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Abstract:

Road safety is a worldwide issue, while urban roads account for a high share of serious road injuries, especially
involving vulnerable road users, such as pedestrians or cyclists. Specifically, the safety of major roads through built-
up areas (through-roads) is insufficient due to mixed traffic conditions including vulnerable road users, varying driv-
ing behaviour, and many disruptions, which are combined with excessive speed.. In this context, various traffic calming
measures have been implemented to improve road safety, such as gateways or pedestrian refuge islands. However, the
specific safety impacts of traffic calming combined with specific characteristics of through-roads are often unknown,
since most traditional evaluations have been limited by small sample sizes of crash data, as well as wide variations in
physical and road characteristics. To overcome the limitations of crash-based evaluations, we used the GPS-based
data from a sample of 21 Czech and 12 Polish through-roads to develop the Speed-Safety Index, which combines
speed, speed variance, and traffic volume. Our study has three novelty features: (1) To assess safety, we used speed
and speed variance simultaneously. (2) To complete the missing link between specific traffic calming measures and
safety, we validated the statistical relationship between the developed Speed-Safety Index and crash history. (3) To
prove the usefulness of the developed index, we also showed its practical interpretation by proving the effect of spacing
between traffic calming measures on safety. The index proved to be well correlated to crash frequency and it also
proved the effect of spacing between traffic calming measures: the longer spacing, the smaller speed-reducing effect.
The paper concludes with a discussion on the limitations, which we plan to address in further research, by moving
from the current macro-perspective (Speed-Safety Index on the level of through-roads) to the micro-perspective (fo-
cusing on individual directions, locations, and traffic calming measures). We also plan to investigate the method’s
applicability in different contexts. If the approach proves feasible, with reliable and valid results, it may become an
alternative for a proactive network-wide road assessment, as called for by the European Road Infrastructure Safety
Management Directive.
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1. Introduction

Road safety is a worldwide issue; although the most
severe crashes occur on rural roads, urban roads and
streets account for a high share of serious road inju-
ries (OECD/ITF, 2022). Urban roads are particularly
critical for vulnerable road users (VRUS), such as
pedestrians or cyclists, who represent more than
70% of road fatalities in cities (Adminaité-Fodor
and Jost, 2019).

In Central and Eastern Europe, major roads through
built-up areas (through-roads) pose a specific prob-
lem (Gaca and Pogodziniska, 2017; Ambros et al.,
2021a). Although they carry a dominant share of
through traffic (in addition to local traffic) and sig-
nificant traffic volumes, they often have no hierar-
chical structure and lack access control, which can
cause traffic disruptions and as a result, speed
changes. These conditions, together with the men-
tioned presence of VRUS, are then reflected in insuf-
ficient safety performance. In this context, the cur-
rent European directive on road infrastructure safety
management (RISM; EU, 2019) recommends im-
proving the safety of VRUs by considering their
needs in all RISM procedures and developing qual-
ity requirements for VRU infrastructure, as well as
introducing a proactive approach in safety evalua-
tion.

In fact, all these issues are closely related to driving
speed. Speed has been recognized as the most influ-
ential risk factor (OECD/ITF, 2018), contributing to
around 30% of all fatal crashes (Ambros et al., 2020;
EC, 2020; Van den Berghe, 2021; NHTSA, 2023;
Soole etal., 2023). Specifically, on Czech and Polish
roads, speeding has been attributed to approximately
40% of fatal crashes in recent years, making it the
most frequent cause of road deaths (Straka and
Peleskova, 2023; Symon and Rzepka, 2023). In this
context, various physical speed management
measures (traffic calming measures, TCMs) have
been implemented, such as road narrowing, pedes-
trian refuge islands, or speed cameras to provide
more fluent traffic with lower speed and dispersion.
However, the specific safety impacts of traffic calm-
ing combined with specific characteristics of
through-roads (mixed traffic and a number of dis-
ruptions) are often unknown, since most evaluations
have been limited by small sample sizes of crash
data, as well as wide variations in TCM and road
characteristics (more details are listed in Section 2).

To sum up, through-roads are not sufficiently safe
due to inappropriate design and speeds, in combina-
tion with the mixed traffic, the increased presence of
VRUs and through traffic, including heavy vehicles.
Although various TCMs are available, their safety
impacts are often not well known, which compli-
cates the systematic application of TCMs combined
with specific characteristics of through-roads.
Crashes are random events, which are statistically
rare, as well as often underreported; they are also not
very informative about the exact causes of crashes,
and their use raises ethical concerns, since one has
to wait for crashes to occur, and thus for people to
suffer, before the road safety situation can be evalu-
ated (Lord et al., 2021). To overcome the limitations
of traditional crash-based evaluations, we decided to
assess the safety based on the speed data. Specifi-
cally, GPS data were used, which allows obtaining
speed and its variation along the entire analysed
through-roads, without being limited to any station-
ary measurements. As a result, we developed so
called Speed-Safety Index (SSI) for proactive safety
assessment. More background information is pro-
vided in the following section, followed by Data and
methods, Results, Discussion and Conclusions.

2. Background and objectives
The following literature review provides more back-
ground information on the main elements of the pre-
sented study: traffic calming, and speed and speed
variance. The section concludes with a summary and
description of the paper’s novelty.

2.1. Traffic calming

To reduce driving speed and increase safety, traffic
calming has been applied in Western Europe since
the 1960s. Generally, it provided measurable safety
benefits, followed by positive feedback and a world-
wide uptake, including in Australia (1980s), North-
ern America (1990s), and Central/Eastern Europe
(2000s).

Surprisingly, despite the long history of traffic calm-
ing, the safety impacts of TCMs are often uncertain
or unknown (Ambros et al., 2023). Several studies
focused on the impact of TCMs on crashes. For ex-
ample, a Cochrane systematic review (Bunn et al.,
2003) noted that “further rigorous evaluation is
needed” to determine the effectiveness of TCMs. An
Australian study (Sobhani et al., 2016), which at-
tempted to summarize the effects of TCMs, admitted
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limited sample sizes and less reliable results.. An in-
ternational synthesis by Yannis et al. (2015) found
injury crash reductions from traffic calming varying
widely between 8 and 50%.

The possible reason for the uncertain evaluations
and varying findings may be that TCMs are widely
varying in their design, configuration, or surround-
ing conditions, which complicates assessing their
general effectiveness. Additionally, the spacing, i.e.,
the distance between TCMs, plays a role (Moreno
and Garcia, 2013). This is linked to the fact one of
the key goals of traffic calming is to create a consist-
ently lower speed environment along a route or
across a whole urban area, rather than to cause local-
ized speed reduction (Brindle, 2005). To achieve
this, instead of isolated elements, a series of TCMs
with specific spacings are required to moderate
speed.

2.2. Speed and speed variance

Given the clear relationship between speed and

safety (increasing frequency and severity of crashes

(OECD/ITF, 2018), speed is a potential safety indi-

cator. Nevertheless, it was indicated that also speed

variability plays a role (Aarts and van Schagen,

2006; OECD/ITF, 2018). Note that there are two ap-

proaches to defining the speed dispersion — either as

speed variation between individual vehicles, or
speed variance at the road section level — while in
the further text we focus on the latter.

Speed variance is related to road and traffic (and in

turn to driving behaviour) in several perspectives:

— Increased driving difficulty and greater speed
variance were found in locations, where
changes to the visual appearance of the road
were made, without any changes to the road ge-
ometry (Charlton and Starkey, 2013). Driving
workload and road complexity were found to
increase speed variance (Edquist et al., 2012);
the work zone is an illustrative example of such
an environment (Steinbakk et al., 2019).

—  Speed variance may indicate less predictable
road design, which leads to poor driver expec-
tancy and lack of consistency in driver behav-
iour (Farah et al., 2017).

—  Dense traffic often leads to frequent and sudden
changes in speed, related to lane-changing and
overtaking (Dell’Acqua, 2011; ) and thus to in-
creased speed variance.

—  Speed variance may also reflect how drivers
perceive the road and speed limits; in other
words, the extent to which the road is self-ex-
plaining. When comparing speed perception in
various road sections, Ambros et al. (2021b)
found that on rural roads the participants chose
similar driving speeds, probably due to their
relative uniformity; in contrast to urban and
transition sections with more mixed character-
istics, where speed variability was larger.

Interestingly, findings on the relationship between
speed variance and crash risk have been very di-
verse. While Aarts and van Schagen (2006) claimed
that larger speed variance is related to a higher crash
rate, Pei et al. (2012) found speed variation not sig-
nificantly associated with crashes. The differences
may be due to data aggregations:

—  For example, Gitelman et al. (2017) found the
speed variance related negatively to daytime
crashes and positively to nighttime crashes.

—  When developing prediction models, Figueroa-
Medina and Tarko (2005) identified several
speed dispersion factors related to road geome-
try and cross-section; however, they were dif-
ferent between tangents and curves.

—  Shinar (2017) found speed deviations posi-
tively related to crashes on rural roads, but not
on urban roads.

All the mentioned aggregations may bias the find-

ings and thus mask the true associations between

speed variance and crash risk.

As described, speed variance reflects several dimen-

sions (e.g., workload, complexity, predictability)

which may be linked to through-roads and TCMs.

However, most of the mentioned studies were con-

ducted in rural settings. This is probably why several

traffic calming manuals/reviews (Brindle, 2005; Ju-

rewicz, 2009; Hillier et al., 2016) reported the im-

pacts on speed, but not on speed variance. In addi-

tion, some studies, which investigated the impacts of

TCMs on speed variance (Mountain et al., 2005;

Daniel etal., 2011; Agerholm et al., 2017) found rel-

atively small effects which did not allow clear con-

clusions.

In summary, while speed variance theoretically pro-

vides interesting information, in practice the find-

ings are very diverse and its relationship to crashes
is mixed. Even the relationship to speed is not fully
clear: while some found a positive tendency (higher
speed associated with a larger variance; Figueroa-
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Medina and Tarko, 2005), others found the opposite
(higher speed associated with a lower variance;
Aarts and van Schagen, 2006). As summarized by
Dell’Acqua (2011), “certain engineering measures
might reduce mean traffic speeds but at the same
time increase the speed variability to an extent at
which the accident frequency may stay the same or
even rise.”

To obtain speed-related data, GPS has been used
since the 2010s. Nevertheless, we are aware of just
one study, which attempted to relate GPS-based
speed indicators to crashes: Moreno and Garcia
(2013) developed two indices as surrogate measures
of safety based on GPS data and used them for com-
parison of scenarios with different spacing between
TCMs. However, they could not investigate the re-
lationship between the indexes and crashes due to
low crash frequencies.

2.3. Summary and novelty

Based on the literature review, we decided to con-

tribute to the state-of-the-art as follows:

1. To assess safety, we used speed and speed var-
iance simultaneously.

2. To complete the missing link between specific
TCMs and safety, we validated the statistical
relationship between the developed Speed-
Safety Index and crash history.

3. To prove the usefulness of the developed index,
we also showed its practical interpretation by
proving the effect of spacing between traffic
calming measures on safety.

3. Data and methods

Through-roads are not sufficiently safe due to inap-
propriate design and speeds, in combination with the
increased presence of VRUs, through-traffic includ-
ing heavy vehicles and possible disruptions. There-
fore road safety assessment of through-roads is dif-
ficult. At the same time, road traffic safety may be
improved by traffic calming. Although various traf-

fic calming measures are available, their safety im-
pacts are often not well known, which complicates
the systematic application of measures. However,
this limitation may stem from the fact that previous
studies usually used traditional crash-based evalua-
tions. In fact, to evaluate the effects of the road- and
speed-related treatments, it would be more straight-
forward to use the road or speed data; in other words:
focusing on inputs and outputs (the behaviour and its
determinants) instead of the final outcome (safety in
terms of crashes). Fig. 1 visualizes the hypothesized
relationship between road and roadside — or
road(side) — characteristics, behaviour and safety,
together with their example operationalizations.
This motivated us to develop the safety assessment
of urban through-roads based on quantitative analy-
sis using GPS-based behavioural data (speed and
speed variance) to develop the Speed-Safety Index
(SSl).

3.1. GPS data

The approach to collecting GPS data was different
for the Czech and Polish samples.

In Czechia, GPS was retrieved from the already ex-
isting database from a fleet of commercial probe ve-
hicles, collected at a 0.25-second rate (4 Hz fre-
quency) for 8 months (Oct 2014 — May 2015); for
more details see Ambros et al. (2017). The selection
focused on through-roads including physical ele-
ments (mainly gateways and pedestrian refuge is-
lands) and excluding any other potentially disrupting
elements (e.g., signalized intersections, rounda-
bouts, railway level crossings) and with frequent
drives presented in the database. The area of interest
was 200 m before and after the urban area limits
(traffic signs). In total 21 through-roads were se-
lected, with lengths between 0.3 and 2.8 km, involv-
ing 15 to 309 drives in each direction. Traffic vol-
ume based on the 2016 national traffic census was
between approx. 3,000 and 15,000 veh/day. The
speed limit was 50 km/h.

Input Output Outcome
ROAD(SIDE) > BEHAVIOUR | SAFETY
Road design Speed Crashes

Traffic calming
Roadside

Speed variance

Fig. 1. The hypothesized relationship and example operationalizations
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In Poland, the floating car technique was used: fol-
lowing randomly selected leading vehicles travel-
ling at the free-flow speed at a constant gap with an
instrumented vehicle, collecting data at a 0.1-second
rate (10 Hz frequency) together with a video record,;
for more details see Gaca and Kie¢ (2016). Data col-
lection was conducted in 2015-2016 during the day
and in good weather conditions. Each drive started
and finished outside a built-up area. In total 12
through-roads with physical elements such as gate-
ways and pedestrian refuge islands, with lengths
from 0.7 km to 7.2 km, were driven this way in both
directions (10 to 25 drives in each direction). The
selected sites were relatively homogeneous in terms
of cross-section, road surroundings, lack of access
control, and only a small share of local traffic. Traf-
fic volume based on the 2015 national traffic census
(annual average daily traffic, AADT) varied be-
tween 5,000 and 18,500 veh/day. The speed limit
was 50 km/h.

Czech examples:

~ -

Jaroslav (road 1/35)

Polish examples:

Bibice (road DK7)
Fig. 2. Example photographs of through-roads from Czech and Polish samples

Example photographs from the selected roads in
both Czech and Polish samples are in Fig. 2. Basic
data (AADT and length) is provided in the summary
table in the Appendix.

For illustration, Fig. 3 presents an example of a
speed-distance graph (also known as speed profile)
for both driving directions, together with their con-
fidence intervals. The dashed lines indicate the loca-
tion of potential speed influencers (village limits and
traffic calming measures).

Note that in the following analyses we used speed
and speed variance from the entire through-roads
and both driving directions. The summary table in
the Appendix provides speed and speed variance for
each through-road.

3.2. Crash data

The frequency of Police reported crashes was as-
signed to each through-road. Note that they were not
split into driving directions because default crash
data does not include such detailed information.

Niedrzwica Duza (road DK19)



118

Ambros, J., Elgner, J., Valentova, V., Bgk, R., Kie¢, M.,
Archives of Transport, 69(1), 113-125, 2024

—_—
Direction 1

Speed [km/h]

-~

Direction 2

1
0 400

800 1200
Distance [m]

Fig. 3. Example of obtained speed-distance graph, i.e., average speeds and their confidence intervals from

Byst (road 1/35).

In the Czech sample, 10 years (2010-2019) of both
property-damage-only (PDO) and injury crash data
was retrieved from the Traffic Police database. In
Poland, where PDO crashes are not routinely regis-
tered, only injury crash data could be used (11-year
period 2006-2016). In the following text, “all
crashes” (sum of PDO and injury crashes) are re-
ported for the Czech sample, while “injury crashes”
are reported for the Polish sample.

The summary table in the Appendix provides the an-
nual average number of injury crashes.

3.3. Speed-Safety Index

The starting point of developing a speed-related
safety index was the relationship between three di-
mensions of road safety, as described by OECD
(1997): the first is the magnitude of the activity that
results in accidents (exposure), the second dimen-
sion is the accident risk situation, and the third di-
mension is the accident consequence (severity of ac-
cident). These three dimensions cover the three main
effects on safety: change in any one of these dimen-
sions changes the entire safety level.

Safety = Exposure x Risk x Consequence 1)

We proposed a Speed-Safety Index (SSI) for a cho-
sen road segment, with three elements: speed, stand-
ard deviation of speed, traffic volume. These ele-
ments are related to formula (1) as follows:

— Risk is represented by g; — standard deviation
of speed at the i-th segment (larger variability
of speed should be associated with higher risk).

—  Consequence is represented by S; —the speed at
the i-th segment (higher speed should be asso-
ciated with higher severity of accidents).

—  Exposure is represented by the traffic volume
at the i-th segment (AADT).

For a segment of length L, the SSI is defined as fol-

lows:

L
SSI=[U-S-AADT-dL 2
0

In practice, SSI may be calculated as the sum of the
products of speed and standard deviation with the
length interval, depending on the frequency and ac-
curacy of GPS data (frequency of collecting GPS
speed data), multiplied by AADT, which is constant
along the segment:

SSI = AADT - (z o S) @)

i=1

where n is the number of segments. Formula 3 was
used in the following analysis.

The formula for calculating the SSI is a function that
relates the variables of traffic volume (AADT), road
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section length (number of constant length seg-
ments), and other factors affecting road safety, char-
acterized by driver behaviour (speed and speed dis-
persion).

SSI = f (AADT, length, road characteristics) 4)

This approach is commonly used in road safety anal-
yses, e.g., the Highway Safety Manual (AASHTO,
2010), where the safety performance function also
considers the impact of AADT, section length, and
road infrastructure characteristics (road design, traf-
fic calming measures, roadside, driveways, etc.) on
the number of crashes. In the case of road safety as-
sessment by SSI, the impact of road infrastructure
characteristics is characterized by the behaviour of
drivers (speed and its dispersion).

Table 1 presents descriptive statistics of all variables
in the through-road sample used in the analyses of
the Speed-Safety Index.

4. Results
The speed and speed variance data were used to cal-
culate SSI according to formula 3, assuming

a constant segment length of 10 m. For better dis-
play, a fraction of SSI divided by 108 is further used.
Final data for each through-road is provided in the
summary table in the Appendix. The relationship be-
tween SSI and annual average crash frequency was
assessed by Pearson correlation. Similarly, as in
Section 4.2, the frequency of “all crashes” was avail-
able for the Czech sample; the Polish sample con-
sisted only of injury crashes. The results are listed in
Table 2. All correlation coefficients were statisti-
cally significant with > 95% confidence (< 0.05 sig-
nificance level) and exceeded 0.8, which indicates a
high correlation (Hinkle et al., 2003). The correla-
tion is positive, which means that increasing SSI is
associated with more crashes.

For interpretation, we wanted to use some aggre-
gated indicator of traffic calming performance — we
used the average spacing between the TCMs, such
as gateways and pedestrian refuge islands. We cal-
culated the Pearson correlation of spacing to the SSI,
as well as crash frequency. As previously noted, the
Czech data allowed using injury crashes and all
crashes, while the Polish sample included injury
crashes only. The results are provided in Table 3.

Table 1. Descriptive statistics of data used in the analysis

AADT  Length Average

Coefficient of

Injury Injury crash rate /

[veh/day] [km] speed [km/h] variation crashes / year 10° veh-km Ss1/10°
Czech sample
Minimum 731 0.3 44.91 0.09 0.0 0.00 48.0
Maximum 15,367 2.8 58.85 0.21 19 254 2,777.1
Average 8,197 11 52.24 0.13 0.7 0.34 509.6
Polish sample
Minimum 763 0.7 44.31 0.11 0.0 0.00 556.5
Maximum 16,505 7.2 65.15 0.25 10.0 043 7,922.3
Average 9,290 3.0 54.35 0.17 2.6 0.18 2,654.5
Table 2. Correlations between SSI and crashes
Pearson coefficient of correlation between SSI and... Czech sample Polish sample
... injury crashes 0.82 0.83
... all crashes 0.92 -
Table 3. Correlations between spacing, SSI and crashes
Pearson coefficient of correlation between spacing and... Czech sample Polish sample
.. SSI 0.80 0.56
... injury crashes 0.66 0.62

... all crashes

0.75 -




120

Ambros, J., Elgner, J., Valentova, V., Bgk, R., Kie¢, M.,
Archives of Transport, 69(1), 113-125, 2024

The correlation coefficients in the Czech sample
were around or above 0.7, which indicates a high
correlation; in the Polish sample, they were around
0.6, which indicates a moderate correlation (Hinkle
et al., 2003). All correlation coefficients were statis-
tically significant with > 90% confidence (< 0.10
significance level). The correlation is positive,
which confirms that increasing spacing (i.e., a longer
distance between TCMs) is associated with a smaller
traffic calming effect and thus lower safety (higher
SSI and more crashes).

5. Discussion

The developed SSI seems to be a very promising in-

dicator that may be used to assess road safety on var-

ious homogeneous sections of road infrastructure

(rural roads, through-roads, etc.) based on GPS data.

This is a proactive approach, which enables the iden-

tification of hazardous sections in the road network

without analyzing the crash databases.

Nevertheless, the SSI also has some limitations:

—  SSI includes section length, which means that
longer sections may result in a higher number
of crashes. To reduce this impact, the SSI can
be divided by the overall section length to ob-
tain the SSI per km value.

—  The value of SSI depends on the interval length
of the segment (10m in current analyses) from
which the data is summed up. If the section is
smaller, higher SSI is obtained, but at the same
time, speed variability is analyzed more pre-
cisely. Therefore, it is necessary to use the same
interval length for all analyzed sections.

—  Ifwe compare sections with similar AADT val-
ues and exclude the impact of length (by using
the SSI per km value, mainly speed and its var-
iability will have an impact on SSI.

—  With comparable AADT and average speeds on
road sections, the main factor influencing the
SSI value is the speed variability, which may
be caused by disruptions in traffic caused by
mixed local and through traffic, different types
of vehicles, presence of VRUs, road infrastruc-
ture (traffic calming measures, driveways, bus
stops, etc.).

To illustrate the above-mentioned observations, a

comparison of two Czech road sections with similar

AADT and section lengths, but different speed pro-

files and the resulting SSI, is presented in Fig. 4.

The presented examples indicate that not only
AADT and segment length (which are comparable
in both cases) influence the final outcomes. The SSI
in the second case (Hnévkov) are approximately 1.4
times higher, which may be due to higher speed and
greater speed variation, possibly also due to lack of
TCMs. This difference is also confirmed by the in-
creased number of injury crashes.

6. Conclusions
The safety of urban roads is insufficient, due to var-
ying driving behaviour resulting from the influence
of the road environment (mixed traffic, urban and
rural characteristics, different densities of buildings,
driveways, etc.). For the safety assessment of
through-roads, proactive (non-crash-based) ap-
proaches are needed. At the same time, speed and
speeding are known to have major safety impacts.
Using the GPS data from a sample of 21 Czech and
12 Polish through-roads, we developed the Speed-
Safety Index (SSI), which combines speed, speed
variance, and traffic volume. SSI values proved to
be well correlated to crash frequency. In addition,
they proved the effect of spacing between traffic
calming measures: the longer spacing, the smaller
speed-reducing effect.

The primary use of SSI should be road network

screening to identify sections based on GPS data that

have the highest risk, therefore SSI can be used to
rank dangerous sections in the road network.

Nevertheless, we are aware of some limitations of

the applied approach:

— Although GPS data presents a valuable emerg-
ing big data source, it also has limitations, for
example varying sampling rate, uncertain esti-
mation of free-flow speed, or unknown gener-
alizability to driving population (for a review,
see Ambros et al., 2021c).

— In this study, two approaches to GPS data col-
lection were used (probe vehicle fleet data in
Czechia and floating car with video recording
in Poland). While the presented results of both
approaches indicate the possibility of obtaining
promising results, each approach has its own
(dis)advantages: the former provides big data in
terms of covered time and space; the latter is
demanding in terms of collection, which limits
its coverage but can reveal details unseen in
probe data, such as congestions or crossing pe-
destrians. Nevertheless, consistency between
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the findings of both approaches should be veri-
fied.

—  When calculating SSI, driving directions were
not considered independently. This aggregation
may lead to overlooking potential differences
between directions. The same holds for direc-
tional traffic volumes, aggregated in AADT.
Also, crash data were aggregated, which may
mask the differences between crash partici-
pants, configurations, or severity levels.

We plan to address these points in further research,

by moving from the current macro-perspective (SSI

on the level of through-roads) to the micro-perspec-
tive (focusing on individual directions, locations,
and TCMs). This will require testing the impact of
analysed segment length on results, as well as esti-
mating influence zones of TCMs, the effect

100

80

£
g 80
40 i
0 ' 250 ' 500 : 750 : 1000
Distance [m]
Kamen (AADT = 6465 veh/day, L = 0.6 km)
SSI=67.7-10°

0.0 injury crashes / year

of segment characteristics (e.g., curvature), etc. Sen-
sitivity tests should also include the impact of differ-
ent GPS recording frequencies.

In the next steps, we plan to investigate the method’s
applicability in different contexts, such as transition
zones (between rural and suburban roads), and rural
or high-speed roads. The SSI may perform differ-
ently in different conditions, including the impact of
traffic congestion or different traffic calming
measures. If the approach proves feasible, with reli-
able and valid results, it may become an alternative
for a proactive network-wide road assessment, as
called for by the European RISM directive (EU,
2019). This would benefit from ubiquitous big data
coverage, including future data from autonomous
vehicles, which will gradually increase coverage and
reduce costs.

90

30

i
| i
| |
| I
1 1
| |
i |
| |
| |
i L

0 250 beta fioul 750
Hnévkov (AADT = 6341 veh/day, L = 0.5 km)
SSI=95.6-10°

0.4 injury crashes / year

Fig. 4. lllustrative comparison of two Czech through-road sections
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Appendix: Summary table of analysed data

Average Coeffi- Icnrj:srhy
Through-road [\/Ae\ﬁ/g;\ry] L[eknr?]ﬁh speed C\'g;}g Injury crashes / year | rate/ | SSI/10°
[km/h] tion 108 veh-
km
Jaroslav 14,193 0.4 54.58 0.14 0.7 0.31 121.0
Vysoka u Holic 13,567 0.3 53.06 0.17 0.7 0.54 48.0
Ostietin 13,567 22 5359 | 0.11 19 0.17 2,1484
Chvojenec 13,118 12 5196 | 0.3 1.6 0.28 676.9
Byst 13,362 0.6 53.22 0.12 0.5 0.16 226.1
Mala Skala 4,975 13 50.88 | 0.11 0.6 0.25 285.7
Vojniiv Méstec 5,806 12 5229 | 0.14 0.5 0.20 364.6
Hladov 4,649 15 58.85 0.12 0.4 0.16 491.6
° Kamen 6,465 0.6 4491 | 0.15 0.0 0.00 67.7
g— Obratan 5,652 12 54.52 0.13 0.3 0.12 347.0
g Stary Pelhfimov 8,467 0.5 51.72 0.12 0.1 0.06 84.0
E Krahul¢i 2,735 11 49.93 0.13 0.4 0.36 112.8
Nova Ves 10,951 11 51.77 0.13 14 0.31 572.8
Vladislav 6,124 19 4942 | 0.14 12 0.28 802.8
Lubenec 7,310 2.8 57.63 0.14 19 2.54 2,777.1
Prachen 6,916 12 51.69 0.14 0.8 0.27 381.2
Holohlavy 15,367 0.5 50.51 0.12 0.4 0.14 133.8
Voleg 4,692 12 5430 | 0.12 0.3 0.15 265.1
Tlumacov 5,252 17 50.14 | 0.09 0.7 0.21 368.1
Hnévkov 6,341 0.5 50.57 | 0.21 04 0.34 95.6
Novy Drazejov 9,208 1.0 51.56 0.12 0.7 0.21 3311
Belzec 7,630 3.6 50.87 | 0.11 0.8 0.08 1,155.4
Deblin 8,755 3.7 50.61 0.15 3.3 0.27 1,176.4
Niedrzwica Duza 13,960 18 5354 | 0.20 0.8 0.08 1,425.0
Strzeszkowice 13,828 1.0 65.15 0.14 0.4 0.08 781.6
% Wilkotaz 14,107 0.7 59.45 0.15 0.2 0.05 556.5
§ Wolka 16,505 14 58.60 | 0.13 0.0 0.00 1,025.6
é Opoczno 15,513 7.2 48.69 0.15 10.0 0.24 7,922.3
& |Zabierzow 15,552 4.7 4431 0.24 53 0.20 6,319.3
Ropczyce 18,470 23 44.90 0.25 6.7 0.43 4,103.0
Biecz 9,388 4.7 5349 | 0.18 0.6 0.04 4,587.5
Olkusz 8,858 20 57.86 0.14 15 0.23 1,650.4
Mielec 4,963 24 55.75 0.15 1.8 041 1,151.1
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