute
central and inner London (GLA, 2021) as these are where the majority of
one-way streets with contraflow cycling are located and have the highest
cycling participation (Tfl, 2019a). The start date of the study period, 1st
January 1998, was selected as this is the date the first electronic TRO
records became available online in The Gazette. The end date, 31st
December 2019, was chosen as it is the last day of the year prior to the
COVID-19 pandemic, which had a significant impact on UK transport
(DfT, 2022b; Hadjidemetriou et al., 2020) and road traffic crashes (DfT,
2021a).

2.2. Data

2.2.1. Road segments that allow contraflow cycling

We collected primary data on the road segments with contraflow
introduction from the TROs identified using the online search facility of
The Gazette (TSO, 2022b). For each road segment, the following data
was recorded: borough name, road name, description of contraflow
spatial extent (for example, between junctions X and Y), contraflow start
and/or stop date. We consider these variables to define the ‘uniqueness’
of a road segment. For each TRO, details including ID, date of publica-
tion and action (consultation, introduction or revocation) were recorded
(Table A1). Significant changes to the road segments such the intro-
duction of a one-way street or a contraflow bus lane and whether
additional cycling infrastructure such as segregated cycle lanes were
proposed were collected where clearly specified in the TRO. As some
TROs are consulted upon but not introduced or introduced and removed,
we cross-referenced each road segment to ensure it existed or had
existed using The Gazette (if there was only a consultation TRO), the
London Cycling Infrastructure Database (CID, Tfl, 2019b) and Open-
StreetMap (OSM, OpenStreetMap contributors, 2022). We also used
these sources to validate that all road segments were true one-way
streets with contraflow cycling rather than ‘false’ one-way streets
where motor vehicles can travel in both directions but only pedal cycles
are able to enter at both ends of the segment.

We validated the completeness of our road segment data by identi-
fying all roads that allow contraflow cycling in the CID and OSM and
then using these road names as free text searches in The Gazette to
identify any TROs that may have been missed by the initial search. The
detected TROs were reviewed and managed as described in the previous
section.

Spatial data for each road segment was obtained from the CID or
OSM when present in these datasets. If not present, segments were
visualised in OSM and their spatial data constructed from connecting
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discrete OSM point locations that represent the spatial extent specified
in the TRO.

Following the primary data collection we performed various vali-
dation checks to ensure the data was correct. These included ensuring:
uniqueness of each road segment; no duplication of data; that variables
do not contradict each other; and that dates are appropriate and within
the study period. We reviewed missing data to ensure it was truly
missing, visualised the data on maps and examined road segment
lengths to ensure these were correct and appropriate. Where any con-
cerns were identified we returned to the TRO, CID or OSM to validate or
correct the data.

2.2.2. UK road traffic crash data

We obtained the official UK road traffic crash data (DfT, 2022a),
known as STATS19, corresponding to the years of our road segment data
collection (1998 to 2019 inclusive). This data contains “All road acci-
dents involving human death or personal injury occurring on the
Highway ... and notified to the police within 30 days of occurrence, and
in which one or more vehicles are involved” (DfT, 2011b, pg. 4). It
contains in depth data that describes the crash, its circumstances, the
vehicles involved and the casualties. We excluded crashes that were
‘self-reported’ as this facility was introduced late in the study period
(2016) and use of this data is not recommended when comparing across
years (DfT, 2020e).

2.2.3. Cyclist volume data

We obtained the official manual count data of the volume of pedal
cycles crossing traffic counter ‘cordons’ into central, inner and outer
London during the study period from Transport for London publications
(TFL, 2019c; TFL, 2021). As some official counts are only performed
biennially, interpolation was used to impute count data for the missing
years. The only exception to this was 2019 inner cordon count data. As
there was no 2020 inner cordon count data, the 2019 inner cordon count
data was estimated by calculating the mean difference in percentage

Raw precontraflow crash rate (crashes per 100 years of exposure)
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(highway width is determined by OSM highway type (Allan et al., 2022).

2.3.2. Categorising pedal cycle crashes

We limited crashes to those linked to a road segment with a known
contraflow start date. Using the start date along with the date the con-
traflow was removed (if appropriate), each crash was categorised as
occurring during the pre-contraflow, contraflow or contraflow removed
time period. For each pedal cyclist crash we identified the vehicles
involved, casualties injured and whether the cyclist was travelling ‘with
flow’ or ‘contraflow’. We removed crashes that met the definition of a
single bicycle crash (all crash types in which only the cyclist is involved,
Schepers et al., 2015) as they are likely to be under-reported in crash
datasets (Davidson, 2005; Jeffrey et al., 2009; Juhra et al., 2012).

STATS19 contains a variable that indicates whether a crash is within
20 m of a junction or roundabout. We reduced this distance to 10 m to
have a greater sample of crashes occurring away from intersections. We
utilised the trafficalmr R package to identify all road junctions and
roundabouts in inner London in 2019 and used this to determine if a
crash occurred within or beyond 10 m of these intersections.

2.3.3. Estimating pedal cyclist crash and casualty rates

To estimate the crash rate we used the number of crashes that
occurred during the 22 year study period prior to, during or after the
contraflow was removed (numerator) and divided it by the duration of
time exposed to unique road segments in that status during that 22 year
period (denominator). This duration of time exposure for each road
segment in the three possible statuses was calculated in days from the
study start date, contraflow start date, contraflow stop date (if removed)
and study end date. For example, the pre-contraflow crash rate is the
total number of crashes that occurred on road segments with contraflow
start dates prior to contraflow cycling being introduced divided by the
total amount of time all the road segments with contraflow start dates
were ‘pre-contraflow’ (Eq. (1)).

Total number of crashes occurring on road segments during the precontraflow period (€]

(Total number of days during the 22 years that road segments were precontraflow/365) x 100

change for central and outer counts and applying this to the 2018 inner
count. Spatial data for traffic counter cordons was generated in QGIS by
geo-referencing a static map (TFL, 2022) and creating spatial polygons
representing the cordons.

2.3. Data analysis

2.3.1. Identifying pedal cycle crashes associated with contraflows

Spatial joins were used to identify all crashes involving pedal cycles
that occurred within 10 m of contraflow interventions. Where crashes
could be spatially associated with more than one road segment, they
were allocated to the nearest road segment. The 10 m distance was
chosen as it takes into account the multiplicity of street designs that
contraflow cycling on one-way streets may encompass (DfT, 2020a);
differences in road segment spatial geometry collection (e.g. CID v
OSM); and changes in the positional accuracy of crash data location over
time (DfT, 2005; DfT, 2011b). This distance was visually validated by
checking that the 10 m buffer covered the road segment in OSM

However, during the study period the amount of cycling changed
significantly. This means the total exposure of pedal cyclists to the road
segments is likely to have changed and that the number of crashes that
occurred in 1998 is not comparable to that of 2019. To account for this
we created an index of cycling volume baselined to 1998 for each of the
three cordon counts (outer, inner and central London). We adjusted the
annual number of crashes occurring in each cordon location by the
cordon-specific cycling volume index for that year (Eq. (2)) and then
calculated the adjusted crash rate (Eq. (3)). Crash rates calculated in this
manner are referred to as adjusted rates as opposed to raw rates in this

paper.
Adjusted number of crashes occurring precontraflow by year [i] and cordon [j] =

Raw number of crashes occurring precontraflow inyear [i| and cordon [j]

Index of cycling volume inyear [i] and cordon [j]

@
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Pedal cyclist casualty rates were calculated using the same approach
as the crash rates. However, because there were changes in the way that
‘severe’ and ‘slight’ casualty injuries were classified during the study
period, we limited the casualty rate analysis to 2005-2019 data as rec-
ommended by the Department for Transport (DfT, 2021b; DfT, 2020c).
We calculated raw rates and then calculated rates adjusted for the
change in severity categorisation using crash-specific, casualty-level
adjustment probabilities produced for this purpose (DfT, 2020d). Finally
we calculated casualty rates adjusted for both change in injury severity
categorisation and change in cordon cycling volume.

2.3.4. Estimating uncertainty of rates

We wanted to estimate the uncertainty around our rates. To achieve
this we utilised the bootstrapping method and generated 1000 random
resampled datasets from our crash and casualty datasets. The resampling
was done with replacement to generate bootstrap datasets that were of
the same size as the original datasets (Efron and Tibshirani, 1986). For

each bootstrapped sample we derived the relevant raw and adjusted
rates. We then calculated the standard error from the standard deviation
of our bootstrap sampling distribution of rates and a 95 % confidence
interval for the rate by calculating the 2.5 % and 97.5 % percentiles of
the bootstrap sampling distribution.

2.3.5. Replication materials

There is additional information about the methods used in Appendix
A. The road segment dataset that we collected is available at https://gith
ub.com/PublicHealthDataGeek/Contraflow_cycling safety. Code used
in the analysis is available at https://github.com/PublicHealthDataG
eek/Contraflow_cycling_safety.

3. Results
3.1. Road segments with contraflow cycling

We identified 508 unique road segments that had TROs published
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Table 1
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Characteristics of crashes involving pedal cycles within 10 m of road segments by crash segment status occurring between 1st January 1998 and 31st

December 2019 (inclusive). These characteristics are derived from the STATS19 dataset. Data is presented as ‘number (percentage)’ unless otherwise stated.

Characteristics Crash segment status
Pre-contraflow  Contraflow  Contraflow removed
Number of crashes 788 703 7
Total number of vehicles 1550 1352 13
Mean number of vehicles per crash (SD) 2.0 (0.3) 1.9 (0.3) 1.7 (0.4)
Total number of casualties 819 740 8
Mean number of casualties per crash (SD) 1.0 (0.3) 1.1 (0.2) 1.1 (0.4)
Crashes involving cyclist casualties 753 (95.6) 652 (92.7) 6 (85.7)
Crashes involving pedestrian casualties 42 (5.3) 63 (9.0) 1(14.3)
Mean road segment speed limit in mph (SD) 29.9 (1.3) 27.8 (4.2) 30.0 (0.0)
Crash severity Fatal 6 (0.8) 4 (0.6) 0(0.0)
Serious 90 (11.4) 98 (13.9) 1(14.3)
Slight 692 (87.8) 601 (85.5) 6 (85.7)
Vehicles involved in crash with the pedal cycle ! Car 448 (56.9) 361 (51.4) 2(28.6)
Light Goods Vehicle 99 (12.6) 75 (10.7) 0(0.0)
Taxi 79 (10) 86 (12.2) 2 (28.6)
Single pedal cycle — no additional vehicle 40 (5.1) 62 (8.8) 1(14.3)
Bus, coach or minibus 40 (5.1) 40 (5.7) 1(14.3)
Motorcycle 36 (4.6) 29 (4.1) 0 (0.0)
Heavy Goods Vehicle 31(3.9) 34 (4.8) 1(14.3)
Other vehicle type 6 (0.8) 5(0.7) 0(0.0)
Two pedal cycles 3(0.4) 9(1.3) 0 (0)
Two motor vehicles 6 (0.8) 2(0.3) 0 (0)
Police officer attended the scene Yes 531 (67.4) 517 (73.5) 6 (85.7)
No 194 (24.6) 184 (26.2) 1(14.3)
Data missing or out of range 63 (8.0) 2(0.3) 0 (0.0)
Junction details At or within 20 m of a junction or roundabout 726 (92.1) 656 (93.3) 7 (100.0)
Not at or within 20 m of a junction or roundabout 62 (7.9) 47 (6.7) 0 (0.0)
First road class 2 A 498 (63.2) 383 (54.5) 6 (85.7)
B 64 (8.1) 43 (6.1) 0 (0.0)
C 141 (17.9) 193 (27.5) 0(0.0)
Unclassified 85 (10.8) 84 (11.9) 1(14.3)
Road type Single carriageway 602 (76.4) 533 (75.8) 7 (100.0)
One way street 36 (4.6) 99 (14.1) 0(0.0)
Dual carriageway 56 (7.1) 52 (7.4) 0 (0.0)
One way street slip road 88 (11.2) 8(1.1) 0 (0.0)
Unknown 3(0.4) 1(0.1) 0 (0.0)
Roundabout 3(0.4) 10 (1.4) 0(0.0)
Light conditions Daylight 618 (78.4) 530 (75.4) 7 (100.0)
Darkness 170 (21.6) 173 (24.6) 0 (0.0)
Weather conditions Fine 715 (90.7) 631 (89.8) 7 (100.0)
Rain, snow, fog or other 61 (7.7) 67 (9.5) 0 (0.0)
Unknown 12 (1.5) 5(0.7) 0(0.0)
Road surface conditions Dry 692 (87.8) 607 (86.3) 6 (85.7)
Wet, icy or muddy 96 (12.2) 96 (13.7) 1(14.3)
Day of week 160
L 120
c
2 80
(& ]
40
0
Hour of day
€
=
3
0 6 12 18 24

1Each crash involves a pedal cyclist. Crashes may involve one or more pedal cycles and one or more other vehicles. ‘Single bicycle crashes’ that involve a single pedal
cycle and a single pedal cyclist casualty are excluded from this analysis.
2A roads are major roads providing large-scale transport connections and B roads connect different areas and A to C roads. C roads are smaller roads whilst unclassified

are local roads for local traffic (DfT, 2012).

between 1st January 1998 and 31st December 2019 (inclusive) to
introduce contraflow cycling in inner London boroughs. These road
segments measure 64.4 km in total length. Ten road segments had
contraflow cycling removed (Fig. 1c). Significant changes to the roads
included the conversion of 115 (22.6 %) segments from two-way for
vehicles to one-way and the introduction of contraflow bus lanes on 11

(2.2 %) segments. Some TROs mentioned that one or more specific types
of additional cycling infrastructure was to be introduced on road seg-
ments, namely cycle lanes (139, 27.4 %), segregated cycle lanes (19, 3.7
%) and cycle tracks (7, 1.4 %) (see Fig. Al for images of UK infra-
structure). Contraflow cycling was allowed on a footway in seven (1.4
%) segments.
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The road segments are spatially concentrated in central London
(Fig. 1b). There is considerable variation between the 14 London bor-
oughs with City of London (the smallest borough in terms of geographic
area) introducing the most (93) whilst Tower Hamlets introduced just
five during the study period (Fig. 1d, Table B1). There are differences
between boroughs in terms of when they introduced contraflow cycling
(Fig. 1c and 1d). Immediately prior to and in the year following the
relaxation of traffic sign legislation in 2011, there was significant
expansion in many boroughs and exponential growth in City, Southwark
and Lambeth. Two boroughs have consistent low-levels of contraflow
introduction; Tower Hamlets and Hammersmith and Fulham.

For 35 road segments, a contraflow start date could not be identified

(6.9 %). This is because these road segments have a ‘Consultation’ but
not a ‘Introduction” TRO. They are known to exist through validation
with the CID and/or OSM. However, this means that these segments are
not used in our crash analysis as we are unable to identify whether a
crash occurred before or after contraflow implementation.

3.2. Road traffic crashes involving pedal cycles within 10 m of road
segments

We identified 1498 crashes involving pedal cycles within 10 m of a
road segment identified in section 3.1 that had a contraflow start date (n
= 306) between 1st January 1998 and 31st December 2019 (inclusive).
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Table 2

Characteristics of casualties in crashes involving pedal cycles within 10 m
of road segments by crash segment status occurring between 1st January
1998 and 31st December 2019 (inclusive). These characteristics are all
determined from the STATS19 dataset. Data is presented as ‘number
(percentage)’.

Characteristics Crash segment status
Pre- Contraflow  Contraflow
contraflow removed
Total number of casualties 819 740 8
Casualty Cyclist 755 (92.2) 662 (89.5) 6 (75.0)
type Pedestrian 44 (5.4) 64 (8.6) 1(12.5)
Motorcyclist 10 (1.2) 9(1.2) 0 (0.0)
Car driver or passenger 8(1.0) 2(0.3) 0 (0.0)
Other 2(0.2) 3(0.49) 1(12.5)
Casualty Fatal Cyclist 6 (0.7) 3(0.4) 0 (0.0)
severity Pedestrian 0(0.0) 1(0.1) 0 (0.0)
1 Serious  Cyclist 76 (9.3) 79 (10.7) 1(12.5)
Pedestrian 12 (1.5) 19 (2.4) 0 (0.0)
Motorcyclist 1(0.1) 1(0.1) 0 (0.0)
Car 1(0.1) 0 (0.0) 0 (0.0)
Slight Cyclist 673 (82.2) 580 (78.4) 5 (62.5)
Pedestrian 32 (3.9 45 (6.1) 1(12.5)
Motorcyclist 9 (1.1) 8(1.1) 0 (0.0)
Car 7 (0.9) 2(0.3) 0 (0.0)
Other 2(0.2) 3(0.49) 1(12.5)

'In November 2015 London Police Forces moved to injury-based classifications
systems for casualty severity to standardise the severity assessment. (DfT,
2021b). Adjustment probabilities have been developed so that severity can be
compared across the years (DfT, 2020c; DfT, 2020e). The data presented in this
table is unadjusted.

Of these crashes, 788 occurred before whilst 703 occurred during the
time period when contraflow cycling was legally allowed and a further 7
occurred after contraflow cycling was rescinded. Our remaining analysis
is focused on these 1498 crashes where we have determined the crash
timescale in relation to the road segment status, referred to as ‘crash
segment status’.

Table 1 shows the characteristics of the crashes by crash segment
status. In general, the characteristics of crashes that occurred before or
when contraflow cycling is allowed are very similar. The mean number
of vehicles involved per crash was 1.9-2.0, the mean number of casu-
alties was 1.0-1.1 and the mean road speed limit was 30 mph or less (the
normal speed limit for UK built-up areas (DfT, 2022c)). The vast ma-
jority of crashes resulted in cyclist casualties with less than 10 % having
pedestrian casualties. Fortunately, very few crashes were fatal and less
than 14 % considered serious. The commonest other single vehicles
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involved in these crashes with pedal cyclists are cars, taxis and light
goods vehicles which account for around three-quarters of crashes. Over
92 % of crashes occurred within 20 m of a junction or roundabout
despite only 63 % of road segment length being within 20 m of a junc-
tion (Table B2). Over 75 % occurred on single carriageway roads and
over 54 % occurred on A roads. Crashes tended to occur in daylight
hours (over 75 %), in fine weather (90 %) and on dry roads (86 %). Most
crashes occurred in rush hours on weekdays. It is hard to draw any
conclusions about crashes that occurred after contraflow cycling is
removed due to the small numbers.

Fig. 2 shows the 1498 crashes involving pedal cycles, each repre-
sented as a dot, arranged vertically by road segment and ordered from
left-to-right as they occurred over time (please see Fig. B1 and Table B3
for a breakdown by additional cycling infrastructure mentioned in the
TRO, for example cycle lanes). Only 306 (60 %) out of the 508 road
segments had a crash within 10 m. Some road segments have a greater
number of crashes, represented by more dots along their horizontal row.
This is particularly obvious for crashes associated with road segments
where contraflow bus lanes are introduced with contraflow cycling
(lowest pane). There were 212 crashes on these 9 road segments despite
this action only affecting 11 (2.2 %) of all road segments. 80 (37.7 %)
crashes occurred before and 132 (62,3%) occurred after the new con-
traflow bus lane was introduced. For road segments that were two-way,
176 (60.7 %) crashes occurred before they became one-way streets with
contraflow cycling and 114 (39.3 %) occurred afterwards. For the
existing one-way streets, 532 (53.4 %) crashes occurred before contra-
flow cycling, 457 (45.9 %) occurred after and 7 (0.7 %) occurred
following contraflow removal.

3.3. Casualties

The 1498 crashes within 10 m of a road segment resulted in 1567
casualties of which 1423 were cyclists, 109 were pedestrians, 19 were
motorcyclists, 10 were car occupants and six were ‘other’ (Table 2). The
majority of crashes resulted in just one casualty (96 %) but 57 crashes
had two casualties and three crashes had three, four and eight casualties
each. There were 10 fatalities, nine of whom were cyclists with 60 % of
these occurring in the pre-contraflow period. There were 189 seriously
injured casualties of whom 83 % were cyclists and 16 % pedestrians and
1368 slightly injured casualties with cyclists accounting for 92 % and
pedestrians 6 %. Only 9 % of non-cyclist, non-pedestrian casualties
experienced a serious injury from the crashes with the rest being slightly
injured.

3.4. Pedal cycle direction

Utilising the STATS19 vehicle direction variables, the spatial
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Fig. 3. a) cordon counts of number of cyclists over time and b) spatial location of crashes and the central and inner cordon s. Circle points (a) indicate values
interpolated from data whereas dots (a) show actual count data. Numbers in (b) show the number of crashes occurring within each cordon. Count data sources: TFL

(2019e) and TFL (2021). Colour palette: Wong (2011).
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Fig. 4. Crash rates involving pedal cyclists per 100 years of exposure by crash segment status. Rates are presented as raw and adjusted for cordon cycling
volume (1998 index) as: overall; by proximity to junctions or roundabouts (within 10 m); by significant change to road segments; and by pedal cycle
direction. Visualisation shows point estimates for rates with 95 % confidence intervals generated by bootstrapping. n represents the number of crashes, rounded to

the nearest integer for adjusted data.

orientation of the road segment, the crash location and the crash
segment status, we could determine whether the pedal cycle was trav-
elling with or against the motor vehicle traffic flow. This data is shown
in Table B4. The commonest pedal cycle direction is ‘direction not
compatible’ and that this proportion is greatest for crashes within 10 m
of a junction or roundabout (up to 76 %). This indicates that these pedal
cyclists are turning rather than travelling with or contraflow along the
road segment.

Focusing on road segments that had been one-way streets, there are
pre-contraflow crashes where cyclists are travelling illegally contraflow
but this proportion is lower than the with-flow crashes, for example it is
15.3 % v 27.1 % for crashes more than 10 m from a junction. Looking at
segments that were two-way streets, the proportion of crashes where the
pedal cyclist is travelling contraflow is similar to that of one-way streets

- around 21-28 %. Where the contraflow was removed, none of the
seven crashes had a pedal cycle direction.

3.5. Changes to cordon cycling volume over time

The number of people cycling and thus the number of people
potentially exposed to cycling on roads with contraflows in London has
changed during the study time period. Fig. 3a shows the number of pedal
cycles counted crossing cordons around outer, inner and central London
over time (cordons shown in Fig. 3b). This demonstrates a large increase
in the number of pedal cycles entering London with the volume doubling
(inner) and tripling (central) over time. The number of crashes within
our study area also varies in relation to these cordons with 5.7 %
occurring outside the inner cordon, 42.0 % occurring between the inner



C. Tait et al. Accident Analysis and Prevention 179 (2023) 106895
Raw
0 5 10 15 n
Pre-contraflow | @ 4 Fatal
Contraflow | @ 3 e
Pre-contraflow - 30
Contraflow - 72 | Serious
Contraflow removed E—— 1
Pre-contraflow —am— 364
Contraflow —am— 535 | Slight
Contraflow removed - 3
Adj for inj severity
Pre-contraflow | @ 4 Fatal
Contraflow | @ 3
Pre-contraflow - 30
Contraflow - 72 | Serious
Contraflow removed —— 1
Pre-contraflow —— 332
Contraflow —agn— 501 | Slight
Contraflow removed 3
Adj for inj severity
and cyc volume
Pre-contraflow | @ 2 Eatal
Contraflow | @ 1
Pre-contraflow [ ] 16
Contraflow [ ] 31 | Serious
Contraflow removed —— 0
Pre-contraflow - 177
Contraflow - 222 | Slight
Contraflow removed —— 1
0 5 10 15 n

Fig. 5. Pedal cyclist casualty rates per 100 years of exposure by crash segment status and injury severity, 2005-2019. Rates are presented as raw, adjusted
for change in injury severity classification; and adjusted for change in injury severity classification and cordon cycling volume (1998 index). Visualisation
shows point estimates for rates with 95 % confidence intervals generated by bootstrapping. n represents the number of pedal cyclist casualties, rounded to the nearest

integer for adjusted data.

and central cordons and 52.7 % occurring within the central cordon
(Fig. 3b). This change in exposure of cyclists to infrastructure is
important when considering the crash risk to which they may be
subjected.

3.6. Pedal cycle crash rates

In Table B5 we present crash numbers, rates and their 95 % confi-
dence intervals for crashes involving pedal cycles within 10 m of a road
segment. These rates are expressed per 100 years of exposure to the road
segment status (i.e. pre-contraflow, contraflow or following removal) as
raw and adjusted for change in cordon cycling volume baselined to 1998
(we have predominantly included the adjusted rates in our visualisation,
Fig. 4). This allows easier interpretation of the rates, so for example, the
overall adjusted pre-contraflow crash rate is 9.0 which means that we
would expect 9.0 crashes involving pedal cyclists to occur during 100
years of use of these road segments given the levels of cycling that have
occurred over the study period.

Examining the overall crash rate shows that when raw numbers are
utilised there appears to be a higher crash rate when contraflows are

implemented (pre-contraflow crash rate = 12.0, 95 % confidence in-
terval 11.4-12.6 v contraflow crash rate = 18.4, 17.4-19.4, Fig. 4,
Table B5). However, once the number of crashes are adjusted to take
into account the change in cordon cycling volume there is no statistically
significant change in the crash rates when contraflows are implemented
(9.0, 8.5-9.5 v 8.8, 8.2-9.3). This pattern - raw crash rates suggesting a
difference between the pre and contraflow periods that is removed after
accounting for change in cycling volume - exists for most rate compar-
isons. It is hard to draw any conclusions about the impact of removing
contraflow cycling as the number of crashes on these segments are in
single digits and therefore the confidence intervals around these crash
rates are extremely wide.

Focusing now on crashes near junctions or roundabouts, there is no
statistical difference in the cordon cycling volume adjusted crash rates
occurring within or beyond 10 m of a junction between the pre- or
contraflow time periods. However, the adjusted crash rate within 10 m
of junctions is more than double that for crashes occurring over 10 m
away. This is true irrespective of whether they occur in the pre-
contraflow (6.8, 6.4-7.3 v 2.2, 1.9-2.5) or contraflow period (6.1,
5.6-6.6 v 2.7, 2.3-3.1).
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Examining the cordon cycling volume adjusted crash rates by sig-
nificant change to road segment demonstrates differences. Whilst there
is no statistically significant change in crash rate when contraflow
cycling is introduced on existing one-way streets (both rates are 7.4,
6.8-8.0), there is a statistically significant difference when two-way
streets are converted to one-way with contraflow cycling - the crash
rate falls by over a third from 10.6 (8.9-12.0) to 6.3 (5.2-7.6). There is
also a statistically significant drop, again by over a third, in crash rates
when two-way streets are converted to one-way with contraflow bus
lanes and cycling from 85.3 (67.2-104.5) to 46.6 (39.5-55.4).

Comparing cordon cycling volume adjusted crash rates by pedal
cycle direction shows that in the pre-contraflow period the crash rate
involving pedal cycles travelling contraflow illegally on one-way streets
is 0.8 (0.6-1.0) and is comparable to those travelling with flow in the
opposite direction on two-way streets (0.7, 0.5-0.9) but lower than
those travelling with flow (1.5, 1.2-1.8). This illegal contraflow crash
rate is lower than that when people are legally allowed to cycle con-
traflow (2.2, 1.9-2.6). Examining the crash rate when contraflow
cycling is allowed, the rate of crashes involving pedal cyclists travelling
with the motor vehicle flow is identical to the crash rate of those trav-
elling against the flow (both rates are 2.2, 1.9-2.6) and this is true even
for raw rates (4.5, 3.9-5.2). The adjusted crash rate for those whose
direction is not compatible, i.e. they are turning, is double that of those
travelling along the road segment irrespective of whether occurring in
pre-contraflow (6.1, 5.6-6.5) or contraflow (4.4, 3.9-4.8) period. These
pedal cyclist direction rates confirm the earlier finding that pedal cy-
clists travelling on segments between junctions experience lower crash
rates than those near junctions or roundabouts but additionally show
that turning pedal cyclists experience lower crash rates after contraflow
introduction.

3.7. Pedal cyclist casualty rates

In Table B6 we present pedal cyclist casualties numbers, rates and
their 95 % confidence intervals for crashes involving pedal cycles within
10 m of a road segment by injury severity for the years that severity
adjustment factors are available (2005-2019). Again, these rates are
expressed per 100 years of exposure to the road segment status. They are
presented as raw rates and rates adjusted for change in classification of
injury severity and change in cordon cycling volume baselined to 1998.
The casualty rates for the 1012 pedal cyclist casualties injured between
2005 and 2019 are visualised in Fig. 5.

Our analysis shows there is no difference in fatal pedal cyclist injury
rates when contraflows are introduced. The raw rates suggest that
seriously injured pedal cyclist casualties double when contraflows are
introduced (pre-contraflow = 0.9, 0.6-1.3 v contraflow = 1.9, 1.5-2.3)
and that slight injuries increase by nearly a third (11.2, 10.3-12.2 v
14.0, 13.2-14.8). Adjusting for the change in injury severity classifica-
tion only alters the casualty rates for those with slight injuries. It reduces
the slight casualty rate but does not alter the suggestion that they in-
crease by nearly a third when contraflows are introduced. However,
when the changes in cordon cycling volume are taken into consideration
the findings change. There is no statistically significant difference in
rates of pedal cyclist casualties that are seriously (0.5, 0.3-0.7 v 0.8,
0.6-1.0) or slightly injured (5.5, 5.0-6.0 v 5.8, 5.5-6.2) when contra-
flow cycling is introduced.

4. Discussion
4.1. Summary of key findings

During the 22 year study period, 508 road segments in inner London
had contraflow cycling introduced with 10 having it removed. 1498
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crashes involving pedal cycles occurred within 10 m of the 473 segments
with a contraflow start date, although 167 of these road segments were
not associated with any crashes. 788 crashes occurred prior to contra-
flow cycling being implemented, 703 occurred after the contraflow
cycling was allowed and 7 occurred following its removal. Over 92 % of
crashes occurred close to junctions or roundabouts.

Crash rates calculated using raw numbers suggest contraflow cycling
increases crashes involving pedal cyclists. However, when the rate is
adjusted using cordon cycling count data to take into account the sig-
nificant changes in cycling volume that has occurred in London during
the 22 years, there is no difference in overall crash rates before or after
contraflow cycling is introduced.

The presence of a junction or roundabout within 10 m is associated
with a doubling of the crash rate whilst converting a two-way street to
one-way and contraflow cycling, with or without a contraflow bus lane,
is associated with a reduction in the crash rate by over a third. The crash
rate when pedal cyclists are cycling contraflow is identical to those
travelling with the flow of motor vehicles. However, the crash rate when
pedal cyclists are travelling in directions that are not compatible with
the road segment, i.e. they are turning, is double that of cyclists trav-
elling in compatible directions. Illegal contraflow cycling crash rates are
no different than those cycling with flow. The pedal cyclist direction
rates confirm the earlier finding that pedal cyclists travelling on seg-
ments between junctions experience lower crash rates than those near
junctions or roundabouts but additionally demonstrate turning pedal
cyclists experience lower crash rates after contraflow introduction.

Our casualty analysis demonstrates that there is no difference in the
fatal, severely or slightly injured cyclist casualty rate when contraflows
are introduced once change in cordon cycling volume and injury
severity reporting changes are taken into account.

4.2. Interpretation of findings and contextualisation with the literature

Our findings corroborate existing evidence suggesting that there is
no increase in crash risk when contraflow cycling is introduced on one-
way streets (Vandenbulcke et al., 2014; Chalanton and Dupriez, 2014;
UDV, 2016). It may even be true that the crash rate falls when contra-
flow cycling is introduced. This could be the case as contraflow in-
terventions attract more cycling and route substitution onto the new
infrastructure (Pritchard et al., 2019), raising the question of whether
‘safety in numbers’ effects apply to contraflows (Elvik and Goel, 2019).
However, more data on cycling levels on specific road segments,
including those with contraflows, are needed before conclusions on this
question can be answered. If higher cycling volumes than we included in
our adjustment are found on contraflows this would further reduce es-
timates of crash rates on contraflows.

In contrast to the existing evidence (Alrutz et al., 2002; Chalanton
and Dupriez, 2014), we did not find any difference in crash rates for
those travelling with or against motor traffic on road segments with
contraflows. This may be explained by different approaches to calcu-
lating crash rates. We used the time duration of exposure to the different
contraflow states to allow for the fact that some road segments were
‘pre-contraflow’ for most of the 22 years whilst others were ‘contraflow’
for a substantial period whereas Alrutz et al. (2002) and Chalanton and
Dupriez (2014) use total length of contraflow segments and express their
crash rates as ‘per kilometre’. Alrutz et al. (2002) only included crashes
that were indisputably on a contraflow road segment whereas Chalanton
and Dupriez (2014) utilised a 10 m buffer to identify crashes. In common
with both the contraflow cycling and wider cycling infrastructure
literature, including that focussed on London (e.g. Collins and Graham,
2019; Adams and Aldred, 2020), we identify proximity to junctions or
roundabouts as being a significant cyclist crash association.

We found that converting a two-way road to one-way with
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contraflow cycling was associated with reduced adjusted crash rates of
over a third. This contrasts with research from the USA where two-way
streets are considered safer. However, this also reflects contrasting street
designs: in the USA one-way streets tend to be wide, multilane structures
thus conversion to two-way improves safety (Riggs and Gilderbloom,
2016; Riggs and Gilderbloom, 2017). Previous UK research has found
that bus lanes are associated with both increasing (Kapousizis et al.,
2021) and decreasing cycling injury risk (Adams and Aldred, 2020;
Aldred et al., 2018). However, none of these studies have focused on
contraflow bus lanes where we found the adjusted crash rate was over a
third lower after their introduction.

Our findings need to be considered in real world terms. The overall
adjusted crash rates where the pre-contraflow crash rate is 9.0 and the
contraflow rate is 8.8, this equates to a crash occurring on such a road
segment once every 11 years, respectively. Whilst the adjusted severe
pedal cyclist injury rates of 0.5 during the pre-contraflow and 0.8 during
the contraflow period correspond to a single severely injured pedal
cyclist every 200 (pre-contraflow) or 125 (contraflow) years of exposure
to such road segments.

5. Strengths and limitations

Our study is the first large data analysis of crashes occurring on road
segments before and after contraflow cycling has been implemented, to
the best of our knowledge. It examines a substantial time period (22
years) and large physical area (inner London) with hundreds of road
segments. We utilised The Gazette (TSO, 2022a) where it is legally
mandatory for London transport authorities to publish information on
certain road infrastructure changes and the official UK road traffic crash
datasets, both of which should be considered the gold standard for this
data. In line with accepted practice, we have adjusted the crash rate for
cycling exposure both in terms of duration of exposure to the specific
road segment status and cycling volume (Vanparijs et al., 2015). We
used a recognised statistical technique (bootstrapping) to vary crashes
by year and crash timescale in order to estimate uncertainty of our crash
rates and generate confidence intervals.

We believe our pedal cycle direction crash rate analysis provides the
most compelling evidence about safety of contraflows themselves as it
identifies cyclists most likely to be travelling on the road segments as
opposed to those interacting with junctions and negates any crashes that
may have been erroneously included by our 10 m buffering process. We
also believe this is the first analysis of the impact of introducing con-
traflow bus lanes and the first use of injury adjustment factors for UK
road traffic crashes.

Our approach is not without limitations. First, we assumed that the
road segment data coded and provided in The Gazette is high-quality
data and as such is accurate, complete, reliable, relevant and timely
(Wand and Wang, 1996). We have assumed that: all contraflows that
were implemented have a TRO that can be detected using the ‘contra-
flow’ search term; the TRO content contains accurate information about
the contraflow order including location, action and whether consulting,
introducing or rescinding an order etc; and the contraflow start date is
accurate. Furthermore we have assumed that none of the infrastructure
had been changed further unless a new TRO exists. We attempted to
mitigate these issues by validating the TRO data against other datasets
such as the CID and OSM and identifying contraflows in the CID and
OSM and cross-referencing them with The Gazette. It would have
strengthened the analysis if we had been able to consider the additional
cycling infrastructure, for example, cycle lanes, in our rate calculations
as such infrastructure may have affected crashes. This is something that
none of the previous contraflow studies had examined (Pritchard et al.,
2019; Ryley and Davies, 1998; Alrutz et al., 2002; Bjgrnskau et al., 2012;
Chalanton and Dupriez, 2014; UDV, 2016). However, there are
considerable unmeasured aspects of such infrastructure in our data; for
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example, whether it was installed, positional uncertainty and measure-
ment uncertainty. This lack of data coupled with the challenge of how to
include this ‘exposure’ in our rate calculation meant we were unable to
consider this aspect.

Second, the UK road traffic crash dataset has limitations. Concerns
exist around the accuracy of data on vehicle direction of travel and
geospatial crash location (Anderson, 2003; DfT, 2021¢; Imprialou and
Quddus, 2019) and casualty severity reporting (DfT, 2020e). We have
addressed these issues by validating pedal cycle direction against road
axes, using 10 m buffers around the road segments and adjusting casu-
alties using the official severity probabilities. It is known that there is
under-reporting of crashes involving pedal cycles (e.g. Ward et al., 2005;
Jeffrey et al., 2009) and so our rates may not reflect the true number of
these crashes occurring on London roads.

Third, we have not adjusted for all potential confounders. For
example, road traffic crashes involving pedal cyclists are affected by
weather, light conditions, road conditions, driver behaviour and road
speed (Knowles et al., 2009; Prati et al., 2018; Young and Whyte, 2020).
However, our descriptive tables suggest that the crashes, casualties and
vehicles occurring pre and during the contraflow period are comparable
despite occurring at different points during our 22 year study period.

Fourth, whilst we have adjusted for change in cycling volume, our
cycling volume data is based on cordon traffic counters not individual
road segment cycling volume. This data does not accurately reflect
cyclist spatial distribution or volume (von Stiilpnagel et al., 2022). It
also does not take into account potential increases in cycling volume on
the contraflow segment as a consequence of this infrastructure being
introduced (Pritchard et al., 2019). We have also assumed a linear
relationship between crash risk and cycling volume but this does not
make allowances for the safety-in-numbers effect that suggests this
relationship may not be linear (Aldred et al., 2018; Elvik and Goel,
2019). Obtaining and utilising quality cyclist exposure data is difficult
(Vanparijs et al., 2015) and the cordon traffic counters are the best
official open cycling volume data we have for the full duration of the
study period. Additionally, using a long study period, multiple road
segments, official data sets, adjusting over time and aggregating the
rates means that any confounders or systematic biases are likely to even
out over the 22 year period making this the most comprehensive data
analysis of UK pedal cyclist crash risks on contraflows.

5.1. Implications for policy and future research

Our research provides strong evidence that all UK one-way streets
should allow contraflow cycling unless there are compelling reasons
against this position. This is already recommended by the Department
for Transport (DfT, 2020a) and provides a cost-effective alternative to
more substantial cycling infrastructure changes. We recommend all UK
local transport authorities review their one-way (for motor traffic)
streets with a view to allowing contraflow cycling and examine their
two-way streets for potential to reconfigure to one-way streets or con-
traflow bus lanes with contraflow cycling. Our results suggest that safe
junction design should be a priority. We call on national governments to
consider implementing legislative change making it mandatory for one-
way streets to be two-way for pedal cyclists unless there are exceptional
conditions. Such laws have been introduced in Belgium (Depoortere,
2019). More broadly, large scale investment in contraflows will
strengthen cycling networks and routes by not only improving the
coherence, directness, attractiveness and comfort but also their safety,
increasing their level of compliance with design guidance (DfT, 2020a).

The substantial benefits of preventing crashes involving pedal cy-
clists are felt by health services, businesses and the economy as well as
individuals, families and communities. The value of preventing urban
crashes are estimated to be £2.5 million for fatal, £280,000 for severe
and £28,000 for slight crashes whilst the average value of preventing a
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pedal cyclist casualty is £90,000 (2022 estimates, DfT, 2022d). Our
findings suggest that introducing contraflow cycling is an intervention
that may improve road safety and could reduce crash and casualty costs
particularly if it attracts more cyclists who then benefit from a safety-in-
numbers effect. However, our analysis does not consider crashes or ca-
sualties that occur on nearby streets that might have been used by cy-
clists in the pre-contraflow period because there was no contraflow
cycling allowed on their direct route. If these adjacent street crashes and
casualties were considered then additional benefits may be accrued. This
is because pre-contraflow routes may have included busier and faster
nearby roads with concomitant greater number of crashes and casualties
whilst when contraflow cycling is introduced there is greater route
directness and route substitution from the nearby streets onto the new
contraflows that may decrease crashes on these adjacent streets.

Our research has highlighted the difficulties and importance in
obtaining good quality data and evidence around cycling infrastructure
to challenge arguments that are not evidence-based. It may be that other
beliefs and assumptions in this arena are unfounded and under-
researched. This may be due to the long time duration required to
generate enough exposure and crashes and hindered by lack of open
granular data such as actual road speeds, cycling volumes and motor
vehicle volumes. Building on our previous call for open data inventories
of cycling infrastructure (Tait et al., 2022), our research demonstrates
their importance and utility to build the evidence base around cycling
infrastructure. We welcome the proposed new requirement for English
transport authorities to publish standardised open TRO data (DfT,
2022e) as this will enable many types of cycling infrastructure to be
evaluated more easily using the approaches we have demonstrated.

We have shown the importance of using an appropriate denominator
in the calculation of crash rates. When we accounted for the change in
cycling volume we found no evidence that contraflow cycling increases
crash risk. However, our denominator lacked granularity or specificity
for contraflows. We believe our findings could be reproduced and
strengthened by performing the analysis with better cyclist volume data
but to achieve this there must be better monitoring of cyclist volume.
This could be realised through traditional manual counting or newer
technologies such as machine learning analysis of video camera images
(e.g. Foroozandeh Shahraki et al., 2017; Edwardes et al., 2021)
augmented with emerging data sources (Alattar et al., 2021) such as
crowdsourced data to improve the spatial and temporal granularity
(Conrow et al., 2018; Kwigizile et al., 2022).

6. Conclusion

This is the first large-scale analysis of the impact of introducing
contraflow cycling on one-way streets. We have found no evidence that
contraflow cycling infrastructure alters the crash or casualty rate for
pedal cyclists and it may be protective. Crash rates are consistent
whether the cyclist is travelling with or contraflow. Transport author-
ities should consider implementing contraflow cycling on all one-way
streets and consider conversion of appropriate two-way streets to one-
way with contraflow cycling to improve cycling networks and routes.
As crash rates are elevated at junctions and when cyclists are turning,
careful junction design must form part of any such improvement. Gov-
ernments with suitable styles of one-way streets should explore legis-
lative options to make them two-way for pedal cyclists by default.

Our analysis was only possible after intensive primary data collection
from TROs that identified contraflow cycling infrastructure and their
introduction dates and association of this data with spatial road segment
data and spatio-temporal pedal cycle crashes and casualties. We have
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demonstrated an approach that can be replicated, strengthened and
applied to other areas of cycling infrastructure evaluation that are ur-
gently needed through the use of new datasets such as the proposed
digital TRO dataset. Further research on contraflows should utilise new
ways to collect cyclist levels (exposure) and utilise site-specific cycling
volume data to improve rate calculation. Such research should also
investigate the impact of different types of cycling infrastructure
implemented on contraflows and evaluate impact on cycling volume
including route substitution onto the new contraflows. This research
would be strengthened through detailed datasets on the exact nature of
contraflow interventions and the surrounding active travel
environment.
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Appendix A. Additional information about the methods
Road segments that allow contraflow cycling

Relevant TROs were identified by searching The Gazette for Road
Traffic Regulation Act Notices (notice code 1501) (TSO, 2022c) con-
taining the text ‘contraflow’ or ‘contra-flow’ (lower case text search
returned the same results as upper case or capitalised words). Search
results were limited to those in the study time period and location. We
utilised the following search terms to identify TROs issued by relevant
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Table Al

TRO data collection dataset.
Variable name Variable description Source
unique_row_ID Unique ID for row in dataframe Created

Borough
Organisation
road_name
unique_contraflow_ID

road_limits_char
order_action

introduces_one_way_street
Introduces_cf_ Cyclelane
Introduces_cf Cycletrack
Introduces_cf_footway

introduces_contraflow_bus_lane
Enables_cf_cycling_in_bus_lane

Introduces_cf_seg _cyclelane
FEATURE_ID

osm_id

spatial_data_ok

sp_d_not_ok_create_new

point_1

point_2
contraflow_start_date
Evid_contraflow_exists

contraflow_stop_date
notice_id_1
publication_date_1

pub_date_1_source_TRO

tro_type_1
tro_action_1
notice_id_2
publication_date_2

pub_date_2_source_ TRO
tro_type_2

tro_action_2

notice_id_3
publication_date_3

pub_date_3_source_TRO

tro_type_3
tro_action_3

Borough name

Organisation involved (borough, Transport for London, Corporation of London

Road name

Unique ID for the contraflow segment. Unique means unique in terms of road name, road contraflow limits,
borough, contraflow start date, contraflow stop date and the type of action in terms of introducing: one way street,
contraflow cycling, contraflow cycle lane, contraflow cycle track, contraflow cycling in footway, a contraflow bus
lane, contraflow cycling in a bus lane or segregated contraflow cycle lane.

Describes the extent of the contraflow segment e.g. entire length of named road or length of named road between
junctions A and B

Text string that describes action: enable contraflow cycling, contraflow cycle track, contraflow lane, contraflow
cycling in bus lane

TRUE if TRO specifies that one way working/one way street introduced at the same time

TRUE if TRO states a contraflow cycle lane will be introduced

TRUE if TRO states a contraflow cycle track will be introduced

TRUE if TRO specifically mentions allowing contraflow cycling on the footway or if when looking at
OpenStreetMap the area is pedestrianised

TRUE if TRO specifies that contraflow bus lane introduced at the same time

TRUE if TRO states cycling will be allowed in a contraflow bus lane

TRUE if TRO states contraflow cycle lane will be segregated

CID contraflow ID that spatially matches the contraflow

OSM contraflow that spatially matches the contraflow

TRUE if all spatial dimensions of contraflow covered by OSM or CID data, FALSE if it isn’t

TRUE if spatial dimensions of contraflow not covered by CID/OSM data and need to create new spatial object (lat
and long for linestring of spatial object recorded, if line bends then create new line for each part of linestring
lat long of point 1

lat long of point 2

Date contraflow becomes operational

TRUE if have OSM or later TRO that says the contraflow exists, FALSE if no evidence - these ones will probably be
deleted

Date contraflow is revoked

ID for first TRO (the earliest TRO regarding the contraflow)

Publication date of first TRO (defined by content of TRO or if not in content then the "date of publication in the
gazette)

TRUE if the date of publication is contained within the body text of the TRO. FALSE means no date is contained
within the body text of the TRO and instead date of publication in the Gazette is taken as the date

Type of TRO: Permanent or Experimental

Action of TRO: Consultation, Introduction, Revocation

ID for second TRO

Publication date of second TRO (defined by content of TRO or if not in content then the *date of publication in the
gazette)

TRUE if the date of publication is contained within the body text of the TRO. FALSE means no date is contained
within the body text of the TRO and instead date of publication in the Gazette is taken as the date

Type of TRO: Permanent or Experimental

Action of TRO: Consultation, Introduction, Revocation

ID for third TRO

Publication date of third TRO (defined by content of TRO or if not in content then the ’date of publication in the
Gazette)

TRUE if the date of publication is contained within the body text of the TRO. FALSE means no date is contained
within the body text of the TRO and instead date of publication in the Gazette is taken as the date

Type of TRO: Permanent or Experimental

Action of TRO: Consultation, Introduction, Revocation

TRO content
TRO content
TRO content
Created

TRO content
TRO content

TRO content
TRO content
TRO content
TRO content

TRO content

TRO content

TRO content

CID (identified spatially)
OSM (identified spatially)
Decision on examining
spatial data

Decision on examining
spatial data

OSM (identified spatially)
OSM (identified spatially)
TRO content

CID, OSM, TRO content

TRO content

Gazette listing

TRO content (some cases
Gazette listing)

TRO content

TRO content

TRO content

Gazette listing

TRO content (some cases
Gazette listing)

TRO content

TRO content

TRO content

Gazette listing

TRO content (some cases
Gazette listing)

TRO content

TRO content
TRO content
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Full segregation

Cycle lane is physically
separated from main
carriageway, usually using a
continuous or near continuous
kerb or island.

Part segregation

Cycle lane is delineated using
intermittent objects such as
planters, wands or bollards.

Cycle track

Cycle tracks are off the
carriageway.

Fig. Al.

bodies not listed in the drop-down borough search option: ‘Transport for
London’, ‘Corporation of London’, ‘City of London’ and ‘City of
Westminster’.

Each TRO description was read to identify new contraflow cycling
interventions on specific road segments and their details Table A1. Some
TRO specified that additional cycling infrastructure was due to be
introduced. Fig. Al illustrates the UK types of additional cycling infra-
structure that may be introduced (NB images do not necessarily show
how such infrastructure would look on a contraflow street).

Changes to unique segments, for example upgrading to segregated
contraflow cycle lanes, were captured as separate data observations.
Subsequent TROs, for example a second TRO ordering the introduction
of contraflow cycling following a consultation TRO, were also captured
and linked to previous TRO.

Cyclist volume data

Manual cordon count data for all types of traffic has been collected
since 1971 by Transport for London (TFL, 2012). 3 cordons exist
covering central, inner and outer London. Counts are taken on every
road site crossing the cordon. They are performed four times each hour
between 6am and 10 pm on weekdays. Some additional counts have
been made on weekends to enable comparison between weekdays and
weekends, Central cordon counts are performed in autumn whilst inner
and outer cordon counts are performed in the summer. For our study
period the following cyclist cordon counts data was available (TFL,
2019c; TFL, 2021). Central cordon data was available for the year 1999
and then for all years between 2001 and 2019. For the inner London
cordon, counts were available for the years 1999, 2002, 2004, 2005,
2008 and biannually until 2018 that whilst outer cordon counts were
available for the years 1998, 2001, 2004, and biannually from 2007 to
2019.
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Mandatory cycle lane

Cycle lane delineated using
continuous painted white line
and motor vehicles prohibited
within it.

Advisory cycle lane

Cycle lane delineated using
intermittent painted white line
but no prohibition for other
vehicles.

Contraflow cycle lane
shared with buses

Types of UK cycling infrastructure (images taken from TFL 2019d).

Pedal cycle direction

We utilised the following method to identify the direction the pedal
cycle was travelling in relation to whether this was ‘with flow’ or
‘contraflow’. The direction the pedal cycle was travelling in was ob-
tained from the STATS19 variables “vehicle direction from’ and ‘vehicle
direction to’. We identified the traffic flow direction on the road seg-
ments from the TRO and/or OSM. Where the pedal cycles’ direction
from and to matched the axis of the road segment traffic flow then the
pedal cycle flow was defined as either: ‘with flow’; ‘with flow (opposite)’
when travelling in the opposite direction on a pre-contraflow or con-
traflow removed road segment that was two-way; ‘contraflow (illegal)’
when travelling against the flow on a one-way street prior to contraflow
introduction; or ‘contraflow’ when travelling contraflow when contra-
flow cycling was allowed. Where a pedal cycle direction did not match
the axis, for example, travelling perpendicular or the ‘from’ matched but
the ‘to’ did not these were labelled as ‘Direction not compatible’ and
assumed to be travelling on other road segments (such as at a crossing)
or turning on or off the road segment. For road segments that had more
than one axis, for example, those that have a bend, the road segment and
crashes were visually mapped to identify the axis at the crash location
and the appropriate flow was then attributed.

When calculating crash rates by pedal cycle direction, we included
all pedal cycles where we have a vehicle direction. This means that in
the small number of crashes where two pedal cycles were involved, these
are both included in the numerator.

Appendix B. Additional results tables

(See Fig. B1 and Tables B1 — B6).
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Contraflow cycling only

b8 g YRS
"o -’. o & [) ...and one-way street
o PU8 o for

...and contraflow bus lane

Unique road segments

1998 2002 2006 2010 2014 2018
Crash date

@  Pre-contraflow @ Contraflow @  Contraflow removed

Cycle lane Cycle lane with some segregation Cycling in contraflow bus lane

L ol

® Pre-contraflow e Contraflow

Fig. B1. Dot visualisation of all crashes involving pedal cycles within 10 m of a road segment by unique road segment (vertical position); date of crash
(horizontal position); crash segment status (colour); and significant change to road segments (pane). Top visualisation represents all crashes. Lower visu-
alisations highlight crashes by additional cycling infrastructure mentioned in Traffic Regulation Order. The seven contraflow removed crashes have been omitted to
aid visualisation.
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Table B1
Number (%) of contraflow cycling road segments introduced by borough.
Borough Number (%)
City of London 93 (18.3)
Southwark 85 (16.7)
Lambeth 63 (12.4)
Camden 60 (11.8)
Kensington and Chelsea 45 (8.9)
Westminster 33 (6.5)
Hackney 29 (5.7)
Newham 23 (4.5)
Lewisham 19 (3.7)
Greenwich 16 (3.1)
Islington 16 (3.1)
Wandsworth 13 (2.6)
Hammersmith and Fulham 8 (1.6)
Tower Hamlets 5(1.0)
Table B2
Calculation of proportion of road segment length within 20 m of a junction.
Number of road segments with a crash 306
Total length of these road segments within 20 m of a junction* 27564 m
Total length of these road segments 43805 m
Proportion of road segment length within 20 m of a junction 63 %

* Junctions extracted from OSM January 2019 data.

Table B3

Number of unique road segments where contraflow cycling was introduced by significant change to road segments, additional cycling infrastructure,
whether they had a crash on the road segment or not and crash segment status; and number of crashes by significant change to road segments, additional
cycling infrastructure and crash segment status.

Significant change to road  Additional cycling Number of unique road segments (proportion of total number of Number of crashes
segment infrastructure segments)
mentlorfed in Traffic Total  Any Crash segment status Crash segment status
Regulation Order crash
Pre- Contraflow  Contraflow Pre- Contraflow  Contraflow
contraflow removed contraflow removed
Contraflow cycling only No additional action 265 167 137 (51.7) 92 (34.7) 0(0) 346 204 0
(63)
Cycle lane 71 48 29 (40.8) 33 (46.5) 1(1.4) 83 96 7
(67.6)
Cycle lane with some 14 12 8 (57.1) 11 (78.6) 0(0) 26 108 0
segregation (85.7)
Cycling in contraflow bus 9 7(77.8) 7 (77.8) 6 (66.7) 0 (0) 64 42 0
lane
Cycle track and cycling 3 2(66.7) 2(66.7) 2 (66.7) 0(0) 13 7 0
on footway
One-way street and No additional action 59 38 34 (57.6) 17 (28.8) 0 (0) 84 40 0
contraflow cycling (64.4)
Cycle lane 32 16 (50) 8 (25) 12 (37.5) 0(0) 41 55 0
Cycle lane with some 5 3(60) 2 (40) 3(60) 0(0) 28 10 0
segregation
Cycling on footway 2 2(100) 2(@100) 2(100) 0 (0) 17 3 0
Cycle track and cycling 1 1(100) 0(0) 1(100) 0 (0) 0 1 0
on footway
Cycle track and lane 1 1(100) 1(100) 1(100) 0 (0) 6 5 0
Contraflow bus lane and Cycling in contraflow bus 11 9(81.8) 6 (54.5) 9 (81.8) 0(0) 80 132 0
contraflow cycling lane
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Table B4
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Pedal cycle direction in crashes involving pedal cycles within 10 m of road segments by crash segment status occurring between 1st January 1998 and 31st
December 2019 (inclusive) by crash segment status, pre-TRO road status and proximity to junctions or roundabouts.

Pre- TRO Proximity to junction or roundabout

status

More than 10 m from a junction or roundabout

(OSM determined)

Within 10 m of a junction or roundabout (OSM
determined)

Crash segment status Pre - Contraflow  Contraflow Pre - Contraflow  Contraflow
contraflow removed contraflow removed
One way Number of crashes 118 109 4 414 348 3

Pedal cycle 1 direction With flow 32 (27.1) 34 (31.2) 0 (0.0) 51 (12.3) 66 (19.0) 0 (0.0)
Contraflow (illegal) 18 (15.3) - 0(0.0) 48 (11.6) - 0 (0.0)
Contraflow - 30 (27.5) - - 82 (23.6) -
Direction not compatible 68 (57.6) 43 (39.4) 4 (100.0) 315 (76.1) 196 (56.3) 3(100.0)
Unknown 0 (0.0) 2(1.8) 0(0.0) 0(0.0) 4(1.1) 0 (0.0)

Pedal cycle 2 direction With flow 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 1(14.3) 0 (0.0)
Contraflow (illegal) 1 (100.0) - 0 (0.0) 2 (66.7) - 0 (0.0)
Contraflow - 0 (0.0) - — 3 (42.9) -
Direction not compatible 0 (0.0) 0 (0.0) 0(0.0) 1(33.3) 3(42.9) 0 (0.0)
Unknown 0 (0.0) 1 (100.0) 0 (0.0) 0(0.0) 0 (0.0) 0 (0.0)

Two way Number of crashes 80 98 0 176 148 0

Additional TRO action from One-way street 56 (70.0) 39 (39.8) 1 (100.0) 120 (68.2) 75 (50.7) 0 (0.0)

two-way to... One-way street with 24 (30.0) 59 (60.2) 0(0.0) 56 (31.8) 73 (49.3) 0 (0.0)
contraflow bus lane

Pedal cycle 1 direction With flow 16 (20.0) 36 (36.7) 0 (0.0) 25 (14.2) 34 (23.0) 0 (0.0)
With flow (opposite) 23 (28.7) - 0 (0.0) 29 (16.5) - 0 (0.0)
Contraflow - 21 (21.4) - - 33 (22.3) -
Direction not compatible 41 (51.2) 41 (41.8) 0 (0.0) 122 (69.3) 78 (52.7) 0 (0.0)
Unknown 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 3(2.0) 0 (0.0)

Pedal cycle 2 direction With flow 0 (0.0) 0 (0.0) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0)
With flow (opposite) 0 (0.0) - 0 (0.0) 0 (0.0) - 0 (0.0)
Contraflow - 2 (100.0) - - 1 (50.0) -
Direction not compatible 0 (0.0) 0(0.0) 0(0.0) 1 (100.0) 1 (50.0) 0 (0.0)
Unknown (self reported) 0 (0.0) 0 (0) 0(0.0) 0(0.0) 0 (0.0) 0 (0.0)

No crashes involved more than two pedal cycles. Direction not compatible means that the direction the pedal cycle was travelling from and to is not compatible with
the road segment direction. -’ indicates that this type of direction is not possible given the road segment status and crash timescale. Data is presented as ‘number

(percentage)’.

17



C. Tait et al. Accident Analysis and Prevention 179 (2023) 106895

Table B5

Pedal cyclist crash rates within 10 m of road segments per 100 years of exposure to road segment status. Rates are presented as raw and adjusted for cordon
cycling volume (1998 index) as: overall; by proximity for junction or roundabout (within 10 m); by significant change to road segment; and by pedal cycle direction.
95 % confidence intervals generated by bootstrapping 1000 resamples with replacement.

Analysis Rate Crash segment Sub- Number of Time duration of segment  Crash rate per 100 years of exposure to road segment
type status analysis crashes ! exposure (days) at that status (95 % confidence interval)
Overall Raw Pre-contraflow 788 2,396,119 12.0 (11.4-12.6)
Contraflow 703 1,392,487 18.4 (17.4-19.4)
Contraflow removed 7 11,949 21.4 (9.2-39.7)
Adjusted Pre-contraflow 591 2,396,119 9.0 (8.5-9.5)
Contraflow 335 1,392,487 8.8 (8.2-9.3)
Contraflow removed 4 11,949 10.8 (3.8-19.9)
By junction status Raw Pre-contraflow Junction or 590 2,396,119 9.0 (8.4-9.5)
Contraflow roundabout 496 1,392,487 13.0 (12.1-13.9)
Contraflow within 10 m 3 11,949 9.2 (3.1-21.4)
removed
Pre-contraflow No junction or 198 2,396,119 3.0 (2.6-3.4)
Contraflow roundabout in 207 1,392,487 5.4 (4.8-6.2)
Contraflow 10m 4 11,949 12.2 (3.1-24.4)
removed
Adjusted Pre-contraflow Junction or 448 2,396,119 6.8 (6.4-7.3)
Contraflow roundabout 233 1,392,487 6.1 (5.6-6.6)
Contraflow within 10 m 2 11,949 6.2 (1.2-15)
removed
Pre-contraflow No junction or 142 2,396,119 2.2 (1.9-2.5)
Contraflow roundabout in 102 1,392,487 2.7 (2.3-3.1)
Contraflow 10m 2 11,949 4.6 (1.0-9.7)
removed
By significant change to ~ Raw Pre-contraflow Contraflow 532 1,900,788 10.2 (9.5-10.9)
road segment Contraflow cycling only 457 997,484 16.7 (15.4-18)
Contraflow 7 10,398 24.6 (10.5-45.6)
removed
Pre-contraflow One-way street 176 464,771 13.8 (12.0-15.5)
Contraflow and contraflow 114 337,250 12.3 (10.3-14.5)
Pre-contraflow cycling 80 30,560 95.5 (75.2-115.9)
Contraflow Contraflow bus 132 57,753 83.4 (70.8-98.6)
lane and
contraflow
cycling
Adjusted Pre-contraflow Contraflow 385 1,900,788 7.4 (6.8-8.0)
Contraflow cycling only 203 997,484 7.4 (6.8-8.0)
Contraflow 4 10,398 12.4 (4.4-22.9)
removed
Pre-contraflow One-way street 134 464,771 10.6 (8.9-12.0)
Contraflow and contraflow 58 337,250 6.3 (5.2-7.6)
cycling
Pre-contraflow Contraflow bus 71 30,560 85.3 (67.2-104.5)
Contraflow lane and 74 57,753 46.6 (39.5-55.4)
contraflow
cycling
By pedal cycle direction =~ Raw Pre-contraflow With flow 2 124 2,396,119 1.9 (1.6-2.2)
With flow 52 2,396,119 0.8 (0.6-1.0)
(opposite) 3
Contraflow 69 2,396,119 1.1 (0.8-1.3)
(illegal) *
Direction not 548 2,396,119 8.3(7.8-8.9)
compatible
Contraflow With flow 171 1,392,487 4.5 (3.9-5.2)
Contraflow 172 1,392,487 4.5(3.9-5.2)
Direction not 362 1,392,487 9.5 (8.6-10.4)
compatible
Unknown 10 1,392,487 0.3 (0.1-0.4)
Contraflow Direction not 7 11,949 21.4 (9.2-39.7)
removed compatible
Adjusted Pre-contraflow With flow 2 97 2,396,119 1.5(1.2-1.8)
With flow 47 2,396,119 0.7 (0.5-0.9)
(opposite) *
Contraflow 50 2,396,119 0.8 (0.6-1.0)
(illegal) *
Direction not 400 2,396,119 6.1 (5.6-6.5)
compatible
Contraflow With flow 84 1,392,487 2.2(1.9-2.6)

(continued on next page)
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Table B5 (continued)
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Analysis Rate Crash segment Sub- Number of Time duration of segment  Crash rate per 100 years of exposure to road segment
type status analysis crashes ! exposure (days) at that status (95 % confidence interval)

Contraflow 85 1,392,487 2.2 (1.9-2.6)
Direction not 167 1,392,487 4.4 (3.9-4.8)
compatible
Unknown 4 1,392,487 0.1 (0.0-0.2)

Contraflow Direction not 4 11,949 10.8 (3.8-19.9)

removed compatible

INumber of crashes rounded to nearest integer.

2This includes all one and two-way roads in the pre-contraflow period.
3This only includes two-way roads in the pre-contraflow period.

“This only includes one-way roads in the pre-contraflow period.

Table B6

Pedal cyclist casualty rates per 100 years of exposure by road segment status and injury severity, 2005-2019. Rates are presented as raw, adjusted for change in
injury severity classification; and adjusted for change in injury severity classification and cordon cycling volume (1998 index). 95 % confidence intervals generated by

bootstrapping 1000 resamples with replacement.

Analysis Crash segment Injury Number of pedal Time duration of Pedal cyclist casualty rate per 100 years of
status severity cyclist casualties * segment exposure exposure to road segment at that status (95 %
(days) confidence interval)
Raw Pre-contraflow Fatal 4 1,186,657 0.1 (0.0-0.3)
Serious 30 1,186,657 0.9 (0.6-1.3)
Slight 364 1,186,657 11.2 (10.3-12.2)
Contraflow Fatal 3 1,392,488 0.1 (0.0-0.2)
Serious 72 1,392,488 1.9 (1.5-2.3)
Slight 535 1,392,488 14.0 (13.2-14.8)
Contraflow Serious 1 11,949 3.1 (3.1-12.2)
removed Slight 11,949 9.2 (3.1-21.4)
Adjusted for change in injury severity Pre-contraflow Fatal 4 1,186,657 0.1 (0.0-0.3)
classification Serious 30 1,186,657 0.9 (0.6-1.3)
Slight 332 1,186,657 10.2 (9.4-11.1)
Contraflow Fatal 3 1,392,488 0.1 (0.0-0.2)
Serious 72 1,392,488 1.9 (1.5-2.3)
Slight 501 1,392,488 13.1 (12.4-13.9)
Contraflow Serious 1 11,949 3.1 (3.1-12.2)
removed Slight 11,949 8.4 (2.7-19.4)
Adjusted for change in injury severity Pre-contraflow Fatal 2 1,186,657 0.1 (0.0-0.2)
classification and annual cycle volume Serious 16 1,186,657 0.5 (0.3-0.7)
(1998 index) Slight 177 1,186,657 5.5 (5.0-6.0)
Contraflow Fatal 1 1,392,488 0.0 (0.0-0.1)
Serious 31 1,392,488 0.8 (0.6-1.0)
Slight 222 1,392,488 5.8 (5.5-6.2)
Contraflow Serious 0 11,949 1.0 (1.0-4.2)
removed Slight 1 11,949 3.3 (0.8-7.7)

1 Number of casualties rounded to nearest integer.
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