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ABSTRACT
There are major differences in traffic and safety records between Lithuania and Finland.
However, safety tools exist that are useful to both countries. The main features of these
tools are presented along with some results of comparisons between the countries.

One common tool is for road safety ranking and analysis of the safety effects of road
improvements. It is based on empirical Bayesian estimation of the current safety situation,
and on worldwide information on safety impact coefficients, also known as Crash
Modification Factors (CMF). Comparison of the Lithuanian and Finnish accident models
suggests that the main features affecting safety are similar even in different kinds of
countries.

Another common tool is for accident analysis. It uses the data commonly collected from
accidents as follows: (i) accident events, together with their location-related data, (ii) traffic
units involved, such as vehicles and pedestrians, and (iii) persons involved, including
those in/on vehicles or on foot. The tool is used to study the features of accidents on
certain roads and in certain areas or conditions, in order to estimate the possibilities for
road safety improvements.

1. BACKGROUND

Establishment and implementation of procedures for road safety impact assessments are
requested from the Member States by the European Union [1]. However, science-based
safety evaluation tools are not widely used. Elvik [2] and Montella [3] have concluded that
the empirical Bayesian (EB) method should be a standard in identification of hazardous
location. Identification should be based on best estimate of accidents and it should be
achieved by combining information from accident records and accident prediction models
[2].

Lithuania and Finland have been co-operating in developing tools for safety evaluations,
even if they have some major differences related to road safety. In 2013 the number of
road fatalities in these countries was exactly the same, 258. However, the population in
Lithuania is around 2.9 million compared to 5.4 million in Finland. This means that the
figure most often used for international road safety comparisons – fatalities per population
– is in Lithuania about 80% higher than in Finland. The difference was even greater
(Figure 1) prior to the significant progress made in Lithuania over the last 8 years.
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Figure 1 – Fatalities per population in Lithuania, Finland and the EU by year [4].

Another major difference between these two countries is the distribution of fatalities among
modes. In Lithuania the share of pedestrians is almost 40% of all fatalities, compared with
around 13% for Finland, while deaths involving motorcycles, cars and vans are relatively
more common in Finland (Figure 2).

Figure 2 – Share of fatalities by mode of travel in 2013.

The share of fatalities outside urban streets is roughly the same; in 2013, on roads of
national significance it was around 67% in Lithuania and 74% in Finland.
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The significant differences between Lithuania and Finland have not been a hindrance to
the joint development and use of safety tools [5,6] but rather a source of inspiration. Since
the tools have been developed for use on the web, the distance between users has not
been an issue.

The first of the common safety tools is for road safety ranking to identify road sections or
crossings where safety measures would be most effective, and to estimate the safety
effects and cost effectiveness of different road improvements. The background, principles
and use of this tool are outlined in chapter 2 and some examples of its results from both
countries are described in chapter 3.

The second tool is for studying the accident features of different roads, road users and
vehicles to estimate the safety potential of different road safety measures and analyse the
factors affecting accidents. The background, principles and use of this tool are presented
in chapter 4 and some examples of its results from both countries are given in chapter 5.
Finally, some conclusions are drawn in chapter 6.

2. COMMON TOOL FOR ROAD SAFETY ANALYSES

The purpose of the first common tool is to provide a method and database for the road
network for (1) predicting the expected number of road accidents if no measures are taken
to select locations for safety improvements, and (2) estimating the safety effects of road
safety improvements in order to evaluate the cost-effectiveness of combinations of safety
measures.

The underlying logic of the tool is combining general safety variation (accident model) with
information from local safety factors (accident record) using the EB method. For creating
accident prediction models, the road network is divided into homogeneous road sections
and crossings. To be able to cover large networks, pretty simple accident prediction
models are used. Consequently frequent updates of the whole network are not time
consuming – the databases are updated yearly. Hence, up-to-date prediction of expected
numbers of accidents from any part of the network is always available.

The estimation of safety effects of road improvements is a four-phase process, shown in
Figure 3, to which the following numbers refer [5]:
(1) For each entity (homogeneous road section or crossing, or level crossing) the most
reliable estimate of the expected accident number is calculated. Information about
accident record and accident model is combined in a formula that takes into account the
model's goodness of fit and random variation in the number of accidents. The weight of the
accident record compared to the weight of the accident model depends on the proportion
of systematic variation not explained by the model.
(2) To predict the number of accidents without road improvements, the most reliable
estimate of the number of accidents can be corrected by the growth coefficient of the
traffic. Also the effects of fundamental changes in land use on the predicted accident
number can be taken into account by the coefficient. In practice, the expected number of
accidents can be multiplied by a factor taking into account e.g. the exceptionally high
growth of traffic volume on a given road section.
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Figure 3 – Evaluation of current safety and safety effects of road improvements [5].

(3) The effects of the measures on injury accidents are estimated based on the predicted
number of accidents and planned measures for which the average impacts on injury
accidents (Crash Modification Factors, CMF) have been estimated.
(4) The measures can also affect the severity of accidents still occurring on the road after
treatment. The tool takes these effects into account with severity reduction coefficients.
Using the evaluated injury accident reduction percentage and available knowledge on the
average severity (fatalities per 100 injury accidents) and its change, the tool produces an
estimate of yearly-avoided fatalities. The number of fatalities has been chosen for
estimations for two reasons: their amount is essential for accident costs and there are
systematic differences in variation between injury accident rate and fatality rate.

Analogously, comparable safety effects can always be estimated. The minimum input
needed for estimation of safety effect is (1) what the measures are and (2) where they are
implemented. There are almost 100 predetermined measures in the different versions of
the tool. Additionally the user can define measures of his/her own, provided CMF
estimates are available.

The results of the calculations include (1) the expected safety situation on the modified
network if no measures are implemented and (2) the safety effects of selected
improvements (yearly injury accidents and fatalities). The results display the safety effects
in total, and which measures have caused them.

Estimates of yearly-avoided injury accidents and fatalities caused by road improvements
are used to calculate the benefit in accident costs. Because the tool estimates the costs of
measures as well, the results can be used to calculate what kinds of measures are most
effective regarding safety, and where those measures pay off most effectively.
Implementation costs can be entered while performing the evaluations, but the average
costs for measures (per km or per measure) are used if these values are not entered.
Some results from the tools are presented in paragraph 3.
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3. USE AND RESULTS OF THE ROAD SAFETY ANALYSIS TOOL

To demonstrate the use of the road safety analysis tool, some analyses and their results
are presented here. There are several ways of estimating the current road safety situation
and the most promising locations for road improvements [3,7,8]. The most crucial thing is
not to rely on accident history only, but rather to use accident models in addition. Some
examples of analyses related to these from Lithuania and Finland are presented in
paragraph 3.1.

Estimating the safety effects of road improvements is based on reliable estimates of
current safety and on information about the effects of these measures on accidents (CMF).
Some examples of analyses related to these from Lithuania and Finland are presented in
paragraph 3.2.

3.1. Estimates of current safety situation
The databases of safety analysis tools cover the whole Lithuanian and Finnish road
network outside urban streets. In Lithuania they are called roads of national significance
(21 300 road kilometres) and in Finland public roads (78 100 road kilometres). To describe
the components affecting safety on these roads, the number of fatalities can be described
as the product of Exposure, Risk and Severity shown in Table 1.

Table 1 – Safety of roads outside urban streets in Lithuania and Finland in 2008–
2012 (Fatalities = Exposure*Risk*Severity/10000).

Country Exposure(1) Risk(2) Severity(3) Fatalities(4)

Lithuania 10161 15.0 17.9 271
Finland 35971 8.8 7.1 224

Notes: (1)Yearly vehicle kilometrage; (2)injury accidents/kilometrage; (3)fatalities/100 injury
accidents; (4)fatalities/year.

In relation to traffic safety the following can be observed (Table 1):
 Vehicle kilometrage in Lithuania is 28% of that in Finland.
 Injury accident risk in Lithuania is 70% higher than in Finland.
 The number of fatalities per 100 injury accidents in Lithuania is 2.5 times that in

Finland.
 In spite of differences in factors affecting safety, the total fatality numbers are pretty

close to each other in both countries.

Having a higher injury accident risk and greater number of fatalities per injury accidents in
Lithuania means in practice that the fatality rate (killed/kilometrage) is much higher in
Lithuania than in Finland. The accident rate for accidents involving motor vehicles only is
three times greater in Lithuania than in Finland, and for accidents involving unprotected
road users 13 times greater than in Finland. These differences exist in different sizes, but
are very large for all major road categories (Figure 4). It seems that especially accidents
involving unprotected road users (pedestrian, bicycle, moped) are much more common in
Lithuania than in Finland.
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(1) Outside urban streets

Figure 4 – Fatality risks by road category in Finland (Fi) and Lithuania (Lt) in
2008–2012.

Although the injury accident risks and fatality risks are not of the same magnitude in the
two countries, we observed that accident risks vary in a similar way. In fact, we found that
having a constant accident risk in homogeneous road and traffic conditions in one country
gives a pretty good accident prediction model, even if the risks are at different levels in the
two countries. This kind of model is easy to build up and update separately for each
country. To describe what we mean by homogeneous road conditions, a more segregated
road grouping for Lithuania is presented in Figure 5.

(1) Speed limit, road width and road covering
(2) Outside urban streets

Figure 5 – Fatality risks by major road groups in Lithuania in 2008–2012.
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In the Lithuanian analysis tool database, the major groups are defined by the road
categories used in Figure 4: speed limit, road width and road coverage (gravel roads
separately). The final accident model comprises the accident rate for two to three sub-
groups in each group defined by AADT. Accident number estimates are calculated
separately for vehicle-only accidents and accidents involving unprotected road users
(pedestrian, bicycle or moped) or animals.

Estimates on current safety are calculated every year for fairly short homogeneous road
sections (and crossings). This enables the estimates to be presented for any part of the
road network along as many sections as necessary. All safety-related road and traffic data
is saved in the database, allowing the maps on accident rate, accident density etc. to be
calculated as needed. Consequently, all planners needing safety data can access the
safety estimates created uniformly for the whole country. Examples of maps demonstrating
the variation of fatality density are presented in Figure 6 and Figure 7.

Figure 6 – Expected fatality density on Lithuanian roads of national significance.
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Figure 7 – Expected fatality density on Finnish main roads.

3.2. Safety estimates of road improvements
The effectiveness of any road safety measure is affected by three major factors: (i) what is
the measure to be implemented and its effect, (ii) where the measure will be implemented
and (iii) what are the costs of the measures to be implemented and the accidents to be
avoided by the measures. Below all these factors are discussed separately.

International literature is the main source of information on the widely used safety
measures and their safety effects. The effects of measures are indicated by CMFs
describing how large a proportion of the accidents remain after implementing the measure
(e.g. CMF 0.9 means a 10% reduction of target accidents) [9]. Information about CMFs
can be found online at the FHWA CMF clearinghouse [10] and Austroads Road Safety
Engineering Toolkit [11], or from handbooks by e.g. Elvik et al. [12]. While implementing
several measures at the same location, effects of overlapping measures need to be taken
into account to avoid double counting.

Because accident reductions are proportional to the target accidents, location of the safety
measure is crucial for safety effects. Assessing current accident numbers reliably is
discussed above in paragraph 3.1. These estimates have to be produced using national
databases. Effects on different types of accidents can be different; thus the presented tool
estimates separately accidents involving (i) unprotected road users and (ii) animals and
(iii) motor vehicles only.

Implementation costs for safety measures vary between countries as well as the unit costs
for accident consequences, even if they should be defined using common principles [13].

Given the wide range of factors influencing the effectiveness of road safety measures, one
cannot list all possible road safety measures in order of effectiveness. Therefore, to give
some idea of the measures and their effects, we give an example from the Finnish public
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road network (Table 2). The list does not cover the construction of totally new road
sections, only road safety improvements on existing roads. The reason the list is available
is that all road districts in Finland use the same tool for estimating the safety effects of all
road improvements.

Table 2 – An example of the yearly share of safety effects on Finnish public roads.

4. COMMON TOOL FOR ACCIDENT ANALYSES

Another common tool has been created for easy analysis of all the data from accidents,
vehicles involved in accidents, and persons involved travelling in vehicles or on foot. The
underlying rationale is to make it easier to analyse properly the target accidents of different
kinds of safety measures – a task that is as important as defining correct CMFs.

When analysing current safety, it is necessary to know the characteristics of accidents on
the road network where safety actions are being planned. For example, when measures
are allocated based on injury accidents, there is a risk of disregarding the major
differences in severity of accidents. An example of this is shown in Figure 8. Even if the
number of fatalities is frequently too low for drawing statistically significant conclusions, it
must be taken into account that the share of head-on fatalities (opposite directions, no
turning) is more than three times that of casualty accidents.

Measure
Reduced injury

accidents /year Share (%)
Automatic speed camera enforcement 13.7 38.5
Renovation of road lighting 4.6 12.8
Rumbling road markings 3.1 8.6
New lighting with breakable poles 2.5 7
Building new roadside railings 1.8 5.1
More effective crossing markings 1.2 3.4
Improvement of winter maintenance 1.1 2.9
Reflective roadside poles 0.9 2.5
Intensified attention to speed limits 0.9 2.5
Speed reducing humps etc. 0.4 1.2
Other measures 4.8 13.6
All measures in total 34.9 100
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Figure 8 – Accident type distribution of casualty accidents and fatalities in 2008–
2012 on Finnish public roads.

Another example of the effectiveness of considering person-related and accident data
together is shown in Figure 9. As in many other countries, drunken driving is a major
safety problem in Finland. In 2008–2012, altogether 23.9% of people killed in traffic died in
accidents involving a drunk driver. In terms of persons killed, the fatality is most often the
drunk driver (16.3%), followed by someone travelling in the same vehicle (5.4%) and next
by a third party (2.2%). In particular, the proportion of third-party fatalities varies
substantially by accident type, which might have consequences in terms of safety
measures.

Figure 9 – Share of fatalities in drunk-driving accidents by victim group and
accident type in Finland in 2008 2012.
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5. USE AND RESULTS FROM THE ACCIDENT ANALYSIS TOOL

Data gathered from accidents is almost the same in all countries. It includes time, location
and conditions of the accident, vehicles and pedestrians involved and injured persons, in
some cases even persons involved but who survived with no personal damage. Even the
structure of the data is usually the same – accident data, linked to one or more traffic units
(often vehicles), each of which is linked in turn to one or more persons (Figure 10). Data
from all levels can be flexibly combined with the common analysis tool, a task that is
usually not very easy. One example of this kind of analysis is shown in Figure 9,
addressing who suffers the consequences in an accident where a drunk driver is involved.
With the help of the tool, the definitions can be made combining information from any level
and the results calculated irrespectively of the definition levels.

One extra benefit related to the tool is that the variables and their value labels need to be
uploaded only once for an accident database. After that everyone can benefit from
common definitions and coding. At this point, there are separate databases for three
Finnish, two Lithuanian and one UK dataset(s), and one Swedish dataset is under
preparation.

Figure 10 – An example of accident data as tree-type information.

Some examples of comparing accident data between countries are presented in chapter
5.1, and an example of a detailed analysis of accident data from different levels is
described in chapter 5.2.

5.1. Comparing accidents between countries or areas
Having an accident database created for a dataset enables data to be compared e.g.
among road categories or road districts of a country or between countries. Three examples
of the latter are presented below.
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Above, we observed that on the whole, Lithuania suffers from a relatively large number of
pedestrian fatalities (Figure 2). This issue also emerges when comparing numbers of
fatalities on non-urban roads in Lithuania and Finland. On these roads the share of
pedestrian fatalities is 28.9% in Lithuania and 6.8% in Finland. Lithuanian pedestrians
seem to be at risk especially during the early winter months, from October to January
(Figure 11). Respectively, Finnish bicyclists, moped riders and motorcyclists have
relatively high fatality numbers during the summer months. Detailed information on
exposure to accidents, e.g. travelled kilometres or hours by mode and their monthly
variation, helps analyse the differences in detail. However, the monthly variation of
pedestrian fatalities in Lithuania suggests that safety could be enhanced by wider use of
reflectors such as in Finland.

Figure 11 – Number of fatalities in different road user groups by month in 2008 2012
on Lithuanian and Finnish roads outside urban streets.

Usually the age distributions of persons involved in accidents are analysed considering the
ages of killed (or injured) persons only. This causes bias, because tolerance to external
forces generated by an accident is heavily dependent on the age of the person. We
compared the age distributions of all car drivers involved in accidents on Lithuanian and
Finnish roads outside urban streets (Figure 12).
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The share of female car drivers involved in accidents outside urban streets is higher in
Finland compared to Lithuania (36.3% vs. 23.5%). The age distribution of car drivers is
more spread in Finland than in Lithuania, especially for female drivers. Another interesting
difference is the remarkable peak at 18–20 years of age (novice car drivers) for male as
well as female drivers in Finland (Figure 12).

Figure 12 – Age distribution of car drivers involved in accidents by sex in 2008 2012
on Lithuanian and Finnish roads outside urban streets.

Respective analyses of pedestrians reveal that the share of female pedestrians is higher in
both countries compared to the share of car drivers – and again a bit higher for Finland.
Additionally, female pedestrians seem to be overrepresented in the oldest and youngest
age groups in both countries. The share of pedestrians aged 17 or less seems to be
overrepresented in Finland (Figure 13).

All these differences should be further analysed – again taking into account information on
exposure data.
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Figure 13 – Age distribution of pedestrians involved in accidents by sex in
2008 2012 on Lithuanian and Finnish roads outside urban streets.

Comparison of the share of killed persons of all involved persons shows that male
participants in accidents were killed about twice as often as female participants. This is
true for car drivers as well as pedestrians in both countries (Figure 14). These differences
cannot be related to the total amount of exposure, because the number of fatalities is
calculated in relation to the number of times people are involved in accidents. Further
analysis of the phenomenon is needed.
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Figure 14 – Share of fatalities of persons involved in accidents as a car driver or
pedestrian in Finland (Fi) and Lithuania (Lt) in 2008–2012 on roads outside urban

streets.

5.2. Detailed analysis of accidents
The accident analysis tool allows even for complicated definitions of included and
excluded accidents, vehicles or persons. One such example is the analysis of
consequences to drivers in two-vehicle (car and van) accidents involving a head-on
collision on a straight section or curve. One could be assumed to have better passive
safety in cars compared to vans. However, in this type of collisions van drivers seem to
have survived remarkably better than car drivers (Table 3). This is probably caused by the
weight distribution of the vehicles – people in the heavier vehicle survive better in head-on
collisions.

Table 3 – Share of consequences (%) for car and van drivers in head-on collisions
with no other parties involved in 1991–2013 in Finland.

Driver in: Killed Injured Non-injured Count (= 100%)
Car 10.5 71.8 17.7 769
Van 1.4 47.9 50.7 769

6. CONCLUSIONS

We demonstrated two web-based safety analysis tools used in two countries with a
different safety situation. The first tool uses empirical Bayesian safety predictions as the
basis for selecting locations for implementing road-safety improvements. In addition, the
tool provides estimates of the safety benefits of selected improvements. The other tool is
for a wide variety of accident analyses based on commonly gathered accident data. It can
be used e.g. for analysing accidents to define the best safety measures for accident prone
locations.

Our experience suggests that international co-operation is valuable, not only in sharing
experience of road safety measures, but also for developing common safety analysis tools.
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Cooperation saves resources but also enhances international exchange of experience and
makes analyses more useful. Additionally, making predictions and evaluations using the
same principle and tools will markedly improve the quality and comparability of safety
estimations.

Based on our cooperation, the key features of such evaluation tools are as follows:
 They are scientifically well founded to provide reliable results
 They are simple to use and understand in order to be used widely and continuously
 They are easy to update and develop further in order to keep data and models up to

date
 Similar principles and data are used widely to enhance comparability and transfer

knowledge
 They are versatile to give a proper basis for decision makers.
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