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About TRENDLINE

Trendline brings together 29 European countries (25 EU Member States and 4 countries as observers) for
data collection, data analysis, delivery of road safety KPIs and for using these within road safety policies.
Trendline is co-funded by the European Union and builds on the experience gained in the Baseline
project. KPIs — Key Performance Indicators — are indicators that provide information about factors that
are associated with crash and injury risks. At the core of Trendline project are eight KPIs:

Indicator Definition

Speed Percentage of vehicles travelling within the speed limit

Safety belt Percentage of vehicle occupants using the safety belt or child restraint system
correctly

Protective Percentage of riders of powered two wheelers and bicycles wearing a protective

equipment helmet

Alcohol Percentage of drivers driving within the legal limit for blood alcohol content (BAC)

Distraction Percentage of drivers NOT using a handheld mobile device

Vehicle safety Percentage of new passenger cars with a Euro NCAP safety rating equal or above
a predefined threshold

Infrastructure Percentage of distance driven over roads with a safety rating above an agreed
threshold

Post-crash care  Time elapsed in minutes and seconds between the emergency call following a
collision resulting in personal injury and the arrival at the scene of the collision of
the emergency services

These 8 KPIs originate from the Commission Staff Working Document 'EU Road Safety Policy
Framework 2021-2030 Next steps towards "Vision Zero" SWD (European Commission, 2019) (European
Commission, 2019) 283 final. In addition, some new experimental and complementary indicators will be
tested within Trendline (provisional names):

e  Driving under the influence of drugs

e  Share of 30km/h road lane lengths in urban zones

e Red-light negations by road users

e  Compliance with traffic rules at intersections

e Helmet wearing PMD (Personal Mobility Devices) riders

e Self-reported risky behaviour

e Attitudes towards risky behaviour

e Use of lights by cyclists in the dark

e Enforcement of traffic regulations

e  Alternative speeding indicators

For each of the original eight KPIs and the experimental KPIs, a 'KPI Expert Group' (abbreviated as KEG)
has been established. Their main role is to draft the common methodological guidelines, to give
feedback on questions, and to review the report of the KPI which they are covering.

Website Trendline -https://www.trendlineproject.eu/
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Terms and definitions

Bicycle

A road vehicle which has two or more wheels and generally propelled by the muscular energy of the
persons on that vehicle, in particular by means of a pedal system, lever or handle (e.g., bicycles, tricycles,
quadricycles, and invalid carriages). Included are mountain bikes, Racing bikes, Cargo bikes, Tricycles
and bikes with a supportive power unit (e.g., electric bikes or pedelec) excluding speed pedelecs (vehicles
of the L1e-B category according to UE definition®).

Rural road (or road inside rural areas)
Public road outside urban boundary signs, excluding motorways and expressways.

Urban road (or road inside urban areas)
Public road inside urban boundary signs.

Week — daytime
Monday to Friday 6.00 a.m. to 9.59 p.m.

Weekend - daytime
Saturday to Sunday 6.00 a.m. t0 9.59 p.m.

Driver
This KPI will be limited to the driver, that is to say the one who controls the bicycle.

Light
Any device that produces light by itself (excluding reflectors defined as any device that reflects light
when it is directed at it)

Darkness

Darkness will include twilight and it will correspond to a natural light density <26 lux. This should
correspond to sessions starting in the morning 1/2 hour before the sunrise and in the evening %2 hour
after the sunset at the earliest.

Stratum
Groups of sampling units from the entire target population that share common characteristics, e.g.
gender, age, geographical location, income level, ....

SwWD
Working document listing the minimal requirements set by the EC for the KPI on helmet use among
cyclists and Powered two-wheelers (PTWSs) in 2019 (European Commission, 2019)

1 https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:02013R0168-20201114
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1. Introduction

This process of collecting and analysing data on the use of cyclist light in dark was carried out as part of
the Trendline project. Trendline is a project that unites 25 EU Member States and 4 additional European
countries as observers to collaborate on data collection, analysis, the development of road safety key
performance indicators (KPIs) and their integration into road safety policies. Trendline serves as an
initiative dedicated to improving road safety through the systematic collection and analysis of KPIs.”

Cyclists, as one of the vulnerable groups of road users, play a key role in improving road traffic safety.

With the increasing number of cyclists, driven by their health benefits and contribution to sustainable
transportation, the risk of traffic accidents involving them also rises. In Croatia, approximately 500
cyclists are involved in traffic accidents annually, with 83% sustaining severe injuries or fatalities. Around
20% of these accidents occur at night or in conditions of poor visibility. Pilot studies conducted in Zagreb
by the voluntary association the Cyclists’ Union revealed that a significant number of cyclists do not use
lights, highlighting the need for additional educational campaigns and raising awareness about the
importance of proper lighting.

The purpose of this research is to test the proposed data collection methodology, assess the applicability
of key performance indicators (KPIs), and improve the existing methodology. The long-term aim of this
research is the improvement of cyclist safety in traffic. This document presents data on experimental Key
Performance Indicator (KPI) focused on using of cyclist lights in dark in Croatia.

1.1. Context

The Communication of the European Commission “Europe on the Move — Sustainable Mobility for
Europe: safe, connected and clean” of the 13*" May 2018 confirmed the EU's long-term goal of moving
close to zero fatalities in road transport by 2050 and added that the same should be achieved for serious
injuries. It also proposed new interim targets of reducing the number of road deaths by 50% between
2020 and 2030 as well as reducing the number of serious injuries by 50% in the same period. To measure
progress, the most basic — and important — indicators are of course the result indicators on deaths and
serious injuries.

In order to gain a much clearer understanding of the different issues that influence overall safety
performance, the Commission has elaborated, in cooperation with Member State experts, a first set of
key performance indicators (KPIs). The KPIs relate to main road safety challenges to be tackled namely:
(2) infrastructure safety, (2) vehicle safety, (3) safe road use including speed, alcohol, distraction and the
use of protective equipment and (4) emergency response. The aim of the KPIs is connected to EC target
outcomes.

The Commission Implementing Decision C5763 final of 5/8/2021 (2021) concerning the adoption of the
work programme for 2021-2023 and the financing decision for the imple-mentation of the CEF foresaw

2 https://www.trendlineproject.eu/
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a technical assistance action for the collection of Key Performance Indicators for road safety in EU
Member States. The action builds on a previous CEF support action in 2020-2022 which established the
Baseline project to collect 8 road safety Key Performance Indicators (KPIs) in 18 EU Member States. On
the 10th of August 2022, a call was published with reference "MOVE/C2/2022-54— Technical Assistance

for the development and collection of Road safety Key Performance Indicators (KPI)”. A consortium of
25 EU Member States proposed the “Trendline” project to continue and elaborate the work on key
performance indicators.

1.2. Purpose and basis of this document

This document presents the implementation of the methodological guidelines for the KPI Light use by

cyclists in the dark in urban or built-up areas. It describes how the minimum methodological
requirements to qualify for this KPl were applied in practice, defined as:

Percentage of cyclists using lights in the dark

This document is intended primarily for stakeholders in participating countries who are responsible for
implementing field tests and validating their alignment with the KPI methodology.

This document is based on the methodological guidelines developed for this KPI and reflects their
practical application through a field test. The methodological framework follows the report by Doumen
(2023) on lights use by cyclists and aligns with the minimum requirements set by the European
Commission for the KPI on helmet use among cyclists and powered two-wheelers (PTWs) as presented
in the Commission Staff Working Document SWD (2019) 283, hereinafter referred to as "SWD".

The approach also draws upon the methodological work developed within the Baseline Key Expert Group
(Moreau et al., 2021) and the Trendline Key Expert Group (KSicova et al., 2023) in the context of helmet
use among cyclists and PTWs.

1.3. Background

In Europe, 83% of cyclists killed on the roads in 2018 were involved in a collision with a motor vehicle
(Adminaité-Fodor & Jost, 2020). In the Netherlands, recent data highlighted that cyclists account for a
major part of road accident fatalities or serious injuries (Oude Mulders et al., 2023).

Although distances travelled are shorter at night, several studies have shown that the accident rate for
cyclists is higher than during the day (Wood, 2023) because cyclists are less visible and less easily
identifiable as such by other road users (Twisk & Reurings, 2013). Kuiken and Stoop found that the risk
of cyclists being involved in an accident with a motorized vehicle in the dark is reduced by around 17%
with functional front and rear lights (Kuiken & Stoop, 2012). Quasi-experimental studies have shown that
lack of visibility is a major contributory factor in fatal accidents involving cyclists and vehicle drivers, even
more important than drivers' alcohol consumption (Owens & Sivak, 1996). In Sweden, the analysis of
cycling flow data and the crash data showed that cyclists are 2 to 6 times more likely to have an accident
with a vehicle at night than during the day (Dozza, 2017).
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In many countries, the use of bicycle lights at night is mandatory (Wood, 2023). However, scientific
studies have not been able to clearly and consistently demonstrate the impact of visibility aids on cyclist
in terms of safety. In a Cochrane review, the authors concluded that equipment such as lights and red
and yellow retroreflective materials enable drivers to detect and identify cyclists more quickly (Kwan &
Mapstone, 2002). Another study found that drivers' ability to identify the presence of a cyclist did not
vary whether or not the bike was fitted with handlebar mounted lights while another study showed that
the light fixed to the helmet increased the cyclist's visibility to a greater extent than when the light was
fixed to the handlebars (Wood, 2023).

The increase in cycling is another important factor to be considered. Since the Covid crisis, cycling has
enjoyed a marked resurgence in popularity, mainly because of its health benefits but also because of its
positive economic and climate impacts (Bouwen et al., 2022). As Doumen (2023) points out, the increase
in cycling will therefore be accompanied by an increase in cycling in the dark, even in countries where
cycling remains a relatively marginal mode of transport (Schroeder & Wilbur, 2013). Given the need to
continue efforts in energy saving and the benefits of physical activity, we can expect more and more
people to travel by bike in Europe. However, the rise in the number of cyclists is also reflected in the
number of road accident victims and it could explain to a large extent why cycling deaths stagnates in
Europe (Adminaité-Fodor & Jost, 2020).

Scientific literature therefore seems to agree that bicycle lights can improve the visibility of cyclists by
drawing drivers' attention to the presence of an object on the road, but that they do not necessarily help
the drivers to identify that it is a cyclist (i.e. the difference between visibility and conspicuity). However,
the various uses of bicycle lights are also worth taking into account. If they make cyclists more visible to
other road users, they also illuminate the road and enable cyclists to anticipate any obstacles on the road.
And finally, they illuminate retro-reflective equipment along the road, such as road signs.

Considering scientific literature and all the purposes of bicycle lights, the use of lights by cyclist in the
dark remains a Key Performance Indicator (KPI) for traffic safety of cyclists. Studies already documented
that light use could vary with cycling prevalence. In 2012, 44% of cyclists in the USA reported the use of
front light and 34% the use of rear light (Schroeder & Wilbur, 2013) while in a Dutch observational study
these frequencies were respectively 74% and 67% (Timmermans et al., 2022). As for any other KPI,
studying the use of bicycle lights will enable national governments to estimate the extent of the problem
and develop appropriate road safety policies.
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This field test was conducted as part of the Trendline project focusing on light use by cyclists in the dark
across urban areas. The scope of the observation was defined in accordance with the methodological
guidelines for the corresponding Key Performance Indicator (KPI) and focused on the practical
application of the recommended data collection framework.

The KPI specifically addresses the use of active light sources, meaning lights that independently emit
light (e.g. battery- or dynamo-powered) as opposed to passive reflectors which were excluded from
consideration. Observed lights were categorised based on their visibility status as clearly visible (without
occlusion or uncertainty), partially visible or occluded (e.g. covered by objects, rider’s clothing, or unclear
operation), or not visible at all. Lights could be fixed either on the bicycle or on the rider, while lights
mounted on passengers were not considered.

The KPlis structured into three dimensions:

e Percentage of cyclists using a front light in the dark

e Percentage of cyclists using a rear light in the dark

e  Percentage of cyclists using both front and rear lights in the dark

In addition to the mandatory indicators, the scope of the field test also encompassed a set of optional
variables recommended for deeper analysis and broader cross-sectional insights including:

e Type of bicycle (e.g. city, mountain, cargo)

e  Electric vs. non-electric classification

e Professional vs. non-professional riders

e Presence of passengers

e Gender and age group of the rider

e Cyclinginfrastructure type

e Presence and status of public lighting at the observation site

Observations were limited to urban or built-up areas during verified night-time conditions ensuring full

alignment with the harmonised KPI methodology. Details on the operational procedures and data
collection approach are provided in the following chapter.
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3. Regulation in Croatia

The use of bicycle lighting and other visibility-related equipment in Croatia is requlated by The Road
Traffic Safety Act® and The Regulations on the Technical Conditions of Vehicles in Road Traffic*.

According to national legislation, cyclists are required to use:
e A white front light and a red rear light when riding at night or in conditions of reduced visibility
e Reflective clothing or a reflective vest which is mandatory in low-visibility conditions

e A protective helmet is mandatory for all cyclists under the age of 16, while for those aged 16 and
older it is not required but is strongly recommended

The technical regulation further specifies the required bicycle equipment, including:

e One ortwo front lights (white) for the purpose of illuminating the road

e One ortwo rear position lights (red)

e Non-triangular rear reflectors, pedal reflectors (amber) and side reflectors (white or yellow)

e A sound signalling device (e.g. bell) which must emit a uniform sound and be easily accessible to
cyclist

The regulation also prescribes that front lights must illuminate a distance between 10 and 50 metres and
be mounted symmetrically. Rear lights must be placed at a height between 0.25 and 0.90 metres, with a
minimum reflective surface of 8 cm2.

Although this legal framework defines what constitutes “correct use” of bicycle lighting, the KPI used in
this study focuses solely on actual use without evaluating compliance with national technical standards.
Nevertheless, the national context is important when interpreting observed behaviours, particularly in
identifying areas where enforcement or awareness may be lacking.

* https://www.zakon.hr/z/78/Zakon-o-sigurnosti-prometa-na-cestama
“ https://narodne-novine.nn.hr/clanci/sluzbeni/2016_og_85_1864.html
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4. Methodology

4.1. Objective

The primary objective of this field test was to determine the prevalence of light use by cyclists in the dark
on urban roads, in line with the methodological framework defined for the corresponding Key
Performance Indicator (KPI).

The KPl is disaggregated into three indicators:

e Percentage of cyclists using a front light in the dark

e Percentage of cyclists using a rear light in the dark

e Percentage of cyclists using both front and rear lights in the dark

4.2. Method

Data were collected through direct observation at selected urban locations in the city of Zagreb.
Observations were conducted by trained field staff positioned at a safe distance from traffic using a
standardized and customized observation form (see Annex A). All observers received prior
methodological instructions to ensure consistent and accurate data recording.

The number of observation sites was determined to obtain a sufficiently large and representative sample,
in accordance with the recommendations defined in the KPI guidelines. All observations were carried
out under verified night-time conditions defined as ambient illumination levels below 26 lux measured
atthe beginning and end of each session using a calibrated luxmeter. Each observation lasted a minimum
of one hour and was conducted on weekdays outside peak traffic periods in line with the methodological
requirements.

The following mandatory variables were recorded for each cyclist:
e Light use categorised as:

e Yes, fully visible

e Yes, occluded

e No
e Light position categorised as:

e Frontlight

e Rearlight

The following optional variables were also recorded to support deeper analysis:
e Helmet use: recorded as yes or no

Reflective vest or clothing: recorded as yes or no

Rider type: professional (e.g. delivery or postal workers) or non-professional
e  Gender: male, female, or unknown

Estimated age group: child, adolescent, or adult
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e Passenger present: yes or no

e Bicycle category: city, mountain/sport, child, folding, cargo, tricycle, 4-wheeler or other
e  Electric bicycle: yes or no

e Number of lights: one or more

This observation method enabled detailed, real-time monitoring of cyclist behaviour, visibility
equipment usage and contextual conditions in the urban traffic environment.

4.3. Overview of Observation Parameters

Observations were conducted at a total of five locations in Zagreb selected based on the
recommendations of the KPI guidelines and local knowledge of cycling flows. All sites were located in

urban areas equipped with designated cycling and pedestrian infrastructure and had functioning public
street lighting.

Observation sessions were conducted under the following uniform conditions:
e Carried out on a weekday

e Conducted outside peak traffic hours

e Lasted one hour

e Took place under verified night-time conditions

At each site, the following environmental parameters were recorded:
e Initial and final illumination level (lux)

e Ambient air temperature (°C)

e  Weather conditions (e.g. clear, cloudy, foggy)

e  Status of public street lighting (on/off)
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An overview of all observation sites and corresponding conditions, including location, date, time,
intersection type and weather is presented in Table 1.

Table 1 Overwiev of observation sites

Location ID 1 2 3 /A 5
Dubrovnik ) Frankopanska
Sava bridge .
Avenueand  Vukovar Street and i Street, Gjure ,
Name of , (Pedestrian .o Horvacanska Road
. . Veleslav Hrvatske Bratske . Dezelica Approach e
intersection : . and cycling ) and Hrgovidi Street
Holjevac Zajednice Street bridge) and Republic of
ridge
Avenue 9 Croatia Square
Type of 4-leg, Pedestrian and

4-leg, signalized 4-leg, signalized 4-leg, signalized

intersection signalized cycling bridge

Presence of Marked bicycle Marked bicycle

Marked bicycle lanes Marked bicycle lanes Marked bicycle lanes

cycling and lanes and lanes and
yeing . ) and pedestrian ) and pedestrian and pedestrian
pedestrian pedestrian ) pedestrian ) )
; ) crossings : crossings crossings
infrastructure crossings crossings
Streetlights at
. Yes Yes Yes Yes Yes
location
Date 5/10/2024 7/11/2024 19/11/2024 21/11/2024 21/11/2024
Start time 19:25 18:30 18:00 18:00 18:15
End time 20:25 19:30 19:00 19:00 19:15
Start lux 1,00 2,00 0,50 2,00 1,00
End lux 0,070 0,500 0,007 0.008 0,007
Temperature 80 60 60 20 20
Weather Clear Foggy Foggy Cloudy Cloudy
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5. Results

Field surveys conducted at five urban locations in Zagreb yielded data on both mandatory and optional
variables defined within the KPI methodology. The analysis provides insight into cyclist behaviour under
night-time conditions with a focus on safety-related practices and equipment use.

The results are structured in four thematic sections. The first section describes the demographic and
behavioural characteristics of bicycle riders including gender, age group, passenger presence and
professional use. The second section focuses on the characteristics of the bicycles themselves, such as

type and electric drive. The third section presents findings on safety-related features with an emphasis
on helmet and reflective vest use. Finally, the fourth section provides a detailed analysis of light usage
patterns including visibility, occlusion, and the positioning of front and rear lights.

Together, these results offer a comprehensive overview of how cyclists behave under low-light urban
conditions contributing to a better understanding of safety-related practices and equipment usage.

5.1. Characteristics of Bicycle Riders

Cyclist characteristics were recorded across all observation sites including gender, estimated age group,
passenger presence, and professional status.

Among the 417 cyclists recorded during the observation period, the vast majority were male accounting
for 329 cyclists or 78,9% of the total sample. Female cyclists made up 86 cyclists or 20,6% indicating a
significantly lower level of participation compared to their male counterparts. In a small number of cases,
specifically 2 cyclists or 0,5%, the gender could not be reliably determined due to limited visibility or
obstructed observation. This gender imbalance suggests that, under night-time conditions in urban
settings, men are considerably more likely to engage in cycling than women. The gender distribution of
observed cyclists is summarised in Figure 1.
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Gender destribution
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Figure 1 Gender distribution

A total of 87 cyclists were identified as professional riders representing 20,9% of the observed sample.
This group includes individuals who use bicycles as part of their daily work activities such as food delivery
couriers, postal workers, and other service providers. The remaining 330 cyclists or 79,1% were classified
as non-professional riders who use bicycles primarily for personal transport or recreation.

These findings highlight the presence of a notable share of occupational cycling activity in the observed
sample, particularly in urban areas where professional riders are more commonly encountered. The
proportion of professional cyclists is summarised in Table 2.

Table 2 Professional drivers

Location 1 2 3 4 5

Professional driver 0 (0%) 14 (13,33%) 8 (7,02%) 48 (53,93%) 17 (32,8%)

Non-professional riders 56 (100 %) 91(86,67%) 106 (92,98%) 41 (46,07%) 36 (79,14%)

The age distribution of observed cyclists reveals a strong predominance of adult riders. Specifically, 375
individuals or89,9% of the total sample were classified as adults. A smaller proportion, 36 cyclists or 8,6%
fell within the adolescent category while only 6 cyclists, representing 1,4% were identified as children.
These results indicate that night-time cycling in urban areas is predominantly undertaken by adults. This
suggests that younger age groups, especially children, are either significantly underrepresented in the
observed sample or less inclined to cycle under such conditions Figure 2.
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Age distribution
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Figure 2 Age distribution

The presence of passengers on bicycles was observed in only 3 cyclists, accounting for 0,7% of all
recorded cases, while 414 cyclists or 99,3% were riding alone. This finding suggests that cycling during
night-time hours in urban settings is predominantly an individual activity. Detailed results on passenger
presence are summarised in Table 3.

Table 3 Passengers on a bicycle

Driver 55 (98,21%) 105 (100%) 114 (100%) 87 (97,75%) 53 (100%)
Driver and passenger  1(1,79%) o (0%) 0 (0%) 2 (2,25%) o (0%)
5.2. Charactereistics of Bicyles

This section provides an overview of the types of bicycles observed during the field survey.
Understanding the distribution of bicycle categories is essential for interpreting rider behaviour,
equipment usage and potential differences in safety practices among user groups.

The majority of recorded bicycles belonged to the mountain. Specifically, 371 or 89,0% of the total
sample were classified as such. 33 city bicycles accounted for 7,9% making them the second most
frequently observed type. Child bicycles and folding bicycles were each recorded in 6 cases respectively
both representing 1,4% of the sample. In one instance or 0,2%, the bicycle type could not be reliably
identified due to visual obstructions or unclear bicycle features. The distribution of bicycle categories is
summarised in Figure 3.
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Bicycle categories
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Figure 3. Bicycle categories

Electric bicycles accounted for 26 out of 417 observed bicycles corresponding to 6,2% of the total sample.
The remaining 391 bicycles or 93,8% were conventional, non-electric models. This distribution indicates
that at the time of observation, electrically assisted bicycles constituted only a minor share of the overall
urban cycling activity during night-time conditions. This relatively low proportion suggests that the use
of electrically assisted bicycles remains limited in night-time urban cycling possibly due to factors such
as cost, accessibility, infrastructure, or rider preferences. The proportion of electric and non-electric
bicycles is summarised in Table 4.

Table 4. Type of bicycles

Location 1 2 3 %, 5

Electric 6 (10,71%) 7 (6,67%) 0 (0%) 7 (7,87%) 6 (11,32%)

Non-electric 50 (89,29%) 98 (93,33%) 114 (200%) 82 (92,13%) 47 (88,68)

5.3. Safety Features

This part of the report provides insight into how frequently cyclists used protective helmets and reflective
clothing based on field observations. These elements play an important role in reducing injury risk and
improving visibility in night-time traffic conditions. The data collected provides insight into the extent to
which cyclists comply with legal requirements and recommended safety practices under reduced
visibility.
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Out of the total sample of 417 cyclists, 52 were observed wearing a protective helmet representing 12,5%
of all riders. The remaining 365 cyclists or 87,5% were not wearing helmets at the time of observation. In
Croatia, helmet use is mandatory only for cyclists under the age of 16, while for those aged 16 and above
it remains strongly recommended but not legally required. The low proportion of helmet use among

observed cyclists likely reflects this requlatory framework. These findings suggest that despite the
known safety benefits of helmet use, voluntary compliance among adult cyclists remains limited. The
proportion of cyclists wearing helmets is summarised in Table 5.

Table 5 Helmet use

Location 1 2 3 4 5
Yes 7 (12,5%) 21 (20%) 10 (8,77%) 12 (13,48%) 2 (3,77%)
No 49 (87,5%) 84 (80%) 104 (91,23%)  77(86,52%)  51(96,23%)

Only 26 cyclists out of 417 were observed wearing reflective vests or reflective elements on their clothing,
corresponding to 6,2% of the sample. The remaining 391 cyclists or 93,8% were riding without any visible
reflective gear. According to Croatian legislation, cyclists are required to wear reflective clothing or
accessories when riding at night. However, the results of this field survey show a notably low level of
compliance with this requirement. This disparity between legal obligations and actual cyclist behaviour
highlights the limited use of reflective equipment in night-time urban cycling. The proportion of cyclists
using reflective vests or clothing is summarised in Table 6.

Table 6 Use of reflective clothing

Location 1 2 3 4 5
Yes 0 (0%) 7 (6,67%) 1(0,88%) 3(3,37%) 15 (28,3%)
No 56 (100%) 98(93,33%) 113(99,22%) 86 (96,63%) 38 (72,7%0)

hh

5.4. Use of Cyclist Light

Proper bicycle lighting is a critical safety feature for cyclists operating in low-light conditions. This section
examines both the individual use of front and rear lights and the combined light configurations recorded
during the field surveys.

Out of 417 observed cyclists, a total of 227 had a front light that was clearly visible which represents 54,4%
of the sample. Rear lights were fully visible on 175 bicycles, equivalent to 42%. Both lights were clearly
visible on 156 bicycles accounting for 37,4% of all recorded cases. A small number of cyclists had lights
that were present but not fully visible due to obstruction or uncertainty. Specifically, 3 cyclists had an
occluded front light, while g had an occluded rear light. Both lights were partially visible on g bicycles. A
considerable portion of cyclists lacked proper lighting. A total of 187 bicycles or 44,8% had no front light
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and 233 bicycles or 55,9% had no rear light. In 252 cases, corresponding to 60,4% of the total sample
neither front and rear light was visible.

These findings directly address the core objective of the KPI light use by cyclists which is to determine
how many cyclists are adequately equipped for visibility during night-time riding. The results indicate
that a substantial proportion of cyclists ride without sufficient lighting, particularly at the rear which
significantly compromises their visibility. This low overall level of light usage underscores the relevance
of the KPI and highlights ongoing safety concerns in urban night-time traffic. The detailed breakdown of
light usage is summarised in Figure 4.

Use of cyclist lights

70.00%

60.00%

50.00%

40.00%

m Full light
30.00% ® Occluded

20.00% m Off/No light

10.00%

0.00% '
Front lights Rear lights Both Lights

Location

Figure 4 Use of cyclistdights

In addition to analysing front and rear lights separately, the data were also assessed based on combined
visibility configurations. The results reveal notable variability in how cyclists equip and use lighting on
their bicycles during night-time riding.

The most common configuration observed was the complete absence of both front and rear lights
recorded in 40,29% of all cases. This indicates that a significant proportion of cyclists travel in urban areas
during dark conditions without any visible lighting which poses serious safety concerns. The second most
common pattern was the presence of both front and rear lights fully visible observed in 37,41% of the
sample. This group represents cyclists who comply most closely with visibility recommendations. A total
of 15,35% of cyclists used only a front light, while 4,32% used only a rear light. These partial
configurations provide some level of visibility but do not fully meet safety expectations. A small fraction
of cyclists exhibited less common combinations involving partially visible or occluded lights. These
included instances where one or both lights were obscured or entirely missing. Each of these patterns
accounted for less than 1% of the total sample, indicating that such configurations were rare and had
minimal impact on the overall distribution of light usage.
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These results demonstrate that, while a portion of cyclists ensure full visibility, a substantial share either
lacks proper lighting or uses it in a way that reduces its effectiveness. The detailed breakdown of
combined light configurations is summarised in Figure 5.

Front and Rear Light Use
45.00%
40.00%
35.00% m No front & No rear
® Front and Rear visible
30.00% m Front visible & No rear
25.00% m No front & Rear visible
m Front visible & Rear occluded
0,
20.00% m Front occluded & No rear
15.00% = Front occluded & Rear visible
Front occluded & Rear occluded
10.00%
= No front & Rear occluded
5.00%
0.00% !

Figure 5 Front and rear light use
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6. Conclusions

The field test in Zagreb successfully provided a detailed snapshot of night-time cycling behaviourin an
urban environment in accordance with the KPI methodology on light use by cyclists. A total of 417
individual observations were collected without any major procedural issues. While data collection
proceeded smoothly, one notable concern was the widespread use of LED marker lights instead of proper
front light sources which deviates from both legal requirements and recommended safety practices.

Given the limited scope of the local cycling network and the relatively lower number of everyday cyclists

compared to countries with more established cycling cultures, the observed sample size was considered
appropriate. Still, the findings provide important insights that are both locally relevant and
methodologically transferable.

The primary KPl indicator on light use showed that 60,5% of cyclists were riding without both front and
rear lights, indicating significant non-compliance with safety standards. Only 37,4% used both lights,
while 54,4% relied solely on a front light and 42.0% solely on a rear light. It was further observed that
some cyclists substitute reflectors for lights, despite legal obligations requiring active light sources for
night-time visibility.

The results further indicated limited use of additional safety equipment. Protective helmets were worn
by only 12,5% of cyclists, while reflective vests or clothing which are mandatory for night riding, were
observed on just 6,2% of them.These figures suggest gaps between legislation and actual rider
behaviour, potentially pointing to the need for improved enforcement or public awareness campaigns.

To better understand correlations between light use and other variables, additional statistical analysis

was performed. Mosaic plots revealed several noteworthy patterns:

e Female cyclists were more likely than male cyclists to use both lights

e Adults showed the highest rate of compliance in light usage

e  Professional cyclists were, unexpectedly, less likely to use both lights than non-professionals

e  City bicycles were more commonly equipped with both lights, despite mountain bikes being the
most used category overall

e Although electric bicycles accounted for a small portion of the sample, they demonstrated the
highest compliance rate with light-use requirements

These findings point to opportunities for targeted interventions, particularly among male and
professional cyclists, and highlight the potential role of bicycle type in influencing safety behaviour.
Finally, while progress has been made in developing urban cycling infrastructure in Zagreb and Croatia
more broadly, the data suggest that additional efforts are required to improve both cyclist equipment
and compliance with safety regulations. These findings can serve as a valuable baseline for future studies
and policy development aimed at enhancing cyclist safety in urban night-time conditions.
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8. Annex A

Data collection form

Experimental KPI - Light use by cyclists in the dark

LOCATION ID DATE COUNTING TIME
INITIAL LIGHTING Ix FINAL LIGHTING Ix TEMPERATURE WEATHER
Helmet Fluo jacket | Prof. driver Type of bicycle E-bike
Yes m No ANes i No 1-ves No City Child Mountain/sport Folding Yes m No
H Cargo | 3-wheeler 4-wheeler Other i
Gender Front light Rear light
Male Female Unknown on, full On, occluded Off/no light on, full On, occluded Off/no light
Age Number of lights on Number of lights on
Child Adolescent Adult 1 More then 1 1 More then 1
Passenger Color of light Color of light
Yes No White ‘ Yellow Other Red m Other
Helmet Fluo jacket | Prof. driver Type of bicycle E-bike
City Child Mountain/sport Folding H
No Yes No No Yes H No
] Cargo i3-wheeler 4-wheeler Other :
Gender Front light Rear light
Male Female Unknown On, full ! On, occluded Off/no light On, full On, occluded Off/no light
Age Number of lights on Number of lights on
Child Adolescent Adult 1 More then 1 1 More then 1
Passenger Color of light Color of light
Yes No White i Yellow Other Red m Other
Helmet Fluo jacket | Prof. driver Type of bicycle E-bike
City Child Mountain/sport Folding i
Yes i No Yes i No Yes No Yes H No
i Cargo i3-wheeler 4-wheeler Other i
Gender Front light Rear light
Male Female Unknown on, full ! On,occluded | Off/no light on,ful i On,occluded Off/no light
Age Number of lights on Number of lights on
Child Adolescent Adult 1 More then 1 1 More then 1
Passenger Color of light Color of light
Yes No White Yellow Other Red . Other
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