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Abstract: 

The night time, based on many world studies, generates an increased risk of serious accidents (with fatalities and serious 

injuries). This is especially true for accidents with pedestrians. Pedestrian crossings are very sensitive to the influence of 
the time of day in terms of pedestrian safety, elements of road infrastructure. This is visible on the example of Poland, 

where numerous accidents at crosswalks are recorded, characterized by high severity at night. Road infrastructure man-

agers take corrective actions to improve this condition. An example of such work is the Road Safety Audit (RSA), initiated 
in 2016 by the Municipal Roads Management Board in Warsaw. The analyses carried out by the authors, among others, 

in the years 2016 - 2019, included pedestrian crossings without traffic lights located on roads managed by ZDM (Municipal 

Roads Authority) in twelve districts: Bemowo, Bielany, Mokotów, Ochota, Praga Południe, Praga Północ, Śródmieście, 
Targówek, Ursynów, Wawer, Włochy, Żoliborz. The assessment was carried out in terms of the correct lighting of these 

passages, traffic organization, geometry and environmental impact. The main aim of the article is to present a methodology 

for evaluating the technical condition of road lighting infrastructure on a large scale (e.g. district, city). The article dis-
cusses the general and detailed state of pedestrian safety in Poland against the background of research conducted in 

Warsaw. The procedure of inspection and assessment of the state of lighting of pedestrian crossings is described and 

selected results are presented. On the basis of a detailed analysis of the results of individual pedestrian crossings, the 
general condition of the tested crossings was assessed and recommendations were indicated. An attempt was made to 

assess the influence of pedestrian crossings lighting on the general state of road safety. A critical evaluation of the obtained 

effects was made. The utilitarian aim of the article is to apply the described methodology in other cities and to use the 
results of the conducted analyses to plan and implement road investments in the field of modernization of lighting at pe-

destrian crossings on a large scale. 
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1. Introduction 

The illumination of road infrastructure is shown in 

many research results, as one of the key factors in-

fluencing safety levels. Night time has been shown 

to be associated with an increase in the risk of acci-

dents, especially fatalities and serious injuries. The 

results of the studies (Gray et al., 2008; Michalaki et 

al., 2015) indicate an increase in the severity of ac-

cidents during the night time by about 30%, with a 

decrease in the number of accidents with slightly in-

jured victims during the daytime (Gray et al., 2008; 

Michalaki et al., 2015). The results of studies for 

Sweden, Norway and the Netherlands indicate that 

the risk of night-time accidents for pedestrians and 

cyclists in urban areas has increased nearly two 

times (Johansson et al., 2009). Studies by (Owens, 

2004; Plainis, Murray, 2002; Bassan, Mutani, 2012; 

Zhang et al., 2020), confirm that a significant pro-

portion of road accidents involving fatalities in de-

veloped countries took place at night (Owens, 2004; 

Plainis, Murray, 2002; Bassani, Mutani, 2012; 

Zhang et al., 2020) and therefore, as stated by 

(Horberry et al., 2006), the improvement of visibil-

ity at night may be the main factor reducing the num-

ber of accidents. 

Studies in Poland (Gaca, Kieć, 2013; Gaca, Po-

godzińska, 2017), indicate a significant increase in 

the risk for pedestrians during the night time, with a 

slight increase in the risk for other traffic partici-

pants, similar results were obtained in the (Kwan, 

Mapstone, 2009; Ackaah, Adonteng, 2011; Gris-

wold et al., 2011). The increased risk of pedestrian 

safety at night results from increased vehicle speed 

and lack of proper visibility of pedestrians, espe-

cially when crossing the road (Peden et al., 2004; 

Duda, Sierpiński, 2019). 

The assessment of the impact of lighting on pedes-

trian safety indicates that pedestrian crossings are a 

particularly important element of road infrastructure 

in this respect (Patella et al., 2020). Pedestrian visi-

bility at a pedestrian crossing at night is indicated as 

a key factor affecting the safety of road users 

(Bullough et al., 2012). The studies indicate the im-

portance of the way and quality of lighting affecting 

the distance from which a driver can see a pedestrian 

approaching, waiting at the crossing or crossing the 

road (Gibbons et al., 2008, Nambisan et al., 2009). 

As early as in 1978, Polus and Katz demonstrated a 

significant reduction in car and pedestrian accidents 

at night, with the installation of pedestrian crossing 

lighting (Polus, Katz, 1978). The increase in the 

quality of lighting of pedestrian crossings, based on 

research in Australia, reduced the risk of accidents 

with pedestrians at night by nearly 60% (Retting et 

al., 2003). 

According to IESNA, there were three times as 

many fatal accidents at unlit or improperly lit pedes-

trian crossings as at crossings equipped with proper 

lighting (ANSI/IESNA, 2000). Numerous studies 

indicate an improvement in pedestrian safety after 

the installation of lighting systems dedicated for pe-

destrian crossings (Markvica et al., 2019; Peña-Gar-

cía et al., 2015; Davidovic et al., 2019). Numerous 

studies have also focused on the improvement of pe-

destrian safety by selecting appropriate technical pa-

rameters of lighting (Saraiji, 2009; Saraiji, Oommen 

Ba, 2015; Ackaah, Adonteng, 2011). 

The problem of improving pedestrian safety at 

crossings in Poland has been the subject of research 

carried out for many years (Budzynski et al., 2019; 

Budzynski et al., 2017; Jamroz, 2014; RSAR, 2019; 

Żukowska, 2015). Increasing the safety of unpro-

tected road users can be realized on many levels (i.e.: 

technical, training, organizational, informational) 

(Jamroz, 2014; Jamroz et al., 2018).  

The assessment of the state of threat to pedestrians 

can be carried out in general terms on the basis of 

the analysis of road accident statistics. Every year 

about 27% of all accidents, 21% of injured people 

and 33% of fatalities in road accidents are pedestri-

ans (Symon, Komenda Główna Policji - Biuro 

Ruchu Drogowego, 2020). This group of traffic par-

ticipants is particularly vulnerable to the tragic con-

sequences of accidents because, unlike drivers, it is 

not protected in any way, e.g. by the vehicle body, 

seat belts, airbags or helmets. Figure 1 shows trends 

in the number of accidents involving pedestrians 

against all data. The data show a steady decrease in 

the number of road accidents in recent years, includ-

ing those with pedestrians (Figure 1). Unfortunately, 

in the case of fatalities, no significant decreases have 

been recorded in the last five years. The number of 

pedestrian deaths has been falling more noticeably 

during this time, but also these are not significant 

decreases (about 14% in the last 5 years). 

Data for the last six years indicate a significant share 

of accidents with pedestrians, recorded at pedestrian 

crossings. In 2018, 3209 accidents were recorded at 

pedestrian crossings without light-controlled, in 

which 3126 pedestrians were injured and 241 people 
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died. The number of accidents with pedestrians rec-

orded at pedestrian crossings without light-con-

trolled was over 44% of all accidents with pedestri-

ans in 2019. Since 2014, a decrease in the number of 

such accidents by about 5% and the number of fatal-

ities remained at a similar level. At the same time, in 

the analyzed period, the share of accidents with pe-

destrians registered at pedestrian crossings increased 

by 10% and the number of fatalities in these acci-

dents increased by 8% (in 2018, over 46% of all in-

jured victims and 30% of fatalities among pedestri-

ans were registered at pedestrian crossings without 

traffic signals) (Figure 2). 

The Police Headquarters report (Symon, Komenda 

Główna Policji - Biuro Ruchu Drogowego, 2020) 

shows that accidents involving pedestrians are more 

frequent in built-up areas, where the pedestrian traf-

fic intensity is higher. However, outside built-up ar-

eas, the effects of accidents are much more serious. 

Pedestrians died in every second accident in unde-

veloped areas and in every twelfth in built-up areas. 

At the same time, the severity of all accidents during 

the night time was twice as high as during the day (7 

fatalities per 100 accidents during the day and 14 

during the night), which is usually due to higher 

speeds during the night time. Analyzing the data 

(Symon, Komenda Główna Policji - Biuro Ruchu 

Drogowego, 2020) in relation to pedestrians and 

comparing the number of accidents with their share 

in the monthly system, it results that almost half of 

all accidents occurred in January, October, Novem-

ber and December, i.e. in months when natural light 

conditions are worse than in the summer. Apart from 

lengthening the time without natural lighting, one of 

the reasons for the increase in the number of acci-

dents involving pedestrians in the autumn-winter pe-

riod is the occurrence of transport peaks after dusk 

or before dawn (Jamroz et al., 2018). To increase pe-

destrian safety, it is important to ensure proper light-

ing conditions in conflict areas, regardless of the 

season. 

On the picture (Figure 3) have been presented the 

share of accidents recorded at pedestrian crossings 

outside the time of daylight (night, dawn, dusk). 

 

 

 
Fig. 1. The number of road accidents and fatalities in Poland - years 2010 – 2019 
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Fig. 2. Share of accidents and their victims with pedestrians, registered at pedestrian crossings (2014 -2019) 

 

 

 
Fig. 3. Accidents with pedestrians at night crossings (2014 – 2018) 
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In 2018, 1406 such accidents were recorded (43% of 

accidents at pedestrian crossings without light-con-

trolled), with 1359 injured victims (44%) and 136 

fatalities (as many as 56%). The data presented in 

Figure 3 shows that the improvement of safety in the 

area of pedestrian crossings at night constitutes a 

very large potential for the reduction of fatalities 

among pedestrians. The results of the analysis con-

ducted in Warsaw (ZDM, 2019B) indicate that there 

is no downward trend in the number of road acci-

dents in the years 2010 - 2018 and a downward trend 

in the number of fatalities from 2013 (Figure 4). In 

2018, the most common type of accidents on War-

saw streets were those involving pedestrians. They 

accounted for 38% of the total number of accidents. 

A positive aspect is the fact that in relation to 2016, 

there was a decrease in this share by nearly 10%, and 

the number of fatalities itself decreased by 23%. 

Accidents at pedestrian crossings constituted by far 

the largest share in the number of all accidents with 

pedestrians, in 2018 177 such accidents were rec-

orded (46% of all accidents with pedestrians), in 

which 182 people were injured, 22 of whom were 

seriously injured and 6 people died (25% of all pe-

destrian deaths (Figure 5). 

By analysing the number of accidents with pedestri-

ans and their victims recorded at night-time pedes-

trian crossings, it is important to highlight their sig-

nificant share. In 2014, 48% of such accidents were 

recorded in which 50% of all pedestrian deaths were 

recorded in accidents at pedestrian crossings. Partic-

ularly tragic in this respect was the year 2016, when 

over 80% of such deaths were recorded. This indi-

cates, as in the whole country, a serious problem re-

lated to the safety of pedestrians at night crossings 

(Figure 6).  

 

 

 
Fig. 4. The number of road accidents and fatalities in Warsaw (2010 – 2018) 
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Fig. 5. Share of accidents and their victims with pedestrians registered at pedestrian crossings in Warsaw 

(2014 -2018) 

 

 

 
Fig. 6. Accidents with pedestrians at night crossings in Warsaw (2014 – 2018) 



Tomczuk, P., Chrzanowicz, M., Mackun, T., Budzyński, M., 

Archives of Transport, 59(3), 21-39, 2020 

27 

 

 

The data presented above illustrate the problem of 

accidents at pedestrian crossings without light-con-

trolled, including at night. However, one should be 

aware that the locations of accidents with pedestri-

ans, due to their small statistical number, are no 

longer a map of "black spots". In order to act pre-

ventively, a corrective action plan should be drawn 

up on the basis of maps showing the level of risk at 

pedestrian crossings, regardless of whether an acci-

dent involving pedestrians has occurred here. Haz-

ard maps must relate to existing parameters and the 

extent to which high safety standards are met. Act-

ing on the hazard map, the Road Administration can 

act preventively, without waiting for accidents and 

fatalities, and a constant evaluation of the imple-

mented solutions will allow to assess their effective-

ness. 
 

2. Objectives 

The analyses of pedestrian safety carried out by the 

ZDM in Warsaw, which indicated such a high de-

gree of their hazard, resulted in taking preventive 

steps in the form of a decision to carry out compre-

hensive road safety assessments (NSAs) together 

with detailed research on the state of lighting of pe-

destrian crossings (ZDM, 2016). The main objective 

of the actions taken by the Warsaw Municipal Road 

Administration was to reduce the number of acci-

dents at pedestrian crossings. In the years 2016 – 

2018 (ZDM, 2019A) this goal was achieved in rela-

tion to the number of fatalities at night at pedestrian 

crossings. In the case of all deaths at pedestrian 

crossings, the number of fatalities has slightly de-

creased, which indicates the need to intensify actions 

in this regard. 

The main purpose of this article is to present the 

methodology used to assess the technical condition 

of road lighting infrastructure implemented on a 

large scale (e.g. district, city). The article describes 

the procedure of inspection and assessment of the 

state of lighting of pedestrian crossings and presents 

selected results. The test subjects are pedestrian 

crossings not covered by traffic lights, located on il-

luminated roads managed by ZDM in Warsaw. 

 

3. Methodology for inspection the state of 

lighting at pedestrian crossings 

The authors undertook attempts to systematize the 

process of evaluating the lighting condition of exist-

ing pedestrian crossings for the needs of moderniza-

tion activities in the city of Warsaw. It should be 

noted that the activities undertaken in the field of 

lighting condition assessment were conducted sim-

ultaneously with the work of the team of Road Traf-

fic Safety Auditors, whose task was to assess the re-

maining elements affecting pedestrian safety.  

The tests of lighting condition concerned pedestrian 

crossings without traffic lights. The night-time field 

tests and study work of the team of experts made it 

possible to establish an assessment of the actual 

lighting condition of pedestrian crossings. The audit 

was preceded by the development of an original 

method of conducting measurements in field condi-

tions (ZDM, 2016). The basis for the development 

of the method for the assessment of the state of light-

ing of pedestrian crossings are the lighting classes 

resulting from the normative recommendations used 

in Poland, which are recorded in the documents of 

the five-part standard (PN-EN 13201, 2016). It 

should be noted that until the commencement of 

works, a uniform and comprehensive security con-

trol procedure dedicated to pedestrian crossings, tak-

ing into account parametrized lighting factors, was 

not developed and implemented in Poland. There are 

countries with formal requirements (DIN, 2010; MD, 

2015) and studies (Holec et al., 2009) are being con-

ducted in the area of pedestrian crossings. World-

wide, audits (Mackun et al., 2017; Montella, Mauri-

ello, 2010; Nabors et al., 2007; Pashkevich, Nowak, 

2017) assessing the condition of infrastructure de-

signed for pedestrians were also carried out. 

In urban agglomerations, the assessment of the state 

of lighting infrastructure is very important from the 

point of view of maintaining the existing state or im-

proving lighting conditions (Jamroz, 2014; Jamroz 

et al., 2018). It should be emphasized that in Poland, 

until 2016, no similar work was carried out to such 

an extent, both in terms of numbers and area. Liter-

ature studies (Holec et al., 2009; Nabors et al., 2007) 

preceding the conceptual and field work did not in-

dicate a useful methodology for the assessment of 

lighting parameters. Authors among the literature 

encountered one item (Montella, Mauriello, 2010), 

where an attempt was made to objectively quantify 

the pedestrian risk, giving weight points and weights 

to particular pedestrian crossing parameters. How-

ever, in this method, the assessment of lighting con-

dition does not include significant qualitative param-

eters. Literature studies (Montella, Mauriello, 2010; 
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Nabors et al., 2007) indicate that the lighting assess-

ment factor in the proposed assessment procedures 

is treated ambiguously, the values of lighting param-

eters were not taken into account and no recom-

mended and limit values were defined. Weights and 

weighting points cannot be adopted directly to the 

Polish conditions due to the local specificity of driv-

ing and pedestrian behaviour and other road traffic 

regulations. Therefore, a completely new, compre-

hensive assessment method had to be developed, al-

lowing for the identification of risk factors occurring 

at pedestrian crossings indicated for assessment. 

One of its elements was the lighting condition of pe-

destrian crossings. The authors of the Polish method 

of assessment decided to separate the final assess-

ment in terms of lighting parameters and other road 

safety parameters (due to difficulties in determining 

the partial weighting of individual criteria influenc-

ing the final result of the comprehensive road safety 

assessment at pedestrian crossings). This article dis-

cusses only the factor of lighting condition assess-

ment. 

Measurements of the state of lighting at pedestrian 

crossings in Warsaw were carried out in 3-4 person 

measurement teams, consisting of people experi-

enced in conducting specialized tests of road light-

ing in field conditions. All teams carried out meas-

urements according to the uniform author's proce-

dure (ZDM, 2016; ZDM, 2017; ZDM, 2019A). 

At each of the pedestrian crossings, measurements 

were carried out with the use of the following meas-

urement tools: lux meters, laser distance meters, 

cameras. In the first stage, the directions of vehicle 

traffic were identified and the geometrical parame-

ters of the passageway were taken into account, as 

well as the location of luminaires in the surroundings 

of the pedestrian crossing, presented in Figure 7. 

There are factors that should be taken into account 

when evaluating the lighting condition of a pedes-

trian crossing (Jamroz et al., 2018; Tomczuk et al., 

2019) i.e.: providing the driver with appropriate con-

ditions for observing a pedestrian located directly at 

the crossing and in the waiting zone; providing the 

pedestrian with appropriate conditions for observing 

a vehicle approaching a pedestrian crossing; distin-

guishing the crossing area from the road space ob-

served by the driver; ensuring mutual visibility on 

the section of access to the pedestrian crossing. 

These factors should be considered as a starting 

point for the analysis and evaluation of lighting in 

the pedestrian crossing. The applied simplified pro-

cedure for the measurement of illumination parame-

ters makes it possible to make an initial classifica-

tion of the basic lighting parameters in the pedestrian 

crossing planes related to the lighting levels on the 

carriageway - horizontal Eh and on the silhouette of 

a pedestrian - vertical Ev. 

The grid for measuring the illumination intensity in 

the horizontal surface named Eh is shown in Fig-

ure 8 (points 1 to 30). The measurement should be 

made along the edges of e1 and e2 and in the axis of 

the pedestrian crossing. The Eh surface is related to 

the illumination of the roadway within the horizontal 

gangway signs (including the pedestrian crossing 

signs) and waiting zones (Tomczuk et al., 2017). 

 

 
Fig. 7. Geometry of a pedestrian crossing, where: a - width of the pedestrian crossing; b - length of the pedes-

trian crossing together with the waiting zone; d - distance from the edge of the crossing to the nearest 

luminaire 
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Fig. 8. Grid of measurement points located in planes Eh and Ev (Tomczuk et al., 2017) 

 

On the basis of the values obtained at individual 

measuring points of the Eh surface, the following 

parameters related to the illumination intensity in the 

horizontal plane shall be calculated: Ehmin and Ehmax 

(minimum and maximum horizontal illumination in-

tensity), Ehav - expressing the average horizontal il-

lumination intensity (being the quotient of the sum 

of measurement results at successive measuring 

points of horizontal illumination intensity divided 

and the number of measurements), U0 as the uni-

formity of illumination intensity in the horizontal 

plane (being the quotient of Ehmin and Ehav) 

(Tomczuk et al., 2017). 

The measurements in the vertical planes EV (points 

from 31 to 50) related to the illumination of a pedes-

trian silhouette should be made for all directions of 

vehicle traffic. The height of the measuring head po-

sition during the measurement of EV parameters is 

1.0 m from the road surface, in the axis of the pas-

sageway, along the entire length of the pedestrian 

crossing and in the waiting zone (Tomczuk et al., 

2017). For each direction of vehicle traffic, the in-

tensity parameters (min, max, average, uniformity) 

should be determined as for the horizontal plane. 

The results obtained by determining the above pa-

rameters for both planes are compiled in tables and 

enable objective evaluation of the lighting condition, 

which are allocated on the basis of standardized clas-

ses: C - for horizontal illumination and EV - for ver-

tical illumination (Tomczuk et al., 2017; PN-EN 

13201, 2016). 

Standard (PN-EN 13201, 2016) does not directly de-

fine lighting requirements at pedestrian crossings. 

However, it defines the intensity requirements for 

the design and testing of street lighting in traffic ar-

eas on horizontal Eh and vertical EV surface. For 

measurements of horizontal illumination intensity 

Eh at pedestrian crossings, lighting classes C related 

to lighting of conflict zones have been adopted (Ta-

ble 1). 

For the measurements of the vertical intensity of Ev 

lighting at pedestrian crossings, the EV lighting clas-

ses related to the lighting of vertical surfaces were 

adopted (Table 2). 

On the basis of previously conducted measurements 

and photographic documentation, it is necessary to 

prepare a report on lighting measurements at the pe-

destrian crossing, which includes: basic location in-

formation, general data, results of measurements and 

calculations made, description of the state of lighting 

at the crossing, photos of the lighting situation at the 

crossing and comments and recommendations for 

the inspection. 
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Table 1. C class of lighting and the proposed scale of point marks (PN-EN 13201, 2016) 

C Class 
Horizontal intensity of illuminance Eh Rating RC 

Eh w [lx] (the lowest value, the expected value) Uo [the lowest value] Points 

C0 50 

0,4 

6 

C1 30 5 

C2 20 4 

C3 15 3 

C4 10 2 

C5 7,5 1 

lack of class < 7,5 - 0 

 

Table 2. EV class of lighting and the proposed scale of assessments point (PN-EN 13201, 2016) 
Vertical intensity of illuminance Ev Rating REVD1 and REVD2 

EV Class Ev,min w [lx] (maintained) Points 

EV1 50 6 

EV2 30 5 

EV3 10 4 

EV4 7,5 3 

EV5 5 2 

EV6 0,5 1 

lack of class < 0,5 0 

 

The chart of each pedestrian crossing also contains 

subjective evaluation and the opinion of the evalua-

tion team. The subjective assessment "SE" is issued 

by the assessment team during the field measure-

ment and is intended to represent the subjective feel-

ings of the assessors related to the lighting of the pe-

destrian crossing, the waiting zone, the lighting of 

the pedestrian silhouette located at the pedestrian 

crossing and the state of street lighting in the vicinity 

of the pedestrian crossing. The scale of points scores 

describing subjective ‘SE’ lighting conditions was 

adopted: 0 - very bad, 1 - bad lighting conditions, 2 

- mediocre, 3 - sufficient, 4 - good, 5 - very good 

(Tomczuk et al., 2017). The results of the measure-

ments were then aggregated in the database of light-

ing measurements and allowed to develop a sum-

mary report. 

Using the procedure of assigning ranking points to 

each of the classes C (Table 3, RC) and EV (Table 4, 

REVD1, REVD2), it became possible to determine 

the objective assessment of the state of pedestrian 

crossing lighting depending on the lighting class: 
 

OE = f1 RC + f2 REVD1 +f3 REVD2 (1) 
 

where: 

OE - objective evaluation, 

RC - evaluation associated with lighting the horizon-

tal plane, 

REVD1 - evaluation associated with lighting the ver-

tical plane in direction 1, 

REVD2 - evaluation associated with lighting the ver-

tical plane in direction 2 

f1, f2, f3 - the weight factor (f1, f2, f3 = 0,33). 

 

The final assessment of the state of lighting of the 

pedestrian crossing is given on the basis of the sum 

of the subjective and objective partial assessment: 
 

FR = f4 SE +f5 OE (2) 
 

where: 

FR - final ranking, 

SE - subjective evaluation, 

OE - objective evaluation, 

f4, f5 - the weight factor (f4, f5 = 0,5). 

In the case of finding incorrect levels of light inten-

sity or improper lighting conditions, technical solu-

tions have been proposed to improve the perception 

of pedestrians at night, both at the passageway itself 

and in the waiting area (recommendations include a 

number of treatments ranging from the cheapest and 

easiest in application to those requiring a compre-

hensive rebuilding of the lighting system).  

As a result of the work carried out, a collective data-

base of lighting parameters was created. On the basis 

of the summary results of measurements and evalu-



Tomczuk, P., Chrzanowicz, M., Mackun, T., Budzyński, M., 

Archives of Transport, 59(3), 21-39, 2020 

31 

 

 

ations, a summary is created together with recom-

mendations and proposals for action to be taken by 

the infrastructure manager, which have a real chance 

to improve the lighting situation at the tested pedes-

trian crossings. 

 

4. Results of the lighting inspection and discus-

sion 

Between 2016 and 2019, the Municipal Roads Au-

thority conducted a safety audit at pedestrian cross-

ings in twelve Warsaw districts (ZDM, 2016; ZDM, 

2017; ZDM, 2019A): Bemowo, Bielany, Mokotów, 

Ochota, Praga Południe, Praga Północ, Śródmieście, 

Targówek, Ursynów, Wawer, Włochy, Żoliborz, at 

a total of 3138 pedestrian crossings (Figure 9). De-

tailed results of the audit were published on the web-

site of the Municipal Roads Administration in the 

"Surveys and analyses". 

The collected results of lighting measurements for 

3138 pedestrian crossings allowed to make some 

generalisations relating to the objective assessment 

of lighting condition. The mean value of the hori-

zontal illuminance of the tested passages is 

Ehav = 20.61 lx. It was found that this value was not 

obtained at 1052 (33.5%) pedestrian crossings. 

However, at 1214 (Figure 10), pedestrian crossings, 

the mean value of light intensity in the horizontal 

plane was not obtained, which is higher than 7.5 lx, 

which is 38.7% of the total. This means that the re-

quirements of the lowest lighting class C5 were not 

met on them. Therefore, a group of pedestrian cross-

ings was identified, where corrective actions should 

be taken first. 

The obtained results of measurements of vertical il-

luminance at pedestrian crossings, measured for two 

directions of vehicle traffic, were also analysed. The 

results are presented in Table 5, assigning the ob-

tained values of illuminance to EV classes (Tomczuk 

et al., 2017). 

The recorded value vertical illuminance in vertical 

planes (Table 3) indicates unfavorable conditions for 

the driver to detect a pedestrian silhouette in the 

waiting area or roadway. The reason for this situa-

tion is the use of highly suspended street lighting fix-

tures (negative contrast) for lighting the pedestrian 

crossing area, which introduce light mainly in the 

horizontal plane. Only few pedestrian walkways 

were equipped with dedicated solutions (ap-

prox. 1%). Improvement can be achieved by using 

specialized lighting fixtures dedicated to the illumi-

nation of pedestrian crossings (luminaires with dou-

ble asymmetry), where light is introduced to the sil-

houette of the pedestrian from the direction of vehi-

cle movement (positive contrast, reinforcing the ef-

fect of pedestrian lighting with car projectors). 

 

 

 

 

Bielany – 246 (2017) 

Bemowo – 162 (2019) 

Żoliborz – 181 (2019) 

Praga – Północ – 164 (2019) 

Targówek – 220 (2017) 

Śródmieście – 373 (2016) 

Praga – Południe – 356 (2016) 

Włochy – 240 (2019) 

Ochota – 208 (2016) 

Mokotów – 355 (2017) 

Wawer – 399 (2019) 

Ursynów – 234 (2017) 

Białołęka – realized in 2020 

Wola – realized in 2020 

Rembertów – realized in 2020 

Ursus – realized in 2020 

Wesoła – realized in 2020 

Wilanów – realized in 2020 

Fig. 9. Number of audits of pedestrian crossings carried out in individual districts of Warsaw in 2016 - 2019 

(ZDM, 2016; ZDM, 2017; ZDM, 2019A) (red marked with the districts audited, yellow with the dis-

tricts to be audited in future years) 
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Fig. 10. Percentage of Class C horizontal lighting intensity at pedestrian crossings Eh 

 

Table 3. EV classes - Summary of results for the pedestrian crossings analysed 

Class EV 
EVmin [lx]  

(minimum maintained]) 

Direction 1 Direction 2 

Number of pedestrian crossings % Number of pedestrian crossings % 

EV1 50 13 0,4 0 0,0 

EV2 30 35 1,1 26 0,8 

EV3 10 561 17,9 577 18,4 

EV4 7,5 320 10,2 366 11,7 

EV5 5 611 19,5 618 19,7 

EV6 0,5 1495 47,6 1440 45,9 

None < 0,5 103 3,3 111 3,5 

 

Using the methodology described in Chapter 2 to ob-

tain the final ranking evaluation, the state of lighting 

of pedestrian crossings was classified based on the 

subjective and objective evaluation (ZDM, 2016; 

ZDM, 2017; ZDM, 2019A). The graph presents the 

final grades obtained on the basis of subjective and 

objective grades for the surveyed pedestrian cross-

ings in 12 districts (Figure 11). The results of the ob-

jective evaluation take into account the achievement 

of the illuminance class C, so they include the pa-

rameter of uniformity of illuminance in the horizon-

tal plane. Sometimes a slight unevenness may sig-

nificantly affect the objective assessment, while ex-

perts found a very good level of lighting. This crite-

rion is difficult to express in field conditions in a 

subjective assessment by lighting auditors. It is 

therefore reasonable to combine the assessments re-

sulting from the lighting parameters and the expert 

assessments. The obtained final marks give a com-

plete picture of the analyzed lighting situation. They 

allow to clearly state what number of pedestrian 

crossings should be modernized in the first and fur-

ther order. 

 
Fig. 11. Summary of assessments of the state of 

lighting of pedestrian crossings in the final 

perspective 

 

The above-described measuring activities carried 

out in twelve Warsaw districts were aimed at deter-

mining the state of lighting at the existing pedestrian 

crossings, as well as at identifying problems and for-

mulating recommendations. On the basis of local in-

spections carried out at night and on the basis of 

measurements of lighting parameters, it was estab-
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lished that the condition of street lighting raises con-

cerns in the context of the implementation of light-

ing tasks at pedestrian crossings selected for testing.  

From the point of view of the road infrastructure ad-

ministration, the most important element of the audit 

are clearly defined recommendations to be imple-

mented after its implementation. It should be empha-

sized that each of the audited pedestrian crossings 

was individually and in detail described, as well as 

compiled in a database allowing for searching and 

compiling information. This work focuses on gen-

eral conclusions. Table 4 compiles all comments and 

recommendations for the improvement of lighting 

conditions at 3138 pedestrian crossings. 

In order to improve the lighting condition of pedes-

trian crossings it is possible to apply several repair 

variants, e.g.: installation of additional road lighting 

on new poles, installation of additional luminaires 

on existing poles, replacement of booms. It is also 

possible to replace the existing luminaires with new 

ones or to install additional installation in the vicin-

ity of pedestrian crossings equipped with luminaires 

with strictly directed light distribution. 

Special attention must be paid to the problem of sys-

tematic maintenance of street lighting installations 

in the context of improving existing lighting in the 

vicinity of pedestrian crossings and maintaining the 

assumed effects for new installations. As can be seen 

from the recommendations in Table 4, maintenance 

of luminaires, cleaning of luminaires and replace-

ment of light sources are the main causes affecting 

the state of lighting in pedestrian crossings. A low-

cost solution to improve lighting conditions in pe-

destrian crossings is to replace the existing light 

source with another one with higher power parame-

ters, or a combination of power and light colour 

(usually LED type luminaire). 

Attention was drawn to the problem of removing the 

existing obstacles to light, these are mainly crowns 

of tall trees obscuring street lighting fixtures. In 

Warsaw, many worn out street lighting installations 

should be replaced by modern systems in the future. 

When designing them, special attention should be 

paid to the aspect of proper lighting of pedestrian 

crossings and the proper selection of emission pa-

rameters of the luminaires used. 

By analysing in detail the level of safety at pedes-

trian crossings without traffic lights in Warsaw, by 

district, a comparison was made of the incidence of 

accidents during daytime and night time in the years 

2014 and 2018. In addition, the average level of 

lighting in individual districts was assessed. Table 5 

presents the results of this analysis. At this level, it 

is not possible to directly determine the impact of 

light levels on the occurrence of accidents at night 

crossings, due to too many variables. The safety 

level is related to, among other things, the geometry 

of the crossing area, the technical condition of the 

infrastructure, traffic organization and also lighting. 
 

Table 4. Combined overview - notes and recommendations (ZDM, 2016; ZDM, 2017; ZDM, 2019A) 

no. Comments and recommendations Number of actions Activities [%] 

1 Complete street lighting system maintenance 2035 27,0 

2 Cleaning of luminaires in the pedestrian area 1034 13,7 

3 Replacing a light source with a more powerful one in a pedestrian area 713 9,4 

4 
Replacing a light source with another one with a different light colour in the 
vicinity of a pedestrian crossing 

597 7,9 

5 
Installation of additional passageway lighting with dedicated asymmetrical 

beam luminaires 
540 7,2 

6 Installation of a street lighting fixture in the vicinity of a pedestrian crossing 515 6,8 

7 Installation of additional luminaires on existing street lighting poles 466 6,2 

8 Removal of light obstructions 408 5,4 

9 Performing alignment checks and adjusting luminaires and light sources 359 4,8 

10 Replacement of street lighting fixtures in the vicinity of a pedestrian crossing 308 4,1 

11 No comments 228 3,0 

12 Replacing faulty light sources with new ones in the pedestrian area 182 2,4 

13 Replacing all street lighting fixtures 82 1,1 

14 Changing the way (or height) of fixing street luminaires around a passageway 65 0,9 

15 Elimination of sources of glare 14 0,2 
 THE SUM 7546 100,0 
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Table 5. Characteristics of individual districts of Warsaw 
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Bemowo  35 11 57,1 36,4 0,12 0,02 162 26,2 

Białołęka 61 3 63,9 66,7 - - - - 

Bielany  50 5 44,0 40,0 0,09 0,01 246 18,7 

Mokotów  66 10 54,5 50,0 0,10 0,01 355 17,1 

Ochota  50 19 52,0 42,1 0,13 0,04 208 16,9 

Praga-Południe  61 13 59,0 46,2 0,10 0,02 356 16,1 

Praga-Północ  38 2 42,1 0,0 0,10 0,00 164 23,6 

Rembertów  19 3 31,6 66,7 - - - - 

Śródmieście  86 11 47,7 63,6 0,11 0,02 373 19,9 

Targówek  78 8 51,3 62,5 0,18 0,02 220 27,8 

Ursus  31 8 64,5 87,5 - - - - 

Ursynów  38 10 57,9 70,0 0,09 0,03 234 20,7 

Wawer  58 9 31,0 44,4 0,05 0,01 399 21,6 

Wesoła  14 3 64,3 100,0 - - - - 

Wilanów  12 3 41,7 33,3 - - - - 

Włochy  39 12 38,5 25,0 0,06 0,01 240 22,1 

Wola  85 27 41,2 29,6 - - - - 

Żoliborz  32 8 46,9 62,5 0,08 0,03 181 31,9 

THE SUM 853 165 49,4 - - - - - 

 

The Table 5 presents data on road accidents and their 

victims at pedestrian crossings without signalling for 

all districts of Warsaw and data on the number of 

crossings, the number of accidents and their victims 

per crossing and the level of lighting in the districts 

that were assessed during the audit so far. Notewor-

thy is the high share of accidents at night crossings 

in the districts of Wesoła, Ursus, Białołęka, Praga-

Południe, Ursynów, Mokotów, Ochota and 

Targówek and the share of fatalities and serious in-

juries in the districts of Wesoła, Ursus, Ursynów, 

Białołęka, Rembertów, Śródmieście, Targówek and 

Żoliborz. Taking into account the number of night-

time accidents, the districts of Targówek, Ochota 

and Bemowo pay attention to the number of pas-

sages, and in the case of the number of fatalities and 

severely wounded, the districts of Ochota, Żoliborz 

and Ursynów stand out. At the same time, the lowest 

level of lighting was recorded in the districts of 

Praga-Południe, Ochota, Mokotów, Bielany and 

Śródmieście.  

The above analysis shows that the problem of acci-

dents at night-time crossings varies between districts 

of the city and confirms the need for an individual 

approach to each of the assessed crossings. Each pe-

destrian crossing should be assessed individually 

and independently in terms of lighting and road 

safety. The assessment of the impact of lighting lev-

els on pedestrian safety at crosswalks requires fur-

ther research over a longer period of time and the use 

of indirect methods to assess pedestrian safety (Gaca, 

Kieć, 2015; Gaca, Kieć, 2016; Szagała et al., 2016). 

 

5. Conclusions 

As a result take necessary corrective actions, given 

the high share of pedestrians in the total number of 

road accident victims in Poland. It should be taken 

into account that the assessment of lighting condi-
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tion carried out using the basic parameter, i.e. illu-

minance, does not provide full and often sufficient 

information about the lighting condition at a given 

pedestrian crossing. It is possible to perform addi-

tional tests of the luminance parameters (to deepen 

the analysis of lighting conditions in the environ-

ment), taking into account the silhouette of the pe-

destrian and allowing to determine the contrast of 

the pedestrian with the background (Baleja et al., 

2015; Baleja et al., 2017; Tomczuk et al., 2019), 

however, it should be borne in mind that this test is 

significantly more expensive. Indirect support for 

the reference level of lighting at the pedestrian cross-

ing would be to establish and maintain the given 

street lighting classes.  

An additional element which requires further testing 

is the values of weights used in the final assessment 

of the pedestrian crossing. The weights have been 

established empirically, but further research should 

be carried out in order to determine them objectively, 

which is the authors' future goal. This applies in par-

ticular to scales f4 and f5. Until the weights are de-

veloped mathematically, auditors and inspectors 

should be trained so that their subjective evaluation 

is based on similar criteria.  

In selected countries, regulations on lighting pedes-

trian crossings have been in place for many years 

(DIN, 2010; MD, 2015). Also in Poland, in 2017, on 

the basis of experiences related to audits carried out 

in Warsaw, guidelines for proper lighting of pedes-

trian crossings were developed (Jamroz et al., 2018). 

They were created at the request of the Ministry of 

Infrastructure represented by the secretariat of the 

National Road Safety Council and since 2018 they 

have been recommended by the Minister of Infra-

structure for use on public roads in Poland.  

The introduction of lighting requirements in the area 

of pedestrian crossings, in particular for dedicated 

solutions, requires the validation of the results of the 

designed installation at the stage of investment ac-

ceptance. On the other hand, at the stage of operation 

it is possible to carry out systematic supervision over 

the condition of the lighting system and, on this ba-

sis, to carry out the necessary maintenance measures 

necessary to maintain the lighting parameters at the 

pedestrian crossing. 

All measurement procedures described in the docu-

ment should be carried out systematically, at least 

every 5 years (Jamroz et al., 2018), at the stage of 

operation of the lighting system and relate to the as-

sumptions made at the stage of designing the light-

ing of the pedestrian crossing. The application and 

enforcement of the provisions of developed guide-

lines for proper lighting of pedestrian crossings at 

the stage of operation may contribute to the im-

provement of safety of unprotected road traffic par-

ticipants in Poland. 

Despite the existing standards (PN-EN 13201, 2016) 

and guidelines (Jamroz et al., 2018), the state of 

lighting at pedestrian crossings in Poland is not sub-

ject to systematic control on a large scale (town, 

province, country). The developed method of light-

ing condition assessment will allow for the continu-

ation of control works in the future and verification 

of the applied solutions improving lighting condi-

tions at pedestrian crossings and will contribute to 

the improvement of road infrastructure. Adoption 

and application of a uniform and repeatable proce-

dure on a national scale will enable comparison of 

results and comprehensive control of lighting condi-

tion.  

The analysis needs to be complemented by more dis-

tricts that are in the process of being evaluated by 

the auditors. It should also be noted the need for ef-

fective selection and implementation of proactive 

actions, improving pedestrian safety. It is also nec-

essary to verify the measures implemented in terms 

of their effectiveness. In further research work, the 

authors will perform detailed analyses at selected 

crossings to determine the impact on the safety level 

of selected lighting parameters, geometry, traffic or-

ganization and behavior of road users. 

 

Acknowledgements 

The article has been presented on 13th International 

BRD GAMBIT 2020 Conference. Co-funded by the 

Science Excellence programme of the Ministry of 

Science and Higher Education. 

 

References 

[1] ACKAAH, W., ADONTENG, D. O., 2011. 

Analysis of fatal road traffic crashes in Ghana. 

International Journal of Injury Control and 

Safety Promotion. 18(1), 21-27, DOI: 

10.1080/17457300.2010.487157. 

[2] ANSI/IESNA, 2000. American National Stand-

ard Practice for Roadway Lighting. 

ANSI/IESNA RP-8-00. 



36 

 

Tomczuk, P., Chrzanowicz, M., Mackun, T., Budzyński, M., 

Archives of Transport, 59(3), 21-39, 2021 

 

 

[3] BALEJA, R., BOS, P., NOVAK, T., SOKAN-

SKY, K., HANUSEK, T., 2017. Increasing of 

visibility on the pedestrian crossing by the ad-

ditional lighting systems. IOP Conference Se-

ries: Materials Science and Engineering. 236. 

DOI: 10.1088/1757-899X/236/1/012099. 

[4] BALEJA, R., HELSTYNOVA, B., SOKAN-

SKY, K., NOVAK, T., 2015. Measurement of 

luminance ratios at pedestrian crossings. 2015 

IEEE 15th International Conference on Envi-

ronment and Electrical Engineering, EEEIC 

2015 - Conference Proceedings. DOI: 

10.1109/EEEIC.2015.7165359. 

[5] BASSANI, M., MUTANI, G., 2012. Effects of 

environmental lighting conditions on operating 

speeds on Urban Arterials. Transportation Re-

search Record. .2298, 78–87. DOI: 

10.3141/2298-09. 

[6] BUDZYNSKI, M., GUMINSKA, L., JA-

MROZ, K., MACKUN, T., TOMCZUK, P., 

2019. Effects of Road Infrastructure on Pedes-

trian Safety. IOP Conference Series: Materials 

Science and Engineering, 603(4). DOI: 

10.1088/1757-899X/603/4/042052. 

[7] BUDZYNSKI, M., JAMROZ, K., MACKUN, 

T., 2017. Pedestrian Safety in Road Traffic in 

Poland. IOP Conference Series: Materials Sci-

ence and Engineering, 245, 042064. DOI: 

10.1088/1757-899X/245/4/042064. 

[8] BULLOUGH, J. D., REA, M. S., ZHANG, X., 

2012. Evaluation of visual performance from 

pedestrian crosswalk lighting. Transportation 

Research Board 91st Annual Meeting. 

[9] DAVIDOVIC, M., DJOKIC, L., 

CABARKAPA, A., DJURETIC, A., SKERO-

VIC, V., KOSTIC, M., 2019. Drivers’ Prefer-

ence for the Color of LED Street Lighting. 

IEEE Access. 7, 72850- 72861, DOI: 

10.1109/ACCESS.2019.2920737. 

[10] DIN, 2010. DIN 67523-2 2010-06 Beleuchtung 

von Fußgängerüberwegen (Zeichen 293 StVO) 

mit Zusatzbeleuchtung - Teil 2: Berechnung 

und Messung. Online: https://www.beuth.de/ 

de/norm/din-67523-2/126886296. 

[11] DUDA, K., SIERPIŃSKI, G., 2019. Traffic or-

ganisation problems at non-signalised inter-

sections – case studies of visibility distance and 

‘GIVE WAY’ and ‘STOP’ road signs. Scientific 

Journal of Silesian University of Technology. 

Series Transport. 102, 41-52. DOI: 

10.20858/sjsutst.2019.102.3. 

[12] GACA, S., KIEĆ, M., 2013. Risk of Accidents 

During Darkness on Roads With Different 

Technical Standards. Road Saftey on Four 

Continenets Conference, May. Online: 

http://vti.diva-portal.org/smash/get/diva2:7586 

85/FULLTEXT01.pdf. 

[13] GACA, S., KIEĆ, M., 2016. Metoda Pośred-

niej Oceny Bezpieczeństwa Pieszych Na Przej-

ściach. Journal of Civil Engineering, Environ-

ment and Architecture. 63 (1/II/16), 201-208. 

DOI: 10.7862/rb.2016.76. 

[14] GACA, S., POGODZIŃSKA, S., 2017. Speed 

management as a measure to improve road 

safety on polish regional roads. Archives of 

Transport. 43(3), 29-42. DOI: 

10.5604/01.3001.0010.4225. 

[15] GACA, S., KIEĆ, M., 2015. Assessment of Pe-

destrian Risk at Crossings with Kinematic-

Probabilistic Model. Transportation Research 

Record: Journal of the Transportation Research 

Board, 2514(1), 129–137. DOI: 10.3141/2514-

14. 

[16] GIBBONS, R. B., EDWARDS, C., WIL-

LIAMS, B., ANDERSEN, C. K., 2008. Infor-

mational Report on Lighting Design for Mid-

block Crosswalks. FHWa-HRt-08-053. 

[17] GRAY, R. C., QUDDUS, M. A., EVANS, A., 

2008. Injury severity analysis of accidents in-

volving young male drivers in Great Britain. 

Journal of Safety Research. 39, 483–495. DOI: 

10.1016/j.jsr.2008.07.003. 

[18] GRISWOLD, J., FISHBAIN, B., WASHING-

TON, S., RAGLAND, D. R., 2011. Visual as-

sessment of pedestrian crashes. Accident Anal-

ysis and Prevention. 43(1), 301-306. DOI: 

10.1016/j.aap.2010.08.028. 



Tomczuk, P., Chrzanowicz, M., Mackun, T., Budzyński, M., 

Archives of Transport, 59(3), 21-39, 2020 

37 

 

 

[19] HOLEC, P., MAIXNER, T., SKÁLA, J., SME-

TANA, J., TESAŘ, J., 2009. Posouzení 

přechodových svítidel, Společnost pro rozvoj 

veřejného osvětlení podzimní setkání. Online: 

http://www.srvo.cz/wp-content/uploads/2017/ 

12/posouzeni_prech_svit.pdf. 

[20] HORBERRY, T., ANDERSON, J., REGAN, 

M. A., 2006. The possible safety benefits of en-

hanced road markings: A driving simulator 

evaluation. Transportation Research Part F: 

Traffic Psychology and Behaviour. 9, 77–87. 

DOI: 10.1016/j.trf.2005.09.002. 

[21] JAMROZ, K., 2014. Ochrona pieszych. Pod-

ręcznik dla organizatorów ruchu pieszego. Mi-

nisterstwo Infrastruktury i Rozwoju, Sekreta-

riat Krajowej Rady Bezpieczeństwa Ruchu 

Drogowego. Online: https://www.krbrd.gov.pl 

/wp-content/uploads/2020/12/Podrecznik-dla-

organizatorow-ruchu-pieszego.pdf. 

[22] JAMROZ, K., TOMCZUK, P., MACKUN, T., 

CHRZANOWICZ, M., 2018. Wytyczne organi-

zacji bezpiecznego ruchu pieszych. Wytyczne 

prawidłowego oświetlenia przejść dla pieszych. 

Ministerstwo Infrastruktury. Online: 

http://www.gov.pl/attachment/c5eb38bf-5b24-

4c0f-9093-7ed954f4a5dd. 

[23] JOHANSSON, Ö., WANVIK, P. O., ELVIK, 

R., 2009. A new method for assessing the risk 

of accident associated with darkness. Accident 

Analysis and Prevention. 41, 809–815. DOI: 

10.1016/j.aap.2009.04.003. 

[24] KWAN, I., MAPSTONE, J., 2009. Interven-

tions for increasing pedestrian and cyclist visi-

bility for the prevention of death and injuries. 

Cochrane Database of Systematic Reviews. 4, 

CD003438. DOI: 10.1002/14651858.CD0034 

38.pub2. 

[25] MACKUN, T., RYŚ, A., TOMCZUK, P., 

2017. Risk assessment methodologies for pe-

destrian crossings without traffic lights - War-

saw case study - Pedestrian safety assessment. 

MATEC Web of Conferences, 122. DOI: 

10.1051/matecconf/201712201004. 

[26] MARKVICA, K., RICHTER, G., LENZ, G., 

2019. Impact of urban street lighting on road 

users’ perception of public space and mobility 

behavior. Building and Environment. 154, 32-

43. DOI: 10.1016/j.buildenv.2019.03.009. 

[27] MD, 2015. MINISTERSTWO DOPRAVY, 

2015. Technicke Kvalitativni podminky staveb 

pozamnich komunikaci, Kapitola 15.2: 

Osvetleni pozemnich komunikaci. Online: 

https://www.mdcr.cz/Dokumenty. 

[28] MICHALAKI, P., QUDDUS, M. A., PIT-

FIELD, D., HUETSON, A., 2015. Exploring 

the factors affecting motorway accident sever-

ity in England using the generalised ordered 

logistic regression model. Journal of Safety Re-

search. 55, 89-97 DOI: 10.1016/j.jsr.2015. 

09.004. 

[29] MONTELLA, A., MAURIELLO, F., 2010. Pe-

destrian Crosswalks Safety Inspections: Safety 

Assessment Procedure. 4th International Sym-

posium on Highway Geometric Design. 

[30] NABORS, D., GIBBS, M., SANDT, L., ROC-

CHI, S., WILSON, E., LIPINSKI, M., 2007. 

Pedestrian Road Safety Audit Guidelines and 

Prompt Lists FHWA-SA-07-007 (Issue July). 

Online: https://trid.trb.org/view/840076. 

[31] NAMBISAN, S. S., PULUGURTHA, S. S., 

VASUDEVAN, V., DANGETI, M. R., 

VIRUPAKSHA, V., 2009. Effectiveness of au-

tomatic pedestrian detection device and smart 

lighting for pedestrian safety. Transportation 

Research Record. 2140(1), 27-34, DOI: 

10.3141/2140-03. 

[32] OWENS, D. A., 2004. Twilight vision and road 

safety: Seeing more than we notice but less than 

we think. Visual perception. 4014(012), 157–

180. DOI: 10.1037/10485-012. 

[33] PASHKEVICH, A., NOWAK, M., 2017. Road 

safety risk assessment at pedestrian crossings: 

a case study from Sułkowice. Scientific Journal 

of Silesian University of Technology. Series 

Transport. 95, 159-170. DOI: 

10.20858/sjsutst.2017.95.15. 

http://www.gov.pl/attachment/c5eb38bf-5b24-4c0f-9093-7ed954f4a5dd
http://www.gov.pl/attachment/c5eb38bf-5b24-4c0f-9093-7ed954f4a5dd
https://trid.trb.org/view/840076


38 

 

Tomczuk, P., Chrzanowicz, M., Mackun, T., Budzyński, M., 

Archives of Transport, 59(3), 21-39, 2021 

 

 

[34] PATELLA, S. M., SPORTIELLO, S., 

CARRESE, S., BELLA, F., ASDRUBALI, F., 

2020. The effect of a LED lighting crosswalk on 

pedestrian safety: Some experimental results. 

Safety. 6(20). DOI: 10.3390/safety6020020. 

[35] PEDEN, M., SCURFIELD, R., SLEET, D., 

MOHAN, D., HYDER, A. A., JARAWAN, E., 

MATHERS, C., 2004. World report on road 

traffic injury prevention. Online: https://apps. 

who.int/iris/bitstream/handle/10665/42871/92 

41562609.pdf;jsessionid=CB7BAAC17F0A00 

86486E2E7716CEA1BE?sequence=1. 

[36] PEÑA-GARCÍA, A., HURTADO, A., AGUI-

LAR-LUZÓN, M. C., 2015. Impact of public 

lighting on pedestrians’ perception of safety 

and well-being. Safety Science. 78, 142-148. 

DOI: 10.1016/j.ssci.2015.04.009. 

[37] PLAINIS, S., MURRAY, I. J., 2002. Reaction 

times as an index of visual conspicuity when 

driving at night. Ophthalmic and Physiological 

Optics. 22, 409–415. DOI: 10.1046/j.1475-

1313.2002.00076.x. 

[38] PN-EN 13201, 2016. PN-EN 13201:2016 

Oświetlenie dróg. 

[39] POLUS, A., KATZ, A., 1978. An analysis of 

nighttime pedestrian accidents at specially illu-

minated crosswalks. Accident Analysis and 

Prevention. 10, 223-228. DOI: 10.1016/0001-

4575(78)90013-1. 

[40] RETTING, R. A., FERGUSON, S. A., 

MCCARTT, A. T., 2003. A Review of Evi-

dence-Based Traffic Engineering Measures 

Designed to Reduce Pedestrian-Motor Vehicle 

Crashes. American Journal of Public Health. 

93(9), 1456-1463. DOI: 10.2105/AJPH.93.9 

.1456. 

[41] RSAR, 2019. Road safety annual report 2019. 

Online: https://www.itf-oecd.org/sites/default/ 

files/docs/irtad-road-safety-annual-report-

2019.pdf. 

[42] SARAIJI, R., 2009. Vertical illuminance based 

crosswalk illumination. LEUKOS - Journal of 

Illuminating Engineering Society of North 

America. 6(2), 153-167. DOI: 10.1582/LEU-

KOS.2009.06.02005. 

[43] SARAIJI, R., OOMMEN BA, M. S., 2015. 

Dominant contrast as a metric for the lighting 

of pedestrians. Lighting Research and Technol-

ogy 47, 434–448. DOI: 10.1177/147715 

3514525183. 

[44] SYMON, E., KOMENDA GŁÓWNA POLI-

CJI - BIURO RUCHU DROGOWEGO., 2020. 

Wypadki drogowe w Polsce w 2019 roku. 

Online: https://statystyka.policja.pl/dow-

nload/20/344365/Wypadkidrogowe2019.pdf. 

[45] SZAGAŁA, P., CZAJEWSKI, W., DĄBKOW-

SKI, P., OLSZEWSKI, P., 2016. Ocena bezpie-

czeństwa na przejściach dla pieszych przy po-

mocy analizy obrazu wideo. Journal of Civil 

Engineering, Environment and Architecture. 

63(1/II), 331-341. DOI: 10.7862/rb.2016.92. 

[46] TOMCZUK, P., CHRZANOWICZ, M., MAC-

KUN, T., 2017. Methodology for assessing the 

lighting of pedestrian crossings based on light 

intensity parameters. MATEC Web of Confer-

ences, 122, 01008. DOI: 10.1051/matec-

conf/201712201008. 

[47] TOMCZUK, P., JAMROZ, K., MACKUN, T., 

CHRZANOWICZ, M., 2019. Lighting require-

ments for pedestrian crossings – positive con-

trast. MATEC Web of Conferences, 262, 

05015. DOI: 10.1051/matecconf/20192620 

5015. 

[48] ZDM, 2016. ZARZĄD DRÓG MIEJSKICH 

WARSZAWA. Audyt bezpieczeństwa przejść 

dla pieszych – Śródmieście, Ochota i Praga Po-

łudnie. Online: https://zdm.waw.pl/dzialania/ 

badania-i-analizy/audyt-bezpieczenstwa-

przejsc-dla-pieszych-srodmiescie-ochota-

praga -poludnie/. 

[49] ZDM, 2017. ZARZĄD DRÓG MIEJSKICH 

WARSZAWA. Audyt bezpieczeństwa przejść 

dla pieszych – Targówek, Mokotów, Ursynów, 

Bielany. Online: https://zdm.waw.pl/dziala-

nia/badania-i-analizy/audyt-bezpieczenstwa-

przejsc-dla-pieszych-targowek-mokotow-

ursynow-bielany/. 

https://statystyka.policja.pl/download/20/344365/Wypadkidrogowe2019.pdf
https://statystyka.policja.pl/download/20/344365/Wypadkidrogowe2019.pdf


Tomczuk, P., Chrzanowicz, M., Mackun, T., Budzyński, M., 

Archives of Transport, 59(3), 21-39, 2020 

39 

 

 

[50] ZDM, 2019A. ZARZĄD DRÓG MIEJSKICH 

WARSZAWA. Audyt bezpieczeństwa przejść 

dla pieszych – Bemowo, Praga Północ, Wawer, 

Włochy, Żoliborz. Online: https://zdm.waw.pl/ 

dzialania/audyt-bezpieczenstwa-przejsc-dla-

pieszych-bemowo-praga-polnoc-wawer-wlo-

chy-zoliborz/. 

[51] ZDM, 2019B. ZARZĄD DRÓG MIEJSKICH 

WARSZAWA, 2019. Raport o stanie bezpie-

czeństwa na drogach. Online: https://zdm.waw 

.pl/dzialania/badania-i-analizy/raport-o-stanie-

bezpieczenstwa-na-drogach/. 

[52] ZHANG, Y., LU, H., QU, W., 2020. Geo-

graphical detection of traffic accidents spatial 

stratified heterogeneity and influence factors. 

International Journal of Environmental Re-

search and Public Health. 17(572), DOI: 

10.3390/ijerph17020572. 

[53] ŻUKOWSKA, J., 2015. Regional implementa-

tion of a road safety observatory in Poland. Ar-

chives of Transport. 63(1/II), 331-341. DOI: 

10.5604/08669546.1185212. 


