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Abstract. For this study, accident statistics of 14 European countries were 
analysed for the number of fatalities and injuries occurring at pedestrian 
crossings from 2015 to 2017. The road traffic death rate (killed per 1 million 
inhabitants) and the road traffic injury rate (injured per 1 million inhabitants) at 
pedestrian crossings were calculated and compared. It was found that there are 
large differences between the European countries: The road traffic death rate at 
pedestrian crossings is the lowest in Great Britain and Germany and the highest 
in Poland and Lithuania. Statistical analysis showed a significant correlation 
between road traffic death and injury rates at pedestrian crossings.
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Comparison 
of Road Traffic Death 
and Injury Rates 
at Pedestrian 
Crossings in EuropeIntroduction

Contact points of pedestrians and motorised traffic always pose 
certain risks in terms of traffic safety. There are many different 
installations, including traffic lights, marked pedestrian crossings, and 
traffic islands that aim to make the interactions of pedestrians and 
motorised traffic safer while simultaneously maintaining an adequate 
level of service for all parties concerned. The pedestrian crossing (PC), 
colloquially referred to as “zebra marks” is an approach used throughout 
the world. Although common worldwide, design guidelines for PCs differ 
between the countries and so does traffic safety. This project deals with 
evaluation of accident statistics in order to show the differences in traffic 
safety at PCs in different European countries. The analysis focuses on 
the number of fatalities and injured persons at pedestrian crossings. 
Road traffic death and injury rates are also calculated. A multi-country 
comparison is performed, which highlights the statistical differences in 
traffic safety at PCs for a variety of countries.

1. Literature review

1.1. General literature on pedestrian crossing safety

The World Health Organization notes that, “More than one fifth of the 
people killed on the world’s roads each year are not travelling in a car, 
on a motorcycle or even on a bicycle – they are pedestrians. Pedestrian 
deaths and injuries are often preventable.” (World Health Organization, 
2013, p. 3). Pedestrian crossings have been identified as high-risk 
locations in several publications (Basile et al., 2010, p. 129; World Health 
Organization, 2013, pp. 32–33). This seems counter-intuitive, as they are 
intended to be a location where pedestrians are especially safe.

Multiple factors influence the safety and behaviour of pedestrians 
and motorists when they are at pedestrian crossings. Vehicle velocity 
is one of the greatest influences on safety (Himanen & Kulmala, 1988, 
pp. 195–196; Olszewski et al., 2015; Turner et al., 2006). The design 
of crossings also has been found to have an influence, especially with 
regard to the number of lanes (Turner et al., 2006), whether there is a 
refuge island in the middle of the crossing (Mako & Szakonyi, 2016; 
Olszewski et al., 2015; Turner et al., 2006), the lighting conditions 
(Olszewski et al., 2015) and the presence of warning signs (Turner et al., 
2006). The size of the pack of approaching cars (Himanen & Kulmala, 
1988, p. 196) and the ambient light conditions have also proven to be of 
significance (Uttley & Fotios, 2017).
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In the last decade, Europe has seen a decline in the number of 
road traffic accidents resulting in fatalities and injuries (European 
Commission, 2019, p. 5; International Transport Forum, 2020, p. 11). 
Estonia has also seen a reduction in traffic rule violations associated 
with yielding to pedestrians at uncontrolled crossings between 2001 and 
2016 (Ess & Antov, 2017).  There are notable differences in traffic safety 
and its development in the European Union member states (Budzynski et 
al., 2019). This variety means that an analysis of the differences in traffic 
safety levels at PCs that includes a number of countries could prove to be 
especially insightful.

1.2. Accident numbers at pedestrian crossings

Several studies that consider PC related accident, fatality, and injury 
rates for countries throughout Europe already exist, and they will be 
reviewed in the following section. This review may be incomplete, as not 
all studies on this subject are available in the languages other than their 
original, and others might not be indexed properly in the major research 
databases.

Table 1. Comparison of studies 

Year Authors(s) Country/Region Findings

2013 Antov et al. Tallinn (Estonia)
22% of pedestrian accidents happen at PCs
(Antov et al., 2013, p. 47)

2013

German Insurers 
Accident Research 
(“Unfallforschung der 
Versicherer”)

Berlin (Germany)

1.7% of accidents involving pedestrians take 
place at a pedestrian crossing.
(Gesamtverband der Deutschen 
Versicherungswirtschaft e. V., 2013, p. 10)

2013
Department for 
Transport

United Kingdom

14% of pedestrian fatalities and serious 
injuries take place at pedestrian crossing 
points (Department for Transport, 2015, 
p. 6)

2015
Austrian Motorists’ 
Association (ÖAMTC)

Austria

The share of pedestrian accidents at PCs in 
the total number of pedestrian accidents in 
2014 was 28% (Nosé et al., 2015, p. 7)

2015 Olszewski et al. Poland
34% of pedestrian accidents in Poland 
happen at PCs (Olszewski et al., 2015, p. 83)

2018 Budzynski et al. Poland
10% of all Polish road traffic accident 
fatalities take place at PCs (Budzynski et 
al., 2019, p. 4)
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analyse traffic safety at PCs, only a few publications comparing different 
countries exist:

EuroTest published a study in 2008 in which ten European countries 
were compared in regard to pedestrians killed on PCs per 1 million 
inhabitants. This number was the lowest in the Netherlands (0.6) and 
Germany (0.8), and the highest in Norway (3.7) and Italy (3.4) (EuroTest, 
2008, p. 3).

A 2018 online article by a German vehicle inspection company and 
traffic safety research organisation DEKRA claims that one in four 
pedestrian accidents in Europe takes place at a PC (DEKRA Automobil 
GmbH, 2018). The methodology used in this study remains unclear.

The previous studies of traffic safety at pedestrian crossings 
demonstrate marked differences. This points at significant variations in 
traffic safety and approaches to traffic safety from country to country. 
However, most of the reviewed studies focus on a single country or 
region. Therefore, this study has been conducted adopting a uniform 
analysis methodology and considering a definite analysis period; it will 
make the issue of traffic safety at PCs more comparable between the 
countries.

2. Material and methods

The main sources used in this study were statistical yearbooks 
and statistical databases. As not all of the countries in question 
publish their data, some of the data had to be obtained via direct 
inquiry at the pertinent institutions. The publicly accessible sources 
(Lietuvos automobilių kelių direkcija prie Susisiekimo ministerijos, 
2018; Ministerstvo vnútra Slovenskej republiky, 2017; Ministerstvo 
vnútra Slovenskej republiky, 2018; Reditelství služby dopravní 
policie Policejního prezidia Ceské republiky, 2016; Reditelství služby 
dopravní policie Policejního prezidia Ceské republiky, 2017; Reditelství 
služby dopravní policie Policejního prezidia Ceské republiky, 2018; 
Statistics Finland, (n. d.); Statistisches Bundesamt, 2020) are listed 
in the references section. The analysis period spanned from 2015 to 
2017, with the exception that the data for Italy were only available for 
2016 and 2017. As not all countries analysed differentiated between 
light and severe injuries in their available data, those two categories 
were combined. It also has to be noted that some of the data sources 
differentiate between pedestrians and motorists while others do not. 
In some sources only pedestrian accidents were listed. Therefore, 
fatalities and injuries of motorists at PCs might be underrepresented. 
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Furthermore, the data collection methodology was not always 
documented for each country, and this means that comparability is 
ensured only to a certain extent. 

The road traffic death rate (RTDR) and road traffic injury rate 
(RTIR) are both expressed as the number of people killed or injured, 
respectively, per 1 million inhabitants. These figures were calculated for 
each country. Neither the Czech Republic nor the Netherlands had data 
on PC related injuries. A correlation analysis between the road traffic 
death rate and the road traffic injury rate at pedestrian crossings was 
conducted. The two main variables were also checked for correlations 
considering four road safety and socioeconomic factors: overall road 
traffic death rate, GDP per capita (in Euros), car ownership per 1000 
inhabitants, and the relative density of the road network (expressed in 
km of road per km2 of area). The data on the total road traffic fatalities, 
GDP per capita, and car ownership were retrieved from Eurostat (n. d.). 
The data for the density of the road network came from the OECD (n. d.). 
The data for these various factors were available for the period from 
2015 to 2017. The statistical analysis was conducted using JASP (JASP 
Team, 2020).

3. Results

3.1. Killed

The road traffic death rates at PC of various countries show 
visible differences (Figure 1). While Great Britain, Germany and the 
Netherlands have very low road traffic death rates, values for both 
Poland and Lithuania are more than 14 times as high.

When looking at the spatial distribution of the road traffic death 
rates (compare Figure 2), five distinct regions become visible, and those 
regions that are spatially closer have comparable road traffic death 
rates. 

1. Western Europe (Germany, the Netherlands, Belgium, and 
Great Britain) demonstrates the lowest road traffic death rate. 
Excluding Belgium, Western European countries all have less than 
1 death per 1 million inhabitants.

2. Scandinavia (Sweden and Finland) has road traffic death rates 
similar to Western Europe, and is therefore only geographically 
distinguished from Western Europe.

3. Central Europe (Czechia, Slovakia, Austria, and Italy) records road 
traffic death rates that are considerably higher (1.65–2.68) than 
those of Western Europe and Scandinavia. 
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Figure 1. Road traffic death rate (number of people killed per 1 million 
inhabitants) at PCs

Figure 2. Geographical distribution of road traffic death rates at pedestrian 
crossings
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4. The road traffic death rates of the Northern Baltics (Estonia and 
Latvia) are similar to those of Central Europe, but the Baltics are 
geographically separated from Central Europe.

5. Poland and Lithuania have the highest road traffic death rates that 
clearly distinguish them from any of their geographically adjacent 
Central European and Northern Baltic neighbours.

In order to analyse the degree at which PC related deaths occur, the 
share of people killed at PCs was calculated as a percentage of total 
road-related fatalities for each country (Figure 3). Poland and Lithuania, 
which have the highest road traffic death rate, also have the highest 
share of fatalities at PCs. The findings of this study regarding Poland 
align with those made by Budzynski et al. (2019), whose research found 
the share to be 10% in 2018.

3.2. Injured

In contrast to the analysis of the road traffic death rate, where 
a clear regional pattern may be observed, no systematic spatial 
deployment was noted for the road traffic injury rate. The grouping 
from section 3.1 cannot be applied here, as the injury rate differs 
considerably within the regions. While some countries with a high 
road traffic death rate have a high road traffic injury rate as well 
(Lithuania), some countries with a low road traffic death rate have a 
high road traffic injury rate (Austria, Belgium). Interestingly, Latvia 
has a very low road traffic injury rate despite a medium-range road 
traffic death rate. 

Figure 3. Number of people killed at PCs expressed as a percentage of all 
road-related fatalities
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3.3. Correlation

Since the road traffic death rate and road traffic injury rate 
demonstrate different magnitudes in certain countries (e.g., a relatively 
high road traffic death rate but a relatively low road injury rate), the 
question of a possible correlation between the two rates arose. The road 
traffic death rate and the road traffic injury rate at pedestrian crossings 
were checked for correlations (Table 2), and a significant correlation was 
found:

Figure 4. Road traffic injury rate (number of people injured per 1 million 
inhabitants) at PCs

Table 2. Correlation between road traffic death 
and injury rates at pedestrian crossings

Pearson’s r p

RTDR at PC – RTIR at PC 0.604* 0.038 

* p < 0.05.
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total road traffic death rate, GDP per capita, car ownership per 1000 
inhabitants, and the density of the road network (Tables 3 and 4). The 
road traffic death rate at PCs correlates with three of the possible 
contributing factors: total road traffic death rate, GDP per capita, and 
car ownership per 1000 inhabitants. Interestingly, the road traffic injury 
rate does not correlate with any of the additional factors. It should also 
be noted that the total road traffic death rate also correlates with GDP 
per capita and car ownership (Table 5).
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Table 3. Correlation between road traffic death rate 
at pedestrian crossings and possible contributing factors

      Pearson’s r p

RTDR at PC – RDTR total 0.765** 0.001 

RTDR at PC – GDP per capita –0.785*** <0.001 

RTDR at PC – Cars per 1000 inh. –0.559* 0.038 

RTDR at PC – Density road network 0.188 0.538 

* p < 0.05, ** p < 0.01, *** p < 0.001.

Table 4. Correlation between road traffic injury rate 
at pedestrian crossings and possible contributing factors

Pearson’s r p

RTIR at PC – RDTR total 0.309 0.329 

RTIR at PC – GDP per capita –0.323 0.307 

RTIR at PC – Cars per 1000 inh. –0.361 0.250 

RTIR at PC – Density road network 0.585 0.059 

Table 5. Correlation between the total road traffic 
death rate, motorisation, and GDP per capita

      Pearson’s r p

RDTR total – GDP per capita –0.743** 0.002 

RDTR total – Cars per 1000 inh. –0.630* 0.016 

* p < 0.05, ** p < 0.01.

4. Interpretation and discussion

The results show that fatalities at PCs are a critical issue. This is true 
especially in Poland and Lithuania, both of which have registered the 
highest road traffic death rates and the highest and third-highest share 
of total road-related fatalities. Central Europe and the Northern Baltics 
also show high road traffic death rates.

A significant correlation between the road traffic death rate at PCs 
and the overall road traffic death rate shows that traffic safety at PCs is 
to some extent a reflection of a country’s overall level of traffic safety. 
However, a correlation between the road traffic injury rate at PCs and 
the total road traffic death rate does not exist. Road traffic death rates 
at PCs were found to be higher in the countries with a lower GDP per 
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correlation between the total road traffic death rate and these additional 
contributing factors, therefore, their causality is more likely to be a 
general phenomenon rather than something specific to PC. A significant 
correlation between the road traffic death and injury rates at PCs 
indicates that deaths and injuries at PCs are complex phenomena that 
need simultaneous analysis and treatment. Furthermore, some countries 
stand out from the others because they have a high road traffic injury 
rate despite a low road traffic death rate (such as Austria and Belgium).

A factor that must also be considered when comparing different 
countries is the difference in the relative number of PCs in each country. 
Ekman and Hyden (1999) studied the issue of prevalence of PCs in 
Sweden, a country with a low road traffic death rate but medium road 
traffic injury rate (a conclusion which can be drawn based on the results 
of the analysis presented in this paper). They found that 40.3% of all 
crossings happened at a zebra crossing and that 40.6% of the accidents 
occurred at this type of crossing. This may be seen as an explanation of 
the values demonstrated by Sweden, as the possibility of crossing the 
street at a PC in Sweden is rather high simply because of the prevalence 
of PCs in the country. If one views an accident as a relatively random 
event, the possibility that an accident will take place while someone 
is crossing the street at a PC is higher in Sweden simply due to the 
share of PC crossings in the total number of crossings. Furthermore, 
road traffic safety rates across Europe and especially in Sweden have 
improved dramatically in the last 20 years. It is possible that a close 
match between the share of crossings and the share of accidents found 
previously by Ekman and Hyden (1999) does no longer persist today. 
This explanation therefore serves more as a hypothesis that needs 
further research using the current data and including more countries.

5. Limitations and implications for future research

The data presented here can only provide a first impression of traffic 
safety at PCs throughout Europe. Only a few selected countries were 
compared, and the time frame was limited to three years. Consequently, 
longer trends are not reflected in this study. As the absolute number 
of deaths in some countries is less than ten, small changes between 
the years and the countries can lead to seemingly large changes in the 
analysis of death and injury rates. The methods used for data selection 
in various countries could not continuously be tracked and/or traced, 
and it is possible some errors exist in the original source materials. To 
circumvent such issues, it is necessary to obtain all the initial accident 
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reports from the police or other first responders and evaluate them 
regarding the number of accidents occurring at PCs. This, of course, 
would require an enormous amount of effort both in terms of collection 
and data evaluation. In order to more accurately compare different 
countries, the relative share of PCs in the individual countries should 
be factored into the analysis, including the share of crossing events 
as calculated by Ekman and Hyden (1999). To minimise the effects of 
using different methodological approaches, these calculations should 
be done using a unified method. Conducting such a study would require 
considerable amount of observation time and effort. Another option 
could be to calculate the general correction factor based on the number 
of PCs per inhabitant or even per length of roads. The question remains 
whether many road administrations can provide the data on the total 
number of PCs in a country. Other methods of data acquisition could be 
implemented, such as using image recognition from satellite pictures, a 
method used previously by Ahmetovic et al. (2017).

In further research on traffic safety at PCs, it is necessary to conduct 
an analysis that seeks to discern the reasons for different levels of traffic 
safety in various countries. This research should distinguish between 
the impact of such factors as design, lighting, and national rules that 
influence the behaviour of traffic participants. This could be done either 
by analysing raw accident data for certain parameters or by observing 
traffic behaviour. A possible approach to such research has been 
proposed by Basile et al. (2010). 

Conclusion

The analysis of accidents at pedestrian crossings has shown that 
there are distinct differences between 14 analysed countries. Clear 
spatial regions can be distinguished with regard to the road traffic death 
rate at pedestrian crossings, but not for the road traffic injury rate at 
PCs. Nevertheless, there still is a statistical correlation between both 
indicators. A correlation also exists between the road traffic death rate 
at PCs and the total road traffic death rate, but not between the road 
traffic injury rates in general and at pedestrian crossings in particular.

Further investigation into the reasons for accidents is needed to 
more comprehensively compare the data from various countries and to 
develop new strategies for reducing accidents at PCs. Keep in mind that 
these accidents can in some regions of Europe account for up to 9.15% 
of traffic fatalities. Aiming to improve traffic safety for vulnerable 
road users and make active modes of transportation more attractive, 
the traffic safety of pedestrians who are crossing the street should be 
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for high number of fatalities at PCs can help ensure safer streets for 
everyone. 
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