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Abstract. Road traffic safety has become a priority field in the integration process of the state road network into the
European road network. Due to the Lithuanian integration into the economy of Western Europe, the state transport system
has been rapidly changing. Road traffic safety has become one of the major factors describing the present transport system

and its positive and negative changes.

The article presents the road safety problems in Lithuania and gives an analysis of road accidents according to the data of the
Traffic Police as well as their types and main causes. The analysis of the most important measures for improving traffic
safety is presented. The second task is focused on the analysis of the methodology for calculating losses of accidents.
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1. Introduction

Due to Lithuanian integration into the European Un-
ion (EU) and the development of economic relations with
the EU countries, the transit flows, also the number of ve-
hicles on Lithuanian roads, have been rapidly increasing.
This is related not only to a large benefit to the public, but
also to some undesirable social and economic effects. The
first one — a huge number of traffic accidents.

Nearly half a million people are killed each year in
road traffic accidents all over the world and approx 15—
20 million are injured. During the last 15 years more than
12 000 people died on Lithuanian roads and more than
90 000 were injured.

During last 3 years the traffic volume on Lithuanian
roads has been rapidly increased. In 2003-2015 the aver-
age change in the traffic volume on E-category roads made
20 %, the change in the traffic volume of heavy vehicles —
37,4 %. In a two-year period the heavy traffic volume on
the road VIA BALTICA has increased even by 62 % and on
all Lithuanian roads by 25-27 % on average. The volume
of international heavy traffic has been growing especially
rapidly: in the year 2004, if compared to 1993, the number
of trucks, crossing the Lithuanian border, has increased by
nearly 3 times. Such a rapid growth of heavy traffic nega-
tively affects the structure of Lithuanian road pavement,
causes a faster pavement deterioration, failure and defects,

decreases its structural strength etc.

Most of the earlier constructed road pavement struc-
tures were calculated for the axle load of 10 tonnes. At
present a permissible axle load on the main roads is
11,5 tonnes. Heavy traffic causes a negative impact on pave-
ment evenness and initiates ruts in pavement structure. The
ruts with the depth of more than 20 mm cause a serious
danger for road safety.

At present the road traffic safety situation in Lithua-
nia is the worst, if compared to the other EU countries.
Lithuania takes the last place among all the EU countries
according to the number of deaths in road accidents per
1 million inhabitants. Therefore the current Road Mainte-
nance and Development Programme for 2002-2015 out-
lines the following priority goals: road traffic safety assur-
ance, road maintenance, road development, implementa-
tion of the principles of the national sustainable develop-
ment strategy [1].

The existing number of accidents shows that all the
measures and methods, currently used to improve road
safety, are insufficient. Comprehensive studies and a suc-
cessive analysis of their results are necessary not only on a
national level but also on a regional and city level. It is an
urgent task to make the evaluation of the existing situation
as a whole, which would show the effect and the benefit of
the road safety measures implemented.
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Today the standard and well-known road safety meas-
ures are not sufficient. It is necessary to implement the road
traffic safety programmes and to introduce the new road
safety technologies on EU scale [2].

The subject of this paper is the black spots, occurring
on Lithuanian roads. The paper analyses and evaluates the
efficiency of the road safety improvement measures after
their implementation. The results obtained are compared to
the forecasted ones.

2. Road safety situation in the European Union

In 2003, the Transport Ministers of EU countries
adopted Verona Declaration, where they committed to re-
duce the number of people killed in road accidents by 50 %
until 2010. The countries one after another approved these
commitments on a national level. The study, conducted by
the European Commission at the beginning of this year,
showed that the number of people killed in road accidents
in the EU has decreased by 17-18 %. Such countries as
Portugal, Sweden, Netherlands, Denmark, Germany and
partly Italy are on the right way in achieving their goal. By
2005, all these countries succeeded to reduce the number
of victims of road accidents by more than 20 %. Lithua-
nian neighbours Estonia and Latvia have taken a number
of important decisions for improving road safety situation
in their countries. Estonia started to pay a large attention to
children and drivers education, Latvia since 2001 has been
implementing measures to reduce the number of drivers
under the influence of alcohol. In 2004 the penalty point
system was introduced for the violators of traffic rules [3].
However, Lithuania has the worst situation in the EU coun-
tries, since the number of deaths has not decreased but even

Table 1. Change in the number of accidents, killed and injured
people since 2001

Change
2001 2005
+/- %
Road 5972 6790 + 818 14
accidents
Killed 706 760 + 54 8
. 20
Injured 7103 8497 + 1394

increased by 8 % (Table 1, Fig 1) [4].

Based on international accident statistics data, Lithua-
nia is one of the few European countries where more than
200 people are killed every year per 1 million inhabitants
(in 2005 — 223 deaths). This number in 2005 was the worst
among the EU countries and it is twice as many as the aver-
age in the European Union. The main objective of the road
safety assurance activity is to plan the measures, which
would help to avoid painful consequences of road accidents
and to reduce the cases of wrong behaviour by the road
users.

3. Road safety situation on Lithuanian roads

The growing traffic volume on Lithuanian roads and
streets inevitably causes road accidents. In 2005, 6790 road
accidents took place in Lithuania, where 760 people were
killed and 8497 injured. During the period of 11 years
(1995-2005) in the Republic of Lithuania 63 837 road ac-
cidents occurred, where 7905 people were killed and 76 419
injured (Fig 2). This means that every year Lithuania lost
nearly 719 of its citizens, 6947 people suffered from seri-
ous traumas, which revealed itself long after the period of
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Fig 1. Change in the number of people killed in road accidents in the EU countries during 2001-2005
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Table 2. Change in the number of road accidents, people killed and injured, 1995-2005

1995 2005 Change

+/- %
Number of road accidents 4144 6790 +2646 64
Number of road accidents per 1 thousand vehicles 4,7 3,8 -0,9 -19
Number of the killed 672 760 +88 13
Number of the killed per 1 thousand vehicles 0,77 0,43 -0,34 -44
Number of the injured 4508 8497 +3989 89
Number of the injured per 1 thousand vehicles 5,1 48 -0,3 -6
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® Injured 4508 5223 6198 7667 7696

5807 5972 6090 5963 6372 6790
641 706 697 709 751 760
6960 7103 7427 7263 7877 8497

Fig 2. Dynamics in the number of fatal and injury accidents, people killed and injured, 1995-2005

the medical treatment or even caused disability [5].

From 1995 to 2005, the number of accidents in Lithua-
nia has increased by 64 %, the number of people killed —
by 13 %, injured — by 89 % (Table 2). This is not solely the
statistical data — these numbers embrace the tragedies for
families and relatives, increase the number of disabled peo-
ple, since the number of the disabled due to the road acci-
dents is three times larger than that of the killed people.

4. Methodology for the justification of road safety
measures on Lithuanian roads

A proper selection of road safety improvement meas-
ures, corresponding to the concrete situation, results in the
reduction in the number of accidents, as an objective to be
achieved. In order to select the suitable measures, it is nec-
essary to determine accident causes and the risk factors,
contributing to the road accidents [6]. This task is the most
important for the traffic safety specialists and efforts are
made throughout the whole EU to strategically solve it by
creating a common methodology. The basis of this meth-
odology is an identification of the risk factors and imple-
mentation of the corresponding road safety measures on an
accident concentration site.

Each EU country makes different evaluation of the risk
factors; however, all the countries agree on the significant

interaction between the factors. A very important link is
»Road user — Vehicle — Road (infrastructure)”. The road
accident could be caused by a negative effect of one factor
of this link or by the interaction of several factors, but very
seldom — by all the factors together [7] [Fig 3].

The main measures, used to assure road traffic safety
on Lithuanian roads and streets, are as follows: construc-
tion of pedestrian and bicycle tracks, sidewalks and guard-
rails, reconstruction of intersections by giving a priority to
roundabouts and grade-separated intersections, illumination
of road sections, construction of grade-separated pedestrian
crossings, removal of trees from the edge of the carriage-

Human 93 %

Vehicle 93 % Road 93 %

Fig 3. The role of the risk factors and their interaction during the
accident
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way on the main, national and high-volume regional roads,
installation of traffic lights in the intersections where it is
complicated to implement another measures, erection of
speed-reduction engineering measures etc.

The road safety measures are implemented on those
road sections where a regular recurrence of accidents was
noticed. Before the implementation a detail analysis is nec-
essary to define the main risk factors, contributing to the
accidents. After making the identification of accident causes
the corresponding measures are selected to improve road
safety.

The road sections, having a regular recurrence of ac-
cidents, are divided into two groups for further evaluation:

1. accident concentration site —a road section where
the safety indicators are still lower than the limit
values, though it is already necessary to take pre-
ventive measures and to avoid the black spot;

2.  black spot — a road section where the safety indi-
cators had already exceeded the limit values and
where urgent measures are required to improve
the safety situation.

Each year, more than 200 accident concentration sites
and black spots are identified on Lithuanian roads of state
significance.

The safety situation of a study road section is assessed
by estimating the accident rate:

ro N-10° 0

365TLm

where AR — accident rate, characterising the number of ac-
cidents per 1 million vehicles passing through 1 km road
section per year; N — number of accidents on a study road
section in the period of 4 years; T — annual average daily
traffic, vpd; L — length of a study road section, km; m —
number of years (m = 4).

According to the currently used Lithuanian methodo-
logy, the black spot is the road section with a length of 500 m
where in the period of 4 years 4 or more road accidents
occurred and the accident rate is: AR, = 0,5 for roads with
a double carriageway (AM and I category roads);
AR, . = 0,8 for roads with a single carriageway (Il and V
category roads);

The main safety indicators, describing the safety situ-
ation of a road section, are: accident density (4D), indicat-
ing the number of accidents per 1 km long section per year;
accident rate (AR).

The economic analysis of road safety measures is car-
ried out by using the upgraded Lithuanian version TARVAL
of the software TARVA, developed at the Finnish Road
Technical Research Centre. This version of the software
has been installed in the Road Survey Division of the State
Enterprise “Transport and Road Research Institute” (TRRI).
The software calculates the forecasted reduction of recorded
accidents per year, taking into account the accident rate,

traffic volume and the proposed road safety improvement
measures in the period of 4 years.

For each road safety measure the impact coefficient
has been determined, showing the expected change in the
number of accidents after a certain measure is implemented.
TARVAL coefficients for the homogenous road sections are
determined taking into account the following groups of
improvements: road improvement (widening, marking etc);
road infrastructure improvement (illumination, marker posts
etc); intersection improvement; speed restriction; other
measures.

The methodology of calculating accident losses was
developed by the TRRI in 1995. This methodology was
elaborated according to the Report XIII of the European
Commission General Directorate. This report presents the
findings of the research carried out in 14 European coun-
tries. Software to calculate the losses of accidents in the
Lithuanian Republic has been developed according to this
methodology. When analysing accidents, two groups of
losses are pointed out: direct (primary) and indirect (sec-
ondary) losses. Direct losses are the losses incurred by ve-
hicle owners, road maintenance units, expenses of traffic
police and other organisations, investigating accidents, as
well as medical institutions [8].

5. Analysis and evaluation of the efficiency of road
safety improvement measures implemented on
Lithuanian roads

In 2006, the Dept of Roads of the Vilnius Gediminas
Technical University started the evaluation of the efficiency
of road safety improvement measures on Lithuanian roads.
For this purpose, data on the effect of road safety measures
had been collected and analysed for the road sections where
the measures were implemented.

One implementation stage was analysed for determin-
ing the effect of the road safety improvement measures af-
ter their implementation. 28 black spot sections were se-
lected where the improvements were implemented in 1999
[9]. A comparison of the efficiency of road safety measures
and the forecasted reduction of accidents with the real situ-
ation 4 years after their implementation enabled to assess
the accuracy of the currently used efficiency evaluation
methodology. The road safety measures and their impact
coefficients in the TARVAL software are in Table 3.

It was determined that in 15 road sections the imple-
mented measures have justified themselves. In the remain-
ing 13 sections the expected road safety results were not
achieved (Table 4). Therefore the repeated detail analysis
of these road sections is necessary, also, implementation of
the more effective safety measures and development of
methodology for the justification of road safety improve-
ment measures.

Table 4 gives the road sections where, after implemen-
tation of a certain road safety measure, the safety situation
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Table 3. The impact coefficients of road safety measures in the TARVAL software

The impact coefficients *
No Measure description For accidents for accider.lts For .accid.ents
with vehicles with pefiestpans w1t}} wild
and bicyclists animals

Existing situation 1 1 1
101 Setting up pedestrian and bicycle ways 1 0,7 1
103 Traffic island on zebra crossing 1 0,8 1
105 Zebra crossing arrangements 0,95 0,9 1
106 Improving pedestrian and bicycle way 0,85 1
203 Road widening in country side 0,9 0,9 0,9
204 Overtaking line 0,9 1 1
206 Lines widening 0,9 1 1
209 Building a central island 0,8 0,9 1
401 Building a roundabout 0,7 0,85 1
407 Channelisation of a 4-arm crossing 0,9 0,9 1
409 Channelisation of a 3-arm crossing 0,95 0,95
412 New traffic lights in a 4-arm crossing 0,7 0,7 1
604 Marking new middle and side lines 0,9 0,9 0,9
608 Improving crossing markings 0,95 0,95 1
702 Humps, bumps etc and speed limits 0,7 0,7 0,7
703 Traffic arrangements on streets 0,9 0,9 0,9
704 Measures supporting speed limit obedience 0,95 0,95 0,95
901 Installation of guard rails 0,8 0,95 1

* The road safety measure’s impact coefficient shows the expected change in the number of accidents after a certain measure is imple-

mented

became worse. Table 4 shows the accident data before the
road safety measure implementation and after it. The num-
bers in red emphasise a negative change in the number of
accidents after the measure was implemented. On several
road sections the safety situation became significantly
worse, ie the number of fatal accidents has increased by 2,
3 or even 4 times per year:

Road A4 Vilnius—Varéna—Grodno, 15,00—
15,50 km. In the period 1995-98 on this road sec-
tion § injury and fatal accidents took place where
2 road users were killed and 9 injured. There are
only two types of accidents: running on a pedes-
trian and collision of vehicles. In 1999, the inter-
section was equipped with traffic lights. The
number of fatal accidents has decreased by 0,5 ac-
cident/year. The type of road accidents has
changed: the number of pedestrian-involved ac-
cidents has decreased and the number of vehicle
collisions has increased; therefore the number of
injury accidents has increased up to 2 accidents/
year.

Road A7 Marijampolé—Kybartai, 38,70-
40,80 km. In the period 1995-98, on this section
of the main road 6 accidents occurred where 2
people were killed and 4 injured. The main type

of accidents — running of a cyclist. In 1999 the
guardrails were erected on this road section which
had no effect on the reduction of accidents
number. Due to the absence of any additional road
safety improvement measures, the number of fa-
tal and injury accidents on this road section has
been constantly increasing (0,5 and 3,25 acci-
dents/year, respectively).

Road 130 Kaunas—Prienai—Alytus, 7,60-9,15 km.
From 1995 to the end of 1998, on this road sec-
tion 18 fatal and injury accidents were recorded
where 20 road users were injured. The main type
of accidents — running on a pedestrian. In 1999
the guardrails were erected here and the pedes-
trian crossing with a safety island. From the be-
ginning of 2000 to the end of 2003, 28 accidents
were recorded where 3 persons died and 35 got
injuries. The number of accidents on this road
section has been further increasing. The number
of injury accidents has increased even by 3,75
accidents/year, of fatal accidents — 0,75 accident/
year.

The investigation data obtained enabled to correct the
current methodology and it gave a possibility to make a
more precise forecast about the economic effect of the road
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safety improvement measures to be implemented and for
the expected reduction in the number of accidents.

6. Conclusions and recommendations

1. Analysis of the increasing traffic volume and road
safety situation on Lithuanian roads shows that the main
indicators of road safety in our country are the worst, if
compared to the other EU countries. Therefore it is neces-
sary to implement the more effective measures for improv-
ing the road traffic safety.

2. Each year more than 200 accident concentration sites
and black spots are identified on Lithuanian roads of state
significance. Due to insufficient funds, allocated to road
traffic safety improvement, the road safety improvement
measures are implemented only on 15-30 road sections each
year.

3. In Lithuania the efficiency of the road safety im-
provement measures after their implementation is assessed
by using the TARVAL software. The effect of road safety
measures on the Lithuanian roads is assessed by applying
the impact coefficients. One stage were selected for the
evaluation and 28 black spots, where in 1999 the road safety
improvement measures were implemented. It was deter-
mined that in 15 road sections the implemented measures
have justified themselves. In the remaining 13 sections the
expected road safety results have not been achieved. There-
fore the repeated detail analysis of the study road sections
is necessary and the implementation of more effective im-
provements.

4. To properly evaluate and predict the effect of road
safety measures after their implementation, it is recom-
mended:

to correct the currently used impact coefficients of the
road safety measures of TARVAL software;

to correct methodology for the economic evaluation
of road safety measures;

having a sufficient amount of funds, to carry out the
forecast of accident concentration sites and implementa-
tion of road safety improvement measures, not waiting un-
til the section becomes a black spot.

5. The records of road accidents after the implemen-
tation of road safety measures should also include the dam-
age-only accidents (part of fatal and injury accidents, after
the road safety measures are implemented, gets into the
category of damage-only accidents).

6. The current evaluation of the efficiency of road
safety improvement measures and correction of its meth-
odology in future will give a possibility to make more pre-
cise forecasts about the economic effect of the road safety
improvement measures to be implemented and on the ex-
pected reduction in accident number.
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