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Modelling speed at urban road sections in
Warsaw

Background and objective

Inappropriate speed is still the leading cause of accidents and victims in Poland (21% of accidents, as
many as 24% of seriously injured, and over 30% of fatalities between 2018 and 2022). Of course, it is a
much more frequent factor in non-urbanised areas. Still, in cities such as Warsaw, it contributes to the
highest fatalities (over 21% of the total) and is in second place in terms of seriously injured (15% of the
total).

The literature consists of many speed models. The measure of speed is most often the quantile 85 of
the speed distribution due to its widespread (e.g. in the USA) use for design purposes; less often, the
modelled variable is the average speed or the speed in free-flowing traffic. Most often, the models take
the form of linear equation. While the existing research provides essential results, because of country-
to-country differences (societal norms, law, driver behaviour), the literature models are not universal.

The aim of the research was to investigate and model the relationship between speed and
characteristics of the road and its environment based on extensive speed measurement data from
Warsaw, Poland. Road speed modelling is an essential element in determining the level of risk.

Methods

The data comes from traffic measurements conducted in 300 road cross-sections in Warsaw in 2017-
2021. Speed and flow were measured for the 24-hour period, 1-hour intervals. We collected data on
road design characteristics for each section using photos, mapping services, and inventory. The
following data were extracted: the number of lanes, road class, speed limit, the existence of curbs,
sidewalks or shoulders on both sides, the distance from the closest intersection, and existence of
specific road conditions that may affect speed (bus stops, crosswalks, etc.). To extract data on the
environment, we used GIS databases. From the database, we extracted the data on the function and
density of development.

The road sections were grouped based on their characteristics. The analyses revealed that the speed
characteristics on roads of the same class, cross-section, speed limit, located in areas with similar land
use are similar, and specific road conditions have an apparent effect on reducing vehicle speeds.

Separate models were developed for single and dual-carriageway road sections. Multiple linear
regression was used, as well as the classical least squares method to estimate the model coefficients.

Results

The research results in the models that allow for estimating the one-hour or daily average or 85"
percentile speed based on the characteristics of the road and its environment. The example model
presented by eq. 1 allows to estimate 85 percentile speed at one-carriageway road as a function of
flow and free flow speed attributed to each road section. The free flow speed can be either measured
or estimated from the characteristics of road and its environment, namely, number of lanes, road type



(main, collector or local road), land use density and the presence of shoulder, curb/ sidewalk, or
vehicles parking along the roadway.

V85 = V0g5; — 0.0158 x QO R>=10.79 (1)
where:

V0gs — free flow speed, calculated using the formula (2) expressed in km/h,

Q0 - traffic flow expressed in passenger cars per hour, calculated using the formula (3),

V0gs = 76.32 + LANE + CLAS + SPL + DENS + RSID R?=10.78 (2)
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HV —the share of heavy vehicles [%],
Q - traffic volume in vehicles per hour,
n —number of lanes,

SPL — speed limit [km/h],

LANE,CLAS,DENS,RSID — variables with assigned value for particular road and environment
conditions (table 1).

Table 1. The values of variables related to the road and environment characteristics (eq. 2)

Variable Variable case Value
LANE | Number of lanes 2 0
4 8.27
CLAS | Road class arterial or collective 0
local -2.31
DENS | Land use density none 10.67
low 8.89
moderate 4.7
High or very high 0
RSID | Rodzaj prawej krawedzi | Curb/sidewalk/permanent obstacle 0
jezdni Shoulder on both sides of road 12.94
Vehicles parking along the road -3.62
Conclusions

The models developed for Warsaw may serve for estimating speed or assessing traffic conditions on
urban road sections, considering their design and where they are located. In Warsaw, we have also
used the models to estimate speed as a variable to accident risk models.



