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Abstract The accepted accession to the European Union in Lithuanian internal transportation is regulated by the co
ordination of national legal acts with the international conventions arid documents of various international organisations. 
This process was particularly accelerated when Lithuania started negotiations on the accession to the European Union. 
Future transport pricing policy of Lithuania has two objectives -to guarantee the covering of operational costs and to 
strive for economic efficiency. These objectives should not be coincident. Economic, institutional and legal refonns in 
Lithuania are implemented with the aim to co-ordinate the standards and regulations effective in Lithuania with the acts 
of the European Union. In the article on the basis of pricing of the peak, the social marginal, the environmental costs 
referring to the advanced research of Western and US scientists, were analysed and improved the evaluation of external 
Lithuanian transport costs and economic methods enabling the integration of external transport costs into the internal 
costs were offered. The improvement of external cost evaluation will enable the integration of external transport costs in 
line with the EU standards. One of the most actual problems of Lithuania is the growth of environmental impact and 
social subsequences caused by the increase of transport in Lithuania~ Increasing traffic jams, air pollution, growing rates 
of accidents and noise emission are the main problems of the Lithuanian transport system. Thus, in transport system, 
besides the internal costs, there exist the external costs that are not reflected in transport cost price. These costs are 
caused by air pollution, worsened health condition of people, decreased agrarian fertility, increased water pollution, etc. 
Therefore it is necessary to evaluate these external transport costs and to propose the ways of their reduction as well as 
their inclusion into the transportation price. The methodological basis of the article is the method of systematic and 
multicriteria! analysis aiming at the evaluation of the necessity of the inclusion of external transport costs into the 
transport price with the attitude towards the national and the carrier's positions. Research work of Western and US 
scientists was referred to the grounding of the necessity of external transport costs in Lithuania. Having analysed the 
experience of the scientists of US and Western countries, as well as the practice of Lithuanian scientists, a methodology 
for the evaluation of external transport costs in the country was offered. The application of the EU standards is tackled 
as well. Most ideas suggested in the article could be valuable for further formation and enhancement of external costs of 
economic technique in Lithuania thus approaching the national pricing to the EU standard system. The evaluation made 
in the article shall be applied for the implementation of external transport cost evaluation technique in Lithuanian 
transport. 
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1. Introduction 

Transport is one of the sectors of Lithuanian 
economy integrated into the European market. This ac
counts for the fact that transport presents a connecting
link facilitating the development of international trade 
and ensuring free movement of people and goods. The 
participation in the international trade decides the com
mon peculiarities of transport activity regulation. Even 
internal transportation is regulated by the co-ordination 
of national legal acts with the international conventions 
and documents of various international organisations. 

This process has particularly accelerated when Lithuania 
started negotiations on the accession to the European 
Union. 

Future transport pricing policy of Lithuania has two 
objectives - to guarantee the covering of operational 
costs and to strive for economic efficiency. These ob
jectives should not be coincident. Economic, institu
tional and legal reforms in Lithuania are implemented 
with the aim to co-ordinate the standards and regula
tions effective in Lithuania with the acts of the Euro
pean Union [1]. 
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2. Analysis of External Transport Costs, Prices and 
Pricing Theory 

Internal and external costs. Transportation costs 
are classified as internal and external costs. Internal costs 
of transportation emerge from the services of transporta
tion service providers and consumers. They emerge in 
the process of transportation. This can not be said of ex
ternal costs. The latter emerge when activities of one 
group make an impact on the other group without any 
remuneration of losses or compensation. If the loss is 
remunerated by compensation (as required by the Gov
ernment) and an external impact is evaluated, then the 
external costs become internal costs [2]. 

Pollution - the ''polluter pays" principle. Figure 
demonstrates optimal pollution charges regarding the 
noise emission. General principles may be also success
fully applied to other fonns of pollution, such as air and 
water pollution. MPC means marginal private freight 
transportation costs (in tonnes). They comprise the work, 
fuel, maintenance costs. MEC means marginal environ
mental costs indicating marginal noise impact/disturbance 
expressed in monetary terms in each traffic level, and D 
is the curve of demand for transportation by road trans
port services. MSC is the curve of marginal social costs 
and it demonstrates the sum of MPC and MEC. On con
dition that road carriers regard their personal operating 
costs, then the production balance will be of the Q level 

A ' 
and the price or costs will be P A" However, if all the costs 
- personal and social are regarded, then Q* will be an 
optimal production level, and the price or costs will be 
P*. The Q* means a marginal profit equal to the mar
ginal social costs of transportation by road transport. The 
"polluter pays" principle states that carriers have to be 
aware of external costs, which they cause and pay pollu
tion, charge equivalent to ME C. It means that some goods 
will be shifted to other modes or that the industrial shift
ing will reduce general transport production. It is unprac
tical to directly charge consumers for pollution, there
fore for purchasing of a vehicle and for a yearly licence 
of the Road Fund several indirect methods were proposed, 
including the pollution tax. However, no method has of
fered an ideal "polluter pays" scheme, particularly the 
tax is not related to the actual use of a vehicle. 

Pricing in the case of traffic jams. Primarily the 
idea of using the pricing for the reduction of traffic jams 
was proposed more than eighty years ago by Pigou ( 1920) 
[3], then slightly later by Knight (1924) [4]. The theory 
demonstrated that traffic jams taxes lead to the 
internalisation of traffic jams costs by consumers. The 
theory of traffic jams pricing was developed by such sci
entists as Walters (1961) [5], Strotz (1964) [6], Mohring 
(1965, 1970, 1996) [7-9], Lvy-Lamber (1968) [10], 
Marchand (1968) [11], Vickrey (1968) [12], Keeler and 
Small (1989,1983,1992) [13-15] and DeVany (1976) 
[16], Jensen (2001) [17]. Vickrey's (1969) [18] "bottle-

p 

ME 

Optimal pollution tax 

neck" model is particularly differently viewed by vari
ous publication sources. Basing on this method the travel 
time spent in traffic jams is analysed. The "bottleneck" 
model was renewed and vastly investigated in the ar
ticles of Arnott [19], De Palma, A. and R. Lindsey (1998, 
2000) [20, 21] and even nowadays traffic researchers 
often apply the model. 

Pricing of external environmental costs. Whereas 
the pricing of traffic jams reduces the number of 
kilometres covered and decreases the used fuel amounts 
thus the reduced air pollution is one of its positive re~ 
sults. Daniel and Behha (2000) [22] investigated this 
impact of traffic jams taxes according to a detailed model 
and settled that the taxes reduce the emission of vehicles 
from 10% to 30% with a social profit fluctuating from 
15% to 30 %. Pany and Bento (2001) [22] have also 
investigated the profit of traffic jams pricing. They fo
cused an environmental impact and the impact of acci
dents. Daniel and Behha found that there is a great envi
ronmental benefit from the pricing of traffic jams (25 % 
of profit from a reduced traffic jam) provided that the 
fuel (petrol) tax by itself will not be able to internalise 
the external costs of air pollution. The principles of pric
ing of marginal costs maintain that instead of applying 
the traffic jams pricing for the improvement of air condi
tion it is necessary to carry out a special policy facilitat
ing the improvement of these particular external trans
pmt costs. The pollution caused by one vehicle does not 
depend on the traffic jams. 

The importance of external transport costs (Table 1) 
is based on the fact that in the market economy the pub
lic resources decide upon the features of pricing. If the 
prices reflect the shortage of goods, then principally the 
market will guarantee the effective distribution of re
sources. However, when the market prices, e.g. because 
of transport accidents, will reflect the existing shortcom
ings, such as weather purity, quality of environmental 
safety, infrastructure, etc., the transport demand will ex
ceed the socially optimal standard and the distribution of 
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Table 1. Classification of transport costs 

Social costs 
Types of costs 

Internal/individual costs External costs 
Costs of transport services Fuel and vehicles costs, tickets/tariffs Other paid costs (for instance, vehicle storage 

costs) 
Infrastructure costs Consumers' fees, vehicles charges and fuel Uncovered infrastructure costs 

excise duty 
Costs of casualties Covered insurance and casualties costs Uncovered costs for casualties (i.e. pain and 

Costs of environmental safety Own losses 

Jam costs Costs of own time 

resources will not be efficient. However the external costs 
are covered by others, not by transport users, i.e. by those 
affected by transportation: those falling ill because of air 
pollution, taxpayers, social insurance payers, infrastruc
ture costs payers, etc. Thus, the price system that does 
not reflect proper public costs is both ineffective and 
improper. External costs force transport users to react 
towards prices that are less than proper expenses, which 
increase the demand for transport, which make economic 
effect [23-27]. 

Sustainable policy should be oriented towards com
plete internalisation of a social and environmental input. 
It is necessary to take decisive steps aiming at the disso
ciation of the growth of transport flows from the growth 
ofGDP, particularly in redistribution of transport modes, 
i.e. employing more railways, water and public trans
port. It is necessary to gradually change the transport 
charges by the more efficient means integrating expenses 
related to infrastructure, and external costs. These means 
firstly comprise the infrastructure users' tax, which is a 
particularly efficient measure for the management of traf
fic jams and for the reduction of environmental impact, 
and, secondly, - taxes for fuel, that enable the control of 
carbon dioxide emission. 

The main principle of the collection of a tax for in
frastructure use is that the tax has to cover not only the 
costs related to the infrastructure, hut also to the external 
costs, related to roads accidents, air pollution, noise emis
sion and congestion. This concerns all transport modes 
and all consumers' categories, both private and commer
cial. 

torments experienced by others) 
Uncovered environmental safety costs (i.e. 
noise paid by others) 
Delays/time consumption costs which are paid 
by others 

General input should be better reflected in the struc
ture of costs. Regarding the abundance oflegal acts con
cerning this issue, as well as the risk of competition varia
tion, it is necessary to implement a system defining tax 
payment for the infrastructure of all transport modes. 

Table 2 demonstrates the indices of input of heavy 
vehicles moving in an open country with the speed of 
100 km/h on a highway at non-peak hours. The presented 
numbers show the input related to the air pollution (costs 
related to health and harvest damages), climate changes 
(floods and harvest damages), infrastructure, noise emis
swn. 

The foreseen measures should decrease the breach 
between costs and taxes. For instance, gradual tighten
ing of standards for vehicles gas emission should reduce 
air pollution. Price determination related to real costs 
arising from different types of engines, congestion and 
other external factors, shall not mean that the taxes will 
increase to all actors. The taxes will be higher in the places 
with more intensive traffic if compared with less devel
oped regions. 

It is most important to alter not a general level of 
taxes, but to change their structure that should be radi
cally transformed so that external and infrastructure costs 
were integrated into the transport price. 

3. Evaluation System of Social Subsequences and 
Environmental Impact of Transport Services 

Regarding the external costs it may be stated that 
external costs depend on the intensity of road traffic - the 

Table 2. External and infrastructure costs (200 1) of a heavy vehicle moving on a motorway at l OOkm/h under the conditions 
of non-intensive traffic 

External and infrastructure costs Average (Euro) 
Air pollution 2,3-1,5 
Climate changes 0,2-1,54 
Infrastructure 2,1-3,3 
Noise emission 0,7-4 
Road accidents 0,2-2,6 
Congestion 2,7-9,3 
General 8-36 
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higher traffic, the higher external costs. Five areas are de
fined where road traffic increases external costs: air pollu
tion, noise emission, accidents, use of land, road infra
structure. Air pollution and vehicles make an impact not 
only on the flora and fauna, people's health, but also on 
buildings, constructions, on water and soil, as well as on 
climate changes. Noise impacts the comfort of home as 
well as industry/production. For noise reduction additional 
funds are necessary for purchasing and installation of noise 
reducing insulation materials. Noise emission also makes 
a negative impact on recreation and tourism as well as on 
public health conditions. People do not wish to live in hotels 
or houses situated close to railway or bus stations and air
ports. Prices of flats and hotels situated near such objects 
are comparatively low. Accidents exercise not only a nega
tive impact on public health condition - the society suf
fers material losses caused by road accidents. For instance, 
the overturn of a vehicle with dangerous goods causes a 
spill ofhazardous materials. Use ofland also makes a nega
tive impact on soil as well as on general landscape. With 
the growth of road traffic the road infrastructure gets over
loaded. This fact is responsible for the costs of traffic jams. 
Increased traffic also increases the uncovered infrastruc
ture costs. 

If a transport user pays for the resources of use (e.g. 
use of energy and infrastructure), these costs may be con
sidered as internal costs. If a transport user makes an 
impact on the welfare of others (e.g. by polluting the air) 
without paying for that, then for others such costs be
come external costs. There is a clear relation to the prin
ciple "polluter pays", when the costs for pollution have 
to be covered. The fact that solutions in the market 
economy depend very much on market prices has par
ticular importance to external transpmt costs. Therefore 
pricing based on full social expenses is the principal ele-

Table 3. Constituents of costs of transport sectors 

ment of an effective and sustainable transport system. 
Table 3 demonstrates constituent parts of costs of 

all transport modes. Regardless of different technologies 
it is possible to compare three categories by defining them 
as: infrastructure costs, users activity costs (users mon
etary and users travel time costs), carriers activity costs 
and social costs. 

The formula is applied with the aim to develop the 
Ferrari's transport costs definition model. It would be 
expedient to develop this model and to apply it for the 
detennination of transport prices in bigger Lithuanian 
towns, such as: Vilnius, Kaunas, Klaipeda. According to 
the formula of costs determination, a transport enterprise 
has the costs of peak and non-peak services activity, the 
costs of changing a ce1tain route or route service activity 
and the indicated route costs (including the wear of ve
hicles and buildings). The costs of peak and non-peak 
time supply information for detern1ination of the peak 
and non-peak time tariffs. Information on the costs of 
activity is necessary for the definition of the activity defi
cit, the standards of tariffs and for the evaluation of 
changes proposed in a certain route service. While the 
distributed costs may be used for the evaluation of the 
capital used by a transport enterprise. 

It is purposeful to calculate the costs of transport 
enterprise in bigger Lithuanian towns according to the 
following formula: 

(1) 

where: FC;1 -fully distributed costs for the i-th route at 
the t time period; C1m - average costs of the system
related peak time vehicle km (1 identifies a peak time 
period); M 1ir -services delivered by the vehicle km at 

Infrastructure costs - costs of land, capital, management, road signs maintenance 
Road Users costs- costs of vehicle ownership and activities, costs of time 
transport Carrier's costs 

External costs - costs of air pollution, noise, safety, traffic jams 
Costs of aviation system: capital and management costs 

Air 
Airport costs- costs of land, capital, maintenance, activities 

transport 
Carrier's costs 
User's costs - costs of time- time consumption 
External costs- costs of air pollution, noise emission, safety, traffic jams 
Infrastructure costs- costs of land, railway capital, management and maintenance costs 

Railway 
Rolling stock fleet costs- costs of capital, activities, maintenance 
User's costs- time costs- time consumption transport 
Carrier's costs 
External costs- costs of air pollution, noise emission, safety, traffic jams 

Infrastructure costs- capital, management costs 

Maritime 
Port costs- costs of land, capital, maintenance costs, activities costs 

transport 
Carrier's costs 
User's costs - costs of time - time consumption 
External costs - costs of air pollution, noise emission, safety 
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the peak time for the i-th route at the time period of t ; 
where C2111 - average system-related non peak time 
vehicle km costs (2 identifies a non-peak time period); 
M 2it -non-peak time vehicles services delivered at the 
i-th route km at the time period of t; Clp- average 
system-related costs of peak time passengers; ~it -peak 
time passengers transported by the i-th route at the t 
period of time; C2p -average system-related costs of 
non-peak time passengers; P2it -passengers of non-peak 
time transported by the i-th routes at the t time period; 
fJic -ratio (or fraction) of additional non capital costs 
of enterprise suffered at the i-th route on the peak time 
of service; C NCt -general non capital costs of enterprise 
during the time period t; hie - ratio of enterprise's 
additional non-capital costs (fraction), obtained at the i

th route t non-peak time of service; f{j -ratio (or 
fraction) of enterprise's capital costs derived at the i-th 
route at the peak time of service; C Ct -general additional 
capital costs of enterprise during the period t ; j{; -
ratio (fraction) of additional costs of enterprise capital 
which suffered at the i-th route at non-peak time of 
services. 

The present system of charges of different transport 
modes in the EU countries does not induce the further 
efficiency and strengthening of the European transport 
system. Charges/taxes paid by road users significantly 
exceed the infrastructure costs. The average of road costs 
makes 1 % of GDP of the EU. Total revenues from road 
users (customs duties, vehicle tax and fuel dues) equal2 
% of GDP of the EU. Average level of costs covered in 
European railways reaches 56 %. Coverage of railway 
costs is under research because the ratio of their correc
tion is not clear regarding the public services of railways. 
Transport charges/taxes should be precisely related to the 
coverage of infrastructure costs and to the external costs. 
To build or not to build an airport, seaport, road or rail
way infrastructure - this decision rests on the balance 
between all social costs and the increase of income. In
frastructure costs that are not covered have to be included 
into the transport price. 

Social costs of traffic jams. With the development 
of the sector of new transport modes and the reduction of 
congestion in towns, there is a system of identification of 
taxation for use of urban infrastructure (e.g. parking fee). 

Delays are caused when: 
a bridge is closed (its portentous condition) and the 
route has to be by-passed; 
a bridge is under repair and reconstruction, which 
causes traffic restriction. 
The economy of losses of time/time consumption 

value for the bridge is calculated as follows: 

LS = E/xGxVK; (2) 

EI -traffic intensity (vehicle/hour); G- delay (vehicle); 
VK -average price of traffic flow (LTL/h): 

G 
4(Lo -a) Lv +2a 2L0 +Lv 

= + p+t (3) 
v0 -v1 v1 v0 

L0 - distance (km) from the bridge to the sign indicating 
the need to slow down speed; Lv- the above and below 
length (km) of bridge (viaduct); v0 - speed of vehicle 
(km/h), when bridge is not closed; v1 - speed of vehicle 
(km/h), when traffic goes on the bridge; a- distance on 
both sides of bridge; p- coefficient; (when at the stretch 
(Lv + 2a) there is one traffic lane p = 2 , when two lanes 
- p = 1 ); t- interference with traffic (h), caused by the 
vehicle shifting traffic lanes. 

The average price of traffic flow is calculated as 
follows: 

(4) 

ai -24 hours traffic intensity, vehicles per day; bi -time 
value of vehicles, LTL/h. 

Road users' losses caused by traffic hindrances dur
ing the time of work are calculated by the following for
mula: 

Q = (Lxt P + 3 )x Elxqx Llilv; (5) 

Q - road users' losses caused by the traffic hindrances 
during the surface handling installation work, LTL; L -
length of road stretch, km; t P + 3 -average term of speed 
limitation on the object (basing on experience of regional 
enterprises), the tirrie duration of simple surface handling 
work in 1 km stretch of the road - 1 ,3 3 of 24 hours, that 
of handling with levelling layer- 2,33 of 24 hours, plus 
3 more days for the speed limitation signs staying in place; 
EI - average yearly vehicles traffic intensity per 24 
hours, vehicles per 24 hours; q -average price of 1 hour 
of vehicle delay time q = 14,52 LTL/h; ilv - average 
slow down of vehicles' flow caused by speed limitation 
applied during the repair time. 

The delay of standing and waiting may be calcu
lated by the method of modelling of traffic flows on road 
crossing. The method is based on the distribution model 
ofPuason, which is used for forecasting of random inci
dents at a certain time period. In this case an incident is 
the vehicles passing through the road crossing. 

Puason's distribution is expressed by the following 
function: 

p(mi'A)= P(X = m!A)= e-1A.Jm; (6) 

m - the number of incidents at a certain period of time; 
'A- average intensity of traffic of the investigated 
direction during a certain period of time. 

Modelling is applied in two cases: at peak hours (6 
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hours per 24 hours) and at non-peak hours. During the 
modelling the moments of passing the road crossing in 
different directions are detennined in line with the re
quirements of road traffic rules and, after the evaluation 
of queuing, the delays are calculated. Time value should 
be recalculated every three years. 

Evaluation of noise emission costs. Traffic noise 
causes health problems. Noise interferes with mental 
activities. According to the World Health Organisation 
the noise emitted by transport is able to cause serious 
discomfort, as well as speech inhibition, high blood pres
sure, impact sleep, a stress. Road traffic is the greatest 
source of noise. Traffic noise causes problems at home, 
at work place, at school as well as in recreation areas. 
Therefore the improvement of transport means technol
ogy may be one of the ways towards the reduction of 
road traffic noise. The improvement of transport means 
technology and better planning of infrastructure plays a 
very important role in the reduction of noise emission. 
Producers of all transport means/vehicles make vast re
search into the reduction of noise (engine/tyre noise). 
However even such a measure as lowered speed limits 
will have small-scale int1uence if the road traffic and 
pmiicularly that of heavy transport vehicles is not con
stantly perfected. 

Economic evaluation of the negative impact of 
noise. Negative impact of noise exercised on human be
ings is evaluated on the basis of provisional typical meth
odology. The evaluation is made of the noise emission 
sources, as well as of the spread of noise over a territory 
and of the level of noise isolated by the window. This 
may be differentiated according to habitable or cultural 
and domestic purpose premises. 

Losses of people living in the acoustic discomfmi 
zone are identified according to the following fonnula: 

(7) 

where B( I) -losses in LTL per capita per year regarding 
the noise level of premises in day time; N g (l) -number 
of inhabitants in the relevant zone at day. 

Losses in LTL per capita per year regarding the noise 
level of premises, Ld are found out by the following: 

B(l) =lOx (0,03xLd) -5,3. (8) 

If the night transport t1ows were investigated, the 
losses caused by the noise at night-time would be identi
fied. 

Costs of transport accidents. There are great pub
lic regulation efforts aiming at the reduction of risks of 
accidents, irrespective of a model. Road transport acci
dent rates receive the most attention, if compared with 
other transport modes. Risk of accidents and their costs 
depend on many factors, such as: indices of transpmi 
means, road type, driver's characteristics, driver's 
behaviour, speed of vehicle, kilometres covered, traffic 

conditions, weather conditions. 
Such costs of accidents are important for the policy 

of pricing, which are not covered by vehicle insurance 
premium, i.e. by a share of costs for hospital, production 
losses, loss of life. A great share of costs of accidents is 
already evaluated, however for defining external costs it 
would be purposeful to introduce measures promoting 
the decrease of accidents. 

The main costs caused by accidents are the follow
ing: medical costs (e.g. hospital); costs of losses of pro
duction; material costs (e.g. vehicle repair costs); trans
portation costs (police, fire brigade, legal administration); 
insurance costs (vehicle, road, driver's education, etc.); 
non-material danger (personal grieffor relatives, friends); 
costs caused by casualties or injuries of persons. In many 
countries a significant share of these costs is precisely 
defined and, directly or non-directly, it is reimbursed by 
those related to the accidents. Material costs are covered 
by vehicle insurance or directly by the owner. Insurance 
costs are reimbursed either by the owner of the vehicle 
or by the state (including infrastructure costs). Medical 
costs are covered by vehicle insurance. The remaining 
share of medical costs and components of other costs is 
considered as external costs. They are allocated/distrib
uted for traffic accidents. Following the present evalua
tion made by Dutchmen, a share of external costs in the 
context of common costs of accidents (including non
mateiial danger) ranges between 15 % and 25 %. 

Costs of transport air pollution. Irrational use of 
natural resources, destruction of ecological balance may 
cause crucial changes in the habitation areas of human 
beings. There is no more activity of economy left that 
would not cause ecological subsequences. From the en
vironmental point of view the contradiction between 
human beings and the nature grows and causes more and 
more problems - local as well as global. Therefore in
dustrialists, politicians and citizens have consolidated 
their efforts seeking to retain our environment intact. 
These processes take place in the perspective of possible 
dramatical consequences and ce1iain negative changes 
may impact our economy, which would cause the lower
ing of social life standards. Many industrial countries 
managed to reach a number of significant achievements 
in the reduction of environmental pollution. It is gener
ally important to maintain the desirable environmental 
standards. One must admit that a great amount of efforts 
put for the reduction of environmental pollution is des
tined to the conection of former environmental mistakes. 
However, in the mass it is very important to retain the 
desirable quality ofthe environment [28-31]. 

Transport impact on the environment is evaluated 
by 4 stages. In the first stage the transport emission is 
calculated and the driving conditions are evaluated, also 
the types of vehicles are determined by the fuel used (die
sel or petrol). In the second stage the concentration in 
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local or regional zones is identified. In the third stage the 
transport impact is evaluated, i.e. acute and chronic ill
nesses, attacks of asthma, taxes for hospitals and dam
age of production. In the fourth stage the costs of harm 
exercised by transport are evaluated. 

Economic evaluation of the negative impact of gas 
emission. Losses of economy, which are caused by the 
environmental pollution by gas emission are expressed 
in monetary terms regarding urban zones and are defined 
by the formula: 

RUSH = (VCO x YCO + VCH x YCH + VNO x YNO + VSO x YSO + 

VTCxiTC+ VPBxYPB+ 

VBZPxYBZP)xAKZ(JPT)x/KPR; (9) 

where VCO -amount of exhausted pollution CO, kg/h; 
YCO- losses, LTL/t.; AKZ - multiplier for territory 
evaluation; JKPR -multiplier for evaluation of a street 
type. 

At present in Lithuania the only existing regulation 
means of mobile pollution consists of fuel quality stan
dards, vehicle pollution control programme (technical 
vehicles inspections and random road-side checks of gas 
emission), as well as customs duties for imported ve
hicles. In Lithuania the fuel standards in force are nearly 
adequate to the standards defined by the EU. The excise 
duty is not differentiated for fuels of different qualities. 
Most often in other countries the fuel tax is differenti
ated for leaded petrol and non-leaded petrol. Other regu
lation means existing in Lithuania are: pollution exhaust 
tests during the technical maintenance inspection of ve
hicles and fixed standards of exhaust. These fixed stan
dards of pollution in exhausted gas are checked every 
two years during the technical maintenance inspection 
of vehicles. Whereas vehicles are not produced in 
Lithuania, it is more important to control pollution dur
ing operation and to ensure the conformity of imported 
vehicles to the EU type approval of the date of their mak
mg. 

4. Application of the EU External Costs Evaluation 
Practice in Lithuania 

Fuel quality is an important factor of pollution re
duction. In the European Union there are in force the 
legal acts comprising only those fuel components, which 
have an impact on air pollution emission (lead and sul
phur combinations). In some EU member countries the 
supplementary legal requirements are in force for differ
ent fuel characteristics, but in most countries other indi
ces are regulated by the market. Oil refining companies 
interested in forming a positive public image strive to 
ensure a good quality of fuel. 

While products are submitted to the market, besides 

the guaranty of quality their samples are analysed, their 
specific, legally regulated parameters are checked (if an 
oil refinery is in a EU country, the product is tested at 
once, in other cases - while importing). These legal re
quirements are applied to the products reaching the mar
ket. Whereas the system of quality standards controls the 
production processes. The legal basis for these require
ments consists of the EU quality standards regulating the 
share of lead and sulphur combinations in fuel. 

'Quality standards of oil products' are very impor
tant for the preventive regulation of transport and energy 
emissions. The standards limit the quantities of sulphur, 
lead, aromatic hydrocarbon substances. The standards 
meet the EU requirements. 

In the course of the implementation of pollution re
duction policy and the implementation ofthe EU require
ments, since 1 January 1998 by the Decree of the Minis
try of Economy obligatory indices of fuel quality have 
been determined for the petrol and diesel fuel used in the 
country. The use of leaded gasoline was also prohibited. 
The rate of sulphur in diesel fuel is determined not to 
exceed 0,05%. 

For ships carrying hazardous and dangerous goods 
(liquid or packed up) supplementary requirements are 
defined by the Klaipeda State Seaport shipping and 
Butinge Terminal shipping rules/regulations. 

All environmental safety methods may be divided 
into the methods of direct control and economical meth
ods. Methods of direct control are based on the applica
tion of administrative-legal measures (environmental 
quality standards, limitations, prohibitions, permissions). 

The advantages of administrative methods are in 
their transparency, clearness and easy application. How
ever they are not flexible and not economically effective 
from the public point of view. But the most important 
fact is that they do not meet the requirements of the prin
ciple of equivalence. Such regulation often locks fu1ther 
technical development towards the non-polluting tech
nologies, because companies do not have incentives for 
exceeding the defined control tasks based on existing 
standards and existing technologies. This is particularly 
characteristic of all countries with the authoritarian type 
of economy. 

Economic measures may be divided into: ecologi
cal taxes, selling of permissions for pollution, ecological 
insurance, application of pricing mechanisms, subsidies, 
tax exemptions, policy of credits, compensation for suf
fered damages, systems of returning deposits, customs 
duties, fmes. 

It is important to define further trends of transport 
pollution reduction. The main trends of transport pollu
tion reduction are the following: the preparation of plans 
of measures for saving energy of all transport modes; the 
development of urban public transport and trolley-buses 
in particular; further electrification of Lithuanian rail-
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ways; the development of biotransport in Lithuania; the 
establishment of a certification centre for certification of 
vehicles and their strategic parts as well as their opera
tion; the creation of the liquid fuels quality management 
system; the preparation of transport standards meeting 
the standard requirements of the European Union and 
ensuring of their implementation. 

Traffic jams cause public problems. Growing 
amounts of vehicles increase this problem in Lithuania. 
In London, for the solution of the problem of traffic jams, 
the town is divided into several zones. According to this 
division it is most expensive to drive in the central zone 
of London. In the central zone the prices of public trans
port tickets are the highest. Therefore, seeking to solve 
the problem of traffic jams in Vilnius, Kaunas and 
IUaipeda it is necessary to: 

1. divide the town into zones; 
2. introduce in public transport the peak and non-

peak time tariff. 
Tariffs of peak p1icing would enable: 
1. the reduction of traffic jams; 
2. saving of money for low-income people. 
The promotion of bicycles in Lithuania is in line 

with the European Union policy: 
It helps to reduce the emissions of C02 and other 
ham1ful mate1ials. 
It is in line with the requirements set in the Euro
pean Commission's 'Green Paper' dedicated to 
strengthening of citizens' role in the EU institutional 
structures. The requirements are the following: 
to guaranty free movement of European inhabitants 
regarding the economic, social and ecological fac
tors; 
to reach better macroeconomic results by saving 
funds in the field of public health; 
to reduce investments into transport infrastructure 

and its operation; 
to avoid additional costs caused by a long-term nega
tive environmental impact. 
In the Lithuanian strategy of environmental safety 

in the field of air safety the objective to 'reduce pollu
tion by transport emitted gases' is defined. The reduc
tion of pollution from mobile sources should lead to the 
use of vehicles meeting the EU standards. It should go 
together with the implementation of traffic flows regula
tion system and other measures of pollution reduction. 
The following principal priorities should be observed in 
a transport sector: 

Gradual progress towards the use of fuels meeting 
the EU requirements; 
Creation of independent national control system of 
fuel quality; 
Implementation of emitted gases neutralisation sys
tem; 
Promotion of the use of alternative fuels, etc. 

Transport is responsible for the main share of urban 
noise. Transport noise causes discomfort not only for 
inhabitants, but for workers of various institutions and 
enterprises as well. Noise causes discomfort to small 
children, school children, especially in training and edu
cational areas and in recreation zones. Standards of noise 
rate in Lithuania slightly differ from those of the EU. 
Contrary to the EU, where the noise emission from envi
ronment is restricted, in Lithuania the rate of noise is 
determined by the highest permissible noise in living 
qua1ters or in working sunoundings. Noise makes a di
rect impact on human health and on the quality of habit
able and recreation areas. A particularly high negative 
impact on environment is exercised by transport as a 
dynamic source of noise. Physical noise parameters con
sist of the intensity of noise source (dB), frequency spectre 
of noise source (Hz), noise spread in the tenitory, noise 
reflections basing on the laws of construction, physics 
and acoustics. A negative impact of noise reveals itself 
by the decrease of hearing ability (in the case of long 
exposure to pem1anent noise source). A human ear re
acts differently towards noise sources of different fre
quencies. Principal noise sources are the flows of road 
transpmt in streets. In certain cases they generate up to 
80-82 % of a general noise level in urban territories. 
Transport flows are dynamic noise sources. They practi
cally make a negative impact on all urban tenitories: 
dwelling-places, hospitals, sanatoriums, recreational 
zones, urban centres, as well as on communal and indus
trial tenitories. 

For the evaluation of external transport costs in 
Lithuania a method of multicriteria] analysis was offered. 
One of the most important stages ofmulticriterial analy
sis consists of defining alternative qualifying meanings 
and significance of the criteria. After the calculation of 
meanings and significance of the criteria and by the ap
plication of methods ofmulticriterial analysis, the prior
ity of compared variants, their efficiency level and value 
are determined. Calculations are performed with the at
titude towards the positions of the state and the canier. 
The aim of calculations is to dete1mine the variant more 
properly in regard to the canier and the state - external 
costs covered by the state and external costs not covered 
by the state. The selection of the best variant was analysed 
from the point of view of state and a canier. Two vari
ants were taken: when the state covers the external trans
port expenses and, when the state does not cover them. 
The variants were evaluated according to the further pre
sented quantitative and qualitative c1iteria. Aiming at the 
identification of evaluations and the significance of the 
criteria a questionnaire of experts was employed. Basing 
on the summed up results of the experts' questionnaire 
the significance of every criterion was defined. The 
mechanism of multicriteria! complex proportional evalu
ation of integration of external costs into the transporta-
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tion price in the road transport regarding the carrier and 
the state is presented. The results of the questionnaire 
poll of experts were processed and analysed. After the 
calculations of significance indices the level of priority 
and efficiency was identified. From the carrier's point of 
view it is more useful for the carrier when external costs 
of transport are covered by the state, i.e. in such case the 
efficiency level equals to 100%. Regarding the carrier 
the efficiency level is sufficiently low when external costs 
of transport are not covered by the state and it reaches 
56,34 %. Comparing the variants from the state's point 
of view, when the state covers or does not cover external 
costs of transport, the priority is given to such variant 
when the state does not cover external expenses of trans
port. Comparing both views - that of the state and that 
of the carrier - it is possible to maintain that from the 
point of view of the state, when the state does not cover 
external costs of transport, it approaches to the pricing 
of social marginal transport costs. 

With a view of integration of external costs into the 
transport price, when the monetary value of such costs is 
not known, the crite1ia may be defined and the evalua
tion is made of the efficiency of this or that tax. 

Multicriteria! evaluation may be performed with the 
aim of evaluation whether it would be useful to intro
duce a tax for the use of one or other road. Multicriteria! 
analysis is an efficient method of presenting the data 
having qualitative or quantitative infonnation. Multi
criteria! analysis of external cost evaluation variants was 
performed in the following stages: 

Questionnaire poll and forming of data base; 
Identification of the nomenclature, meanings and 
significance of qualitative characteristics; 
Making alternative variants of evaluation of exter
nal costs; 
Identification of significance of criteria; 
Multicriteria! analysis of variants of evaluation of 
external costs; 
Summary of the results. 

Description of criteria 
1. Introduction of noise reduction tax. It is a cri-

terion introduced for the reduction of traffic noise. Its 
purpose is to enlarge funds for purchasing noise control 
means, such as road isolation. Noise caused by transport 
may be reduced by the following means: traffic regula
tion, planning of road infrastructure, distance from in
habited areas, designing of roads in cuttings, bulwarks, 
noise isolation walls, windows insulation. 

2. Costs of reduction of accidents. Costs of acci
dents include the whole number of costs, such as: medi
cal, loss of production, materials, transpmtation, insur
ance, non-material dangers, personal losses and injures. 

3. Covering of uncovered infrastructure costs. 
This criterion demonstrates that for covering of these 
costs it is necessary to relate them to the covering of in
frastructure costs. 

4. Air pollution costs. External costs of transpmt 
pollution have to be based on the air pollution emission. 
It is done by defming charges which are directly based 
on em1ss1on. 

5. Costs of traffic jams. Aiming at their reduction 
it is necessary to introduce the tax for traffic jams. There 
are many measures restricting traffic jams, such as re
strictions of vehicles parking, public transport subsidies, 
decisions on land use aiming at fighting jams. 

6. Transportation price per 1 passenger km. It 
shows the cost oftranspmtation of a passenger by 1 km. 

7. Traffic jams charges/taxes. Introduction of the 
traffic jams charges/taxes would increase the price of 
public transport ticket at peak hours, and would decrease 
it at non-peak time. 

Tables 4-7 demonstrate the results obtained by the 
application of the method of multicriteria! analysis. The 
results obtained demonstrate that the integration of ex
ternal costs into the transportation price, when the costs 
are not covered, proves to be 10,89 %more efficient from 
the point of view of the state. The multicriteria! analysis 
enables the solution of numerous problems. This research 
deals with the calculations considering not only the po
sition of the state, but regarding the position of the car
rier as well. 

Table 4. Increase of transportation price determined by the intemalisation of external costs in regard to the carrier 
-

Title of criterion . 
Measure Significance of Not covered by state Covered by state criterion 

Noise reduction tax - Points 0,3 5 7 
Reduction of accidents + Points 0,1 7 9 
Not covered costs of 
infrastructure + Points 0,1 7 8 
Costs of air pollution - Points 0,3 8 9 
Costs of traffic jams - Points 0,2 6 7 
Transportation costs for I 
km + LTUkm I 0,12 0,14 
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'fable 5. Multicriteria! analysis of alternatives in regard to the carrier. 

Criterion of 
Compared variants 

Criteria analysed . Measure Not covered by the significance 
state 

Covered by the state 

Noise reduction tax ~ Points 0,3 0,1250 0,1750 
Reduction of accidents + Points 0,1 0,0438 0,0563 
Non covered 
infrastructure costs + Points 0,1 0,0467 0,0533 
Air pollution costs ~ Points 0,3 0,1412 0,1588 
Traffic jams costs ~ Points 0,2 0,0923 0,1077 
Transportation costs for 
lkm + LTUkm 1 0,4615 0,5385 

Sum of maximising normalised evaluated indices s+i 0,5520 0,6481 

Sum of minimising normalised evaluated indices S _ 1 0,9105 0,4415 

Significance Q; 0,8785 1,5594 

Priority II I 
Efficiency degree N 1 56,34% 100% 

Table 6. Growth of transportation costs determined by the intemalisation of external costs regarding the state 

Title of criterion 
. 

Measure 
Significance of the 

Covered by state Non-covered by state 
criterion 

Noise reduction tax + Points 0,3 7 9 
Reduction of accidents ~ Points 0,2 8 9 
Coverage of non-covered 
infrastructure costs + Points 0,3 7 8 
Air pollution costs ~ Points 0,1 9 7 
Traffic jams charges + Points 0,1 6 9 
Transportation costs per I 
km + LTL/km I 0,13 0,14 

Table 7. Multicriteria! analysis of alternatives in regard to the state 

Criterion of 
Compared variants 

Criteria analysed ' Measure Non-covered by 
significance Covered by state state 

Noise reduction tax + Points 0,3 0,1313 0,1688 

Reduction of accidents - Points 0,2 0,0941 0,1059 

Coverage of uncovered 
infrastructure costs + Points 0,3 0,14 0,16 

Air pollution costs - Points 0,1 0,0563 0,0438 

Traffic jams charge + Points 0,1 0,04 0,06 

Transportation costs per I 
km + LTL/km 1 0,4815 0,5185 

Sum of maximising normalised evaluated indices S+ 1 0,7928 0,9073 

Sum of minimising normalised evaluated indices S_i 0,1504 0,1497 

Significance Q 1 0,9424 1,0576 

Priority II I 

Efficiency degree N i 89,11 % 100% 

* Mark + (-) shows that a relatively higher (lower) meaning of the criterion is more relevant to the 
carrier's requirements. 
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5. Conclusions 

1. The inclusion of marginal external costs of trans
port into the prices of transport services will enable more 
precise assessment of national revenues generated in 
transport sector. 

2. The application of the systematic method and 
multicriteria! complex evaluation method and the inclu
sion of external costs into the price of transport services 
allows: 

a) more objective setting of national budget; 
b) a carrier to look for more economic ways for the 

reduction of prices of transport services, which will im
prove not only carriers' financial indices, but will also 
allow him to last under heavy conditions of the market 
and competence. 

3. In the course of integration of external costs of 
transport services into the pricing of transport, the exter
nal costs become internal costs and in the carrier's ac
counts of costs all social marginal costs of transport are 
reflected. 

4. It would be expedient to apply the principle of 
marginal costs for the improvement of the determination 
of transportation price, which would allow to reflect the 
costs of social subsequences in the price. 

5. The inclusion of external costs into the pricing 
of transportation on the one hand would increase the price 
of such a service, however on the other hand it would 
induce the carrier to search for possibilities to reduce 
these costs: 

5.1. To improve environmental quality (by the in
troduction of customs duties for imported old cars); 

5.2. to reduce traffic jams (applying the Ferrari 
model of price definition, it is necessary to specify the 
price of transport services and to introduce appropriate 
peale time charge); 

5.3. after the introduction of noise charges the noise 
rate will decrease; 

5.4. after the introduction of infrastructure charges 
for the use of railway infrastructure the funds will be 
found for the improvement and development of railway 
infrastructure; 

5.5. the losses caused by accidents being included 
into the road, railway, water, air transport infrastructure 
charges the uncovered costs of accidents will gradually 
decrease. 
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