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Abstract

During preparation of new roads or reconstructions, several impact assessments
take place; environmental impact assessment (EIA) is probably the most known
one, while road safety impact assessment (RSIA) is a relatively novel procedure.
European Directive 2008/96/EC on road infrastructure safety management de-
fines RSIA as “a strategic comparative analysis of the impact of a new road or a
substantial modification to the existing network on the safety performance of the
road network”, which should be carried out for all roads of the trans-European
network (TEN-T) at the initial design stage. The process involves definition and
comparison of project variants (“‘do nothing” and alternative scenarios), whose
road safety performance needs to be assessed, including impacts on adjacent
road network. In this regards various approaches have been implemented and
applied in EU countries, mostly relying on rates, derived from accidents and in-
Jjuries, which were previously recorded on comparable road network categories.
In contrast, state-of-the-art recommends using accident prediction models (safety
performance functions) and accident modification factors, which quantify ex-
pected impact of contemplated road safety measures on accident frequencies. The
paper describes current experience and findings from an on-going research pro-
ject aimed at developing RSIA guidelines in the Czech Republic, using the state-
of-the-art approach.
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1. Introduction

In 2008, Directive of the European Parliament and of the Council on road infra-
structure safety management (“the Directive” in the further text) was brought into
force. The main purpose of Directive 2008/96/EC is to establish management
procedures to ensure that the road network is safe. It introduces four procedures:
road safety impact assessments and road safety audits have to be carried out for
new road constructions; for existing roads, road network safety ranking to find
the critical sections and road safety inspections have to be periodically conducted.
The present paper focuses on road safety impact assessment (RSIA). Its main idea
is that road safety should play an important role in the decision making during
the designing/planning stage (Wegman et al., 1994; ETSC, 1997; Laurinavicius
etal.,2012). RSIA is defined by the Directive as “a strategic comparative analysis
of the impact of a new road or a substantial modification to the existing network
on the safety performance of the road network”, conducted alongside with other
impact assessments, such as environmental impact assessment (EIA).

By 2011, member states had a deadline for adopting the Directive procedures.
The materials, into which the Directive procedures were implemented, are avail-
able on-line (http://ec.europa.eu/transport/road_safety/topics/infrastructure/na-
tional-guidelines_en). Nevertheless, most of them are legislative documents,
which offer mere Directive translations, rather than detailed guidelines for prac-
tical use (TML, 2014).

In the Czech Republic, some of the procedures were in use already before the
Directive introduction. CDV — Transport Research Centre (“CDV” in in the fur-
ther text) worked on road safety audit implementation since 1990s and published
its guidelines in 2006; road safety inspection manual followed in 2008 (Pokorny
and Hruby, 2010). Identification of hazardous locations on Czech roads has also
had a long tradition, including CDV’s 2001 guidelines. All mentioned CDV
guidelines, related to infrastructure safety management, are available on-line
(http://www.audit-bezpecnosti.cz/metodiky-a-kontrolni-listy/).

However, RSIA is a new tool in Czech conditions. The situation is similar
also in other countries, as evidenced by EU synthesis on use of Directive proce-
dures (TML, 2014) which concluded that RSIA still remains the least used by
member states. TML report also warned about diverse Directive interpretations,
which creates a lack of harmonisation and the process the process is often con-
sidered more formal than substantial. This motivated CDV to undertake a two-
year research project aiming to develop support tools, including RSIA guidelines,
which will be sufficiently detailed, yet efficient and feasible for practical use.

92



The presented paper describes current experience from the first year of the pro-
ject, involving survey of both state-of-the-practice and state-of-the-art and final
findings, which will direct the guidelines development.

2. State-of-the-practice vs state-of-the-art

RSIA process involves definition and comparison of project variants (“do noth-
ing” and alternative scenarios), whose road safety performance needs to be as-
sessed, including impacts on adjacent road network. Therefore, the underlying
principle is quantification of safety. For this purpose, rates derived from accidents
and injuries have been traditionally used, based on Police accident records and
tabulated for several road network categories. However, in recent years, general
use of accident rates is declining, since they were found to incorrectly assume a
linear relationship between accident frequency and the degree of exposure
(Hauer, 1995; Elvik et al., 2009; PIARC, 2015). In addition, relying only on Po-
lice-reported accidents is not recommended, as it does not account for the con-
founding effect of regression to the mean, i.e. random fluctuations around long-
term mean value (Hauer, 1997). For these reasons, an empirical Bayes (“EB”)
approach, combining observed accident frequency with expected accident fre-
quency according to accident prediction model (or safety performance function,
SPF), has been recommended (Cheng and Washington, 2008; Montella, 2010;
Lim and Kweon, 2013).

Another element of state-of-the-art approach to safety estimation involves ac-
cident modification factors (AMFs), also known as crash modification factors
(CMFs) or crash reduction factors (CRFs). These are multiplicative factors, used
for calculating the expected number of accidents after implementing safety meas-
ure at a specific site, through multiplication with expected accident frequency
without treatment (Gross et al., 2010). An AMF value higher than 1.0 indicates
an expected increase in accidents, while a value lower than 1.0 indicates an ex-
pected reduction in accidents after the treatment. Various methodologies may be
used in order to obtain AMF values, while before-after methodology with empir-
ical Bayes adjustment (previously mentioned “EB approach”), has been deemed
the most suitable (Hauer, 1997; Shen and Gan, 2003; Persaud and Lyon, 2007).
In addition, AMFs were recently put into the centre of evidence-based decision-
making (Wegman et al., 2015), as a foundation of efficiency assessments to be
applied in all cases, where “lack of reliable knowledge of the effects of counter-
measures is a key barrier to the advancement of many critical, life-saving initia-
tives” (OECD, 2012).
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To sum up, EB approach requires accident, traffic and infrastructure data to
develop accident prediction model (APMs); subsequently it may be used to pro-
duce accident modification factors (AMFs). These elements constitute the foun-
dations of evidence-based road safety management (Hauer, 2007; Dupont et al.,
2012; Yannis et al., 2016). However, most of existing APMs and AMFs were
developed in North America, Australia or North-Western Europe (Yannis et al.,
2012), and it is known that these results may not be easily transferable (OECD,
2012; Hasson et al., 2012; La Torre et al., 2016). This means that should state-of-
the-art approach be applied, a number of member states, including the Czech Re-
public, will have to develop their own tools.

In order to learn from real applications in European countries, a survey of
practices and guidelines was undertaken, combining literature review and e-mail
interviews with selected experts. It was found that most countries (including for-
mer East Bloc, but also German-speaking countries or the Netherlands) use sim-
ple approaches, relying on accident rates. Three examples from the countries,
using state-of-the-art elements (accident prediction models and/or accident mod-
ification factors) are presented in the following paragraphs.

3. Selected state-of-the-art examples
3.1. Finland

According to OECD (2012), since 1995, practically all traffic safety effects of
road improvements have been evaluated using an evaluation tool. This tool called
TARVA uses EB safety predictions for selecting locations for safety improve-
ments and provides estimates of their safety benefits (Peltola et al., 2013). The
estimation of safety effects is a four-phase process:

1. For each entity (road section, intersection, ...), EB estimate is obtained
through combination of accident record and predicted frequency. The
models are of simple form A=a-mileage, with a coefficients tabulated for
conditions of road types, intersection types, proportion of entering traffic
from minor road, etc.

2. To predict the number of accidents without road improvements, the EB
estimate is corrected by the traffic growth coefficient. Also the effects of
fundamental changes in land use may be taken into account.

3. The effects of the measures on injury accidents are estimated using
“impact coefficients” (i.e. AMFs). User may use 92 pre-defined
measures, based on Elvik et al. (2009).

4. “Severity change coefficients” are applied to control for severity of
accidents still occurring on the road after treatment. Using the evaluated
injury accident reduction percentage and available knowledge on the
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average severity (fatalities per 100 injury accidents) and its change,
TARVA produces an estimate of yearly-avoided fatalities.

3.2. Sweden

In Sweden, all road projects are evaluated using so called “EVA” tool (Trafikver-
ket, 2016). Accident prediction models are of following forms:

Agar = a- (L +1,)" - (Is/ (L, + 1)) (1)
Acyc =a- (Icar)b : (Icyc)c (2)

Apeq = a- Ucar)? - (Iped)c 3)
where Acqr, Acyc, Apea are frequencies of car-car, car-cyclist and car-pedes-
trian accidents, respectively; analogically I¢qr, Icyc, Ipeqare respective volumes;
I, and I; are car volumes on primary and secondary intersection arms; and a, b,
¢ are coefficients given for section and intersection characteristics, such as vol-
umes, speed, geometry, etc. Accident modification factors are also reported, be-

ing a mixture of qualitative and quantitative information, often based on Elvik et
al. (2009).

3.3. United Kingdom

In UK, COBALT (Cost and Benefit to Accidents — Light Touch) computer pro-
gramme is used to undertake the analysis of the impact on accidents as part of
economic appraisal for a road scheme (DfT, 2015). Accident prediction model
form is
A=a-fP @)

where A is accident frequency, f is flow (traffic volume), a and b are param-
eters given for each of 15 types of road sections and 96 types of intersections,
based on speed limit, number of intersection legs, road types and other character-
1stics.

4. Lessons learned for Czech application

The survey and interviews shown that most European countries do not apply

state-of-the-art approach to RSIA, which should be based on accident prediction

models and accident modification factors. Nevertheless, based on information
from three countries that do, two main lessons may be learned:

1. Applied accident prediction models are relatively simple. They are de-

veloped for specific road types and intersection types and involve only

traffic volume. This practice is consistent with recent Czech applications,
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where simple models were also found to provide sufficient quality of
safety estimates (Ambros and Sedonik, 2016; Ambros et al., 2016b).

2. Accident modification factor sets are usually combined from local esti-
mates and international sources, mainly the Norwegian Handbook of
Road Safety Measures (Elvik et al., 2009). While this practice may be
sufficient for relatively similar conditions of Sweden and Finland, suita-
bility in the Czech Republic is uncertain. In a recent study, where AMF
for Czech roundabout conversions was developed (Ambros et al., 2016a),
results were found consistent with international findings. However, more
studies will be needed in order to reach consensus about transferability
possibilities.

5. Conclusions

In order to foster application of RSIA in the Czech Republic, the described project
aims to develop RSIA support tools, including practical guidelines. With this
idea, a survey of both state-of-the-practice and state-of-the-art was undertaken,
in order to learn from experience of other European countries.

It was found that the main elements of state-of-the-art approach are accident
prediction models and accident modification factors, which enable quantitative
assessment of planned or existing infrastructure. From practices in the countries,
which currently use these tools, it emerged that:

1. simple accident prediction models (i.e. exposure-based models) are suf-

ficient, and

2. accident modification factors may be derived from local data or trans-

ferred from the countries with similar conditions.
These findings will direct further steps of developing Czech RSIA guidelines. Sim-
ple accident prediction models will be created for core road network (i.e. motor-
ways and national roads) and accident modification factors will be developed for
selected key countermeasures. Based on their results, in comparison with estab-
lished international values, a conclusion will be made about possible transferability.

96



Acknowledgement

The study is a part of Technology Agency of the Czech Republic project
TD03000171 “Development of supporting tools to road safety impact assess-
ment” (DOPAD) and was created using the research infrastructure of Transport
R&D Centre (CZ.1.05/2.1.00/03.0064).

References

Ambros, J., Sedonik, J. (2016) “A feasibility study for developing a transferable
accident prediction model for Czech regions.” Transportation Research Procedia.
14. pp. 2054-2063. 2016. DOI: 10.1016/j.trpro.2016.05.103

Ambros, J., Turek, R., Janoska, Z. (2016a) “Safety evaluation of Czech roundabouts.”
Advances in Transportation Studies. 40. pp. 111-122. 2016.

Ambros, J., Valentova, V., Sedonik, J. (2016b) “Developing Updatable Crash Prediction
Model for Network Screening: Case Study of Czech Two-Lane Rural Road
Segments.” Transportation Research Record. 2583. pp. 1-7. 2016. DOI:
10.3141/2583-01

Cheng, W., Washington, S. (2008) “New Ceriteria for Evaluating Methods of Identifying
Hot Spots.” Transportation Research Record. 2083. pp. 76-85. 2008. DOI:
10.3141/2083-09

DT (2015) “COBALT User Guide, Version 2013.02.” Department for Transport (DfT),
London. URL:
https://www.gov.uk/government/uploads/system/uploads/attachment _data/file/488
064/cobalt-user-manual.pdf

Dupont, E., Muhlrad, N., Buttler, 1., Gitelman, V., Giustiniani, G., Jéhi, H., Machata,
K., Martensen, H., Papadimitriou, E., Persia, L., Talbot, R., Vallet, G., Wijnen, W.,
Yannis, G. (2012) “Needs for evidence-based road safety decision making in Eu-
rope.” Procedia — Social and Behavioral Sciences. 48. pp. 2513-2522. 2012. DOI:
10.1016/j.sbspro.2012.06.1222

Elvik, R., Haye, A., Vaa, T., Serensen, M. (2009) “The Handbook of Road Safety
Measures, Second Edition.” Emerald, Bingley. 2009.

ETSC (1997) “Road safety audit and safety impact assessment.” European Transport
Safety Council (ETSC), Brussels. 1997. URL: http://etsc.eu/wp-
content/uploads/roadaudit.pdf

Gross, F., Persaud, B., Lyon, C. (2010) “A Guide to Developing Quality Crash
Modification Factors.” Report FHWA-SA-10-032. FHWA, Washington, DC. 2010.
URL: http://www.cmfclearinghouse.org/collateral/lCMF _Guide.pdf

Hasson, P., Kauppila, J., Assing, K., Yannis, G., Lassarre, S. (2012) “Challenges and
opportunities for the assessment of the effectiveness of road safety measures.”
Procedia — Social and Behavioral Sciences. 48. pp. 3230-3238. 2012. DOI:
10.1016/j.sbspro.2012.06.1289

97



Hauer, E. (1995) “On exposure and accident rate.” Traffic Engineering & Control.
36(3). pp. 134-138. 1995.

Hauer, E. (1997) “Observational Before-After Studies in Road Safety: Estimating the
Effect of Highway and Traffic Engineering Measures on Road Safety.” Pergamon,
Oxford. 1997.

Hauer, E. (2007) “A case for evidence-based road-safety delivery.” In: Improving
Traffic Safety Culture in the United States: The Journey Forward. pp. 329-343.
AAA Foundation for Traffic Safety, Washington, DC. 2007. URL.:
https://www.aaafoundation.org/sites/default/files/SafetyCultureReport.pdf

La Torre, F., Domenichini, L., Meocci, M., Graham, D., Karathodorou, N., Richter, T.,
Ruhl, S., Yannis, G., Dragomanovits, A., Laiou, A. (2016) “Development of a
transnational accident prediction model.” Transportation Research Procedia. 14.
pp. 1772-1781. 2016. DOI: 10.1016/j.trpro.2016.05.143

Skrodenis, E., Antov, D., Smirnovs, J., Bobrovaité-Jurkone, B. (2012) “Policy
instruments for managing EU road safety targets: Road Safety Impact
Assessment.” The Baltic Journal of Road and Bridge Engineering. 7(1). pp. 60-67.
2012. DOI: 10.3846/bjrbe.2012.09

Lim, [.-K., Kweon, Y .-J. (2013) “Identifying High-Crash-Risk Intersections:
Comparison of Traditional Methods with the Empirical Bayes — Safety Perfor-
mance Function Method.” Transportation Research Record. 2364. pp. 44-50. 2013.
DOI: 10.3141/2364-06

Montella, A. (2010) “A comparative analysis of hotspot identification methods.”
Accident Analysis and Prevention. 42(2). pp. 571-581. 2010. DOLI:
10.1016/j.aap.2009.09.025

OECD (2012) “Sharing Road Safety: Developing an International Framework for Crash
Modification Functions.” OECD, Paris. 2012. URL:
http://www.oecd.org/publications/sharing-road-safety-9789282103760-en.htm

Peltola, H., Rajaméki, R., Luoma, J. (2013) “A tool for safety evaluations of road
improvements.” Accident Analysis and Prevention. 60. pp. 277-288. 2013. DOI:
10.1016/j.aap.2013.04.008

Persaud, B., Lyon, C. (2007) “Empirical Bayes before-after safety studies: Lessons
learned from two decades of experience and future directions.” Accident Analysis
and Prevention. 39(3). pp. 546-555. 2007. DOI: 10.1016/j.aap.2006.09.009

PIARC (2015) “Road Safety Manual: A manual for practitioners and decision makers
on implementing Safe System infrastructure.” World Road Association (PIARC),
Paris. 2015. URL: http://roadsafety.piarc.org/

Pokorny, P., Hruby, Z. (2010) “Implementation of road safety audit and inspection in
the Czech Republic.” Advances in Transportation Studies. 22(4). pp. 91-96. 2010.

98



Shen, J., Gan, A. (2003) “Development of Crash Reduction Factors: Methods,
Problems, and Research Needs.” Transportation Research Record. 1840. pp. 50-56.
2003. DOI: 10.3141/1840-06

TML (2014) “Study on the effectiveness and on the improvement of the EU legislative
framework on road infrastructure safety management: ex post evaluation — final
report.” Transport & Mobility Leuven (TML), Leuven. 2014. URL:
http://www.tmleuven.be/project/

roadinfrastructuresafetymngt/2014-12-ex-post-evaluation-study-road-infra-safety-
mgmnt.pdf

Trafikverket (2016) “Bygg om eller bygg nytt. Kapitel 6 Trafiksdkerhet.”
(Constructions or reconstructions. Chapter 6 Traffic safety.) Trafikverket,
Borldnge. (In Swedish.) URL: http://www.trafikverket.se/contentassets/

0ebc841761f74f56b31c6eba5951 1bca/kapitel 6 trafiksakerhet.pdf

Wegman, F. C. M., Roszbach, R., Mulder, J. A. G., Schoon, C. C., Poppe, F. (1994)
“Road Safety Impact Assessment (RIA): A proposal for tools and procedures for a
RIA.” Report R-94-20. SWOV, Leidschendam. 1994. URL:
https://www.swov.nl/sites/default/files/publicaties/rapport/r-94-20.pdf

Wegman, F., Berg, H.-Y., Cameron, 1., Thompson, C., Siegrist, S., Weijermars, W.
(2015) “Evidence-based and data-driven road safety management.” IATSS Rese-
arch. 39(1). pp. 19-25.2015. DOI: 10.1016/j.iatssr.2015.04.001

Yannis, G., Weijermars, W., Kauppila, J. (2012) “A review of international sources for
road safety measures assessment.” Procedia — Social and Behavioral Sciences. 48.
pp- 2876-2886. 2012. DOI: 10.1016/j.sbspro.2012.06.1256

Yannis, G., Dragomanovits, A., Laiou, A., Richter, T., Ruhl, S., La Torre, F.,
Domenichini, L., Graham, D., Karathodorou, N., Li, H. (2016) “Use of accident
prediction models in road safety management — an international inquiry.”
Transportation Research Procedia. 14. pp. 4257-4266. 2016. DOI:
10.1016/j.trpro.2016.05.397

99





