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EXTERNALITIES IN TRANSPORT PROJECTS
- IDENTIFICATION AND VALUATION

T ran sp o rt projects are extrem ely tim e and capital consum ing. H ence, valuing their effects
on the econom y has to be regarded as an issue of significant im portance. However, impacts o f
transport projects arc often perceived as difficult or even im possible to identify and appraise.
In the p ap er, llie author identifies the im pacts o f transport projects, and presents methods and
techniques o f their valuation within cost-bcnefit analysis.
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INTRODUCTION
The m ain goal of the paper is the description of external effects in transport
projects and methods of their valuation. In the first section, transport projects
and approaches to their analysis are synthetically presented. Subsequently,
the idea o f externalities and methods of putting money on them are described.
Next, transport externalities and their valuation are accommodated. Finally, the
current state of analyzing externalities of road projects in Poland is addressed.
T he comprehension and im portance of externalities in transport projects
has undergone significant changes. Externalities becom e subject of interests
of econom ists as long ago as in the 1950s, when the main importance was
attached to so-called “pecuniary externalities” (transferred through the
market mechanism). Between 1960s and 1980s, interests in the issue of
external effects has decreased, in the wake of difficulties in measuring them,
which was correlated with view s that, in most cases, their influence on
projects’ social profitability is negligible. Subsequently, from the 1980s until
now, the importance of real externalities has grown. Nowadays, most
im portant are environmental effects. As the consciousness of sustainable
developm ent has grown, econom ists, answering to current problems, have
developed many sophisticated methods of valuating environmental
externalities. Accordingly, m any effects which used to be regarded as
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im possible to evaluate have becom e quantifiable. How ever, still not all
effects are really measurable. In such cases cost effectiveness or multi
criteria analysis should be conducted.

1. TRANSPORT PROJECTS AND THEIR VALUATION
Transport projects can be divided into those which provide transport
services (usually on a commercial basis, i.e. people are charged for projects’
outputs), and infrastructure projects (in most cases delivered free of charge).
The latter constitutes a crucial and is the most costly component of any
transport system (Potts 2002, p. 181).
Transport projects are intended to improve the economic and social
w elfare o f people. Their main objective is the developm ent of the transport
system, and consequently a reduction of the time and energy spent on - and thus
the cost of - travel and the transport of goods. In other words, transport projects
lead to improvement of people’s access to resources, other people, goods,
opportunities, markets and services. Thus, an efficient and effective transport
system is regarded as a precondition of economic growth (Seddon 2002, p. 1).
H ow ever, next to their direct positive effects, transport projects cause
negative consequences to the users, as well as non-users. New infrastructure
projects can induce, for instance, development in regions lagging behind, but
on the other hand, the same project can impinge on people’s health and harm
the natural environment in the region.
Before embarking on im plem enting specific transport project(s), surveys
and analysis should be conducted. First, a national survey, whereby the
overall country’s transportation needs are established. Second, a detailed
survey of the existing transport systems and policies, in order to identify existing
shortcomings and the desired set of complementing projects. Eventually, an
analysis of a specific single project or a few closely interrelated projects, to
determine the most effective projects alternatives (Adler 1987, p. 6, 7).
There are three comprehensive methods of evaluating transport projects
(Shiftan, De Jong, Simmonds, Hakkert, Ben-Akiva 2001, p. 3):
• Cost-benefit analysis (C B A ) - project’s costs and benefits are
expressed in monetary terms to establish which project alternative is most
profitable from an investor’s (financial CBA) or society’s (economic CBA)
point of view;
• Cost effectiveness analysis (CEA) - the costs of the project are valued
in money, while benefits are stated in their natural m easures; consequently,

the project alternatives that m inim ize costs guaranteeing the same benefits, or
m axim izing the effect generating the same costs are chosen.
•
M ulticriteria analysis (M CA) - costs and benefits are expressed in
various dimensions, next, w eights to these dimensions are assigned, and the
alternative which gets the highest weighted mark is chosen.
F urth er discussions apply to a cost-benefit analysis, whereby all the
projects’ costs and benefits are to be established and expressed in monetary
terms. T h e identification and valuation of transport projects is a tricky task.
M any transport project outputs are regarded as public goods, which are
characterized by two main features: non-rivalry in consum ption and non
excludability in consumption (Perkins 1994, p. 272). Transport effects are
also described as various, dispersed among a great num ber of different
people, scattered across a large area and stretched in tim e. Moreover, as it is
virtually impossible to exclude people from using public goods, it is difficult
to charge for their utilization. H ence, there are no m arkets and consequently
no m arket prices for many effects, generated by transport projects. Last but
not least, owing to spatial and tim e dispersion, it is difficult to distinguish
between the primary and external effects of the transport project. All this
characteristics make it extrem ely difficult to precisely identify and quantify
the external effects of transport.

2. EXTERNALITIES DEFINED
In m any cases, an investm ent project affects not only those who directly
acquire its outputs or supply its inputs. The influence of projects often
spreads over various economic agents, causing positive o r negative effects to
them, w hich is not accom panied by proper charges or compensations,
respectively. These indirect (secondary, external, spillover, neighborhood)
effects are called externalities and are taken into account while analyzing
project profitability from society’s point of view.
V arious definitions of externalities have been perceived. This may cause
some confusion as it comes to understanding and consequently identification
of externalities. Therefore, a set o f definitions is presented below.
T he issue of externalities w as addressed by w elfare economists as long
ago as in the beginning of the tw entieth century. Pigou, for instance, defines
externalities as a “difference between marginal private and social net
product” , explaining that “the source of the general divergences between
values o f marginal social and m arginal private net product [...] is the fact

that in som e occupations, a part o f the product of unit resources consists of
som ething, which instead of being sold by the investor, is transferred, without
gain or loss to him, for the benefit or damage to people.” (Pigou 1929, p. 176).
A ccording to Mcadc, external economies (diseconom ies) exist where
“w hat is done in one industry reacts upon the conditions o f production in the
other industry in some way other than through the possible effect upon
prices o f the products or of the factors in that other industry” (Meade 1952).
(1) xi = F |(11 ,C|; l2,c2,x2)
(2) x2 = F 2(12,c2; 11*ci,xi)
where:

F|,F2 - production functions of firms operating in industries 1 and 2, respectively
xi,x2 - outputs of industries 1, 2, respectively
1|,12,C |,C 2 - production factors in both industries
T he above definitions place an emphasis on the divergence between the
m arketed and nonmarketed effects of the project. The latter are regarded as
externalities. To put it another way, those resources used (produced) by a
project, for which an investor does not pay (appropriates benefits) stand for
externalities. This point of view is based on static’by its nature equilibrium
theory, according to which every economic influence of an agent (agents) on
other ag en t’s (agents’) w elfare is realized through m arket mechanism.
How ever, if next to the m arket mechanism, there is direct, non-market
interdependence among econom ic agents, the latter causes a divergence
between social and private benefits, and consequently, is called an
externality.
A broader concept of externalities has emerged on the basis of the theory
of industrialization in underdeveloped countries, and the problem of
allocating scarce resources am ong investment opportunities. This approach
does not confine externalities to direct non-market interdependencies, but
com plete it with interdependencies occurring among econom ic agents within
a m arket mechanism. These effects are reflected by price/dem and changes
im posed by the implemented investment project. In other words, a large
scale project (in relation to m arket size) causes a price increase of its inputs
and/or decrease of its output, creating effects called supplier’s and
cu sto m er’s surplus, respectively.

Such a broad approach is reflected by Sitovsky, according to whom
„external economies are invoked whenever the profits o f one producer are
affected by the actions of the other producers” (Sitovsky 1954).
(3) P)=G (x|,l|,C i; x2,l2,c2),
(4) P ,= G (x 2,l2,c2; X |, 1 |, C | ) ,
where:
P 1.P 2 - p r o f its o f firm s 1 an d 2, r e s p e c tiv e ly
X |,l|,C i; x 2,l2.C2 - o u tp u ts a n d p r o d u c tio n facto rs o f firm s 1 a n d 2

N ext to the presented m ainstream definitions, som e other perspectives of
perceiving externalities have been proposed. These definitions, although
rather narrow, put an em phasis on different aspects of externalities,
facilitating a better understanding of the term.
L ong proposes the follow ing definitions o f secondary effects (Long
1968, p. 3):
1. “prim ary benefit is the value of the im m ediate product or service
resulting from the project, w hile indirect benefits are values added by
incurring secondary costs in activities stemming from or induced by the
project;
2. those intangible non-m arketed, and non-quantifiable benefits of a
social, political or military character;
3. those which accrue to other than users of the project.”
In the first definition, direct effects are those that lead to the main
objective achievement, i.e. production or national incom e generation. All
outputs that do not add to this goal should be regarded as externalities. Put
m ore generally, externalities are effects that do not contribute to the main
goal o f a project. The second definition presents the characteristics of
externalities. According to it, the secondary effects are non-marketed social,
political or military goods, that are non-quantifiable, i.e. impossible to be
m easured directly in monetary term s. In the third definition external effects
are perceived as effects that accrue not to the users o f the project but to other
people o r institutions.
Contem porarily, the com prehensive concept of externalities prevails. For
exam ple, according to Stew ard and Ghani, “externalities exist where the
utility function of consumers o r the production function of producers are
affected not only by their m arket activities but also by the activities of other
econom ic agents (Steward, G hani 1991, p. 569).

(5) Uj= f(xi,x2,...,x„,ei,e2,...,e„),
(6) pi= f(yi,y2,...,yn,ei,e2,...,e„),
w h e re :
Uj - u tility fu n c tio n o f i"1 c o n s u m e r
Pi - u tility fu n c tio n o f ith p ro d u c e r
x i,x 2, .. ., x „ - p u rc h a se s o f g o o d s a n d s e rv ic e s by the c o s tu m e r
y ,,y 2, .. .,y „ - p u rc h a se s o f in p u ts b y th e p ro d u c e r
e i,e 2, . . . e n - e x te rn a litie s, that ta k e th e fo rm o f non m ark et e f f e c ts o r o f effe c ts
m e d ia te d th ro u g h the m arket, a f fe c tin g c o n su m p tio n , p r o d u c tio n c o n d itio n s as it
c o m e s to p ric e s , a v ailab ility a n d q u a n titie s .

On the basis of the listed definitions it can be assum ed that a project
creates externalities if it affects economic agents, positively or negatively,
and these effects are not reflected as project’s direct costs or benefits,
respectively. Consequently, the incremental effects o f the project from the
private (investor’s) point of view differ from the incremental economic
effects, i.e. from society’s point of view. There are tw o main types of such
influence. First, project generates cost and benefits to economic agents
(custom ers or other agents), but these gains and losses are not transferred
through the market mechanism but through non-market relations between the
project and its economic environm ent. Hence, these relations are not
reflected in money transfers (gains or losses due to project itself). Second,
the project influences trade conditions of other econom ic agents, that are
reflected by price and demand changes. In other words, effects occur within
the m arket mechanism although they are not (fully) reflected in the project’s
direct costs and benefits. The second group of external effects is especially
plausible in case of a relatively large scale project, which usually affects:
• competitors, increasing competition and taking over a part of demand;
• suppliers, increasing dem and and consequently prices for project’s
inputs - supplier’s surplus;
• custom ers, increasing supply and simultaneously decreasing prices for
p roject’s outputs - customer’s surplus.
Moreover, considering the fact that there are complementary goods and
substitutes for virtually all goods, a large scale project may affect trade conditions
of other agents, not necessarily its direct suppliers, customers and producers.
It should be emphasized that externalities spreading through a market
m echanism and affecting the project’s direct suppliers and customers are
often described as backward and forward linkages, respectively. Linkage

effects are regarded to be im portant especially in the area of agro-industrial
sectors. However, linkage effects are often regarded as a source of
com petitive advantage in various industrial as well as service sectors, which
is reflected in new concepts o f management, e.g. strategic alliances, supply
chain m anagement, or network organizations.
To assist identifying externalities, it is useful to break them down into various
categories. Externalities fall into different types according to Steward, Ghani
1991; Buchanan, Stubbleine 1962, Cook, Mosley, Perkins 1994, p. 241-142:
1. nature of influence - as noted above, external effects can spread over
other agents via non-market interrelations or throughout the price
m echanism . In the former case, they are recognized as real or technical
externalities and in the latter instance, financial or pecuniary externalities.
T echnical externalities can be further divided into two categories: static and
dynam ic. The former are not related to economic grow th, and they mainly
include environmental secondary effects. Dynamic externalities are related
to econom ic growth, i.e. they influence the attitudes or the knowledge
available to a subsequent generation of producers.
2. location of agents - both spatial and industrial locations. Externalities
can affect nation, region, urban or rural areas; moreover, they can be scattered
within a single industry, cluster o f well defined industries, or among industries.
3. the nature of interacting agents - externalities can go in four main
ways: between consumers, betw een producers, from producers to consumers
and eventually, from consum ers to producers;
4. the number of interacting agents - a single agent may affect another
single agent, a small group of agents or even many agents. By analogy, an agent
(agents) may be affected by one agent, a small group o f agents or many agents.
5. possibility of negotiating - closely related to the number and location
of agents - if the influenced agents and size of externalities are known, externalities
can be negotiated, hence considered by investor (internalized). The larger area and
longer time of externalities dispersion, the greater the likelihood that they will not be
negotiated, and consequently taken into consideration by an investor;
6. the significance - if an externality is obvious and importantly affects
other agents (their production o r consumption functions) it is plausible that it
will be negotiated and hence considered by an investor. In other cases a
secondary effect will be regarded as negligible and accordingly ignored;
7. stage of product’s processing - indirect effects can be created during
the production, distribution or consumption process;
8. status of affected group - it is generally believed that externalities that
affect the rich are higher valued than those affecting the poor.

T able 1
Examples o f different types of externalities

Location o f agents
Nature o f agents

Number o f agents

E x am p le

Type of ex tern ality

C lassificatio n
Nature o f influence

Static (technical)
Dynamic (technical)

Air polluted by exhaust fumes produced by cars

Pecuniary

New large scale infrastructure project
increases significantly demand for tarmac
and consequently its price, what positively
affects suppliers o f tarmac

Diffusion of know ledge between company
A and B due to m ovem ent of skilled
worker from technologically advanced
firm A to firm B lagging behind it

Defined location

Noise caused by motorway

Broad, undefined location

Greenhouse effects caused by exhaust fumes

Producer to custom er

Factory sm oke affecting people living in
vicinity

Customer to customer

Person sm oking cigarette affecting nonsmoker

Producer to producer

Technology transfer, know-how transfer
from company A to company B

One to one

Person sm oking cigarette affecting nonsmoker

One to many

Radiation effects o f nuclear power stations

Many to many

Car pollution

Possibility o f
negotiating

Negotiated

Building a new road that improves access
to a distant region depends on the
industrial and/or agricultural investments
in that region

Non-negotiated

Car pollution

Significance

Unimportant

Effects of sm oking cigarettes on others in
the past - regarded as a negligible

Important

Effects on sm oking cigarettes nowadays conceived as serious; accordingly,
smoking in public areas is usually banned

Production

Road build w ithin a dam project used by
farmers

Distribution

Road surface deterioration caused by
heavy trucks transporting goods from
a new mine

Consumption

Scenic view available during train journey

The rich

High value of scenic view deterioration
due to the m otorw ay located next to the
area occupied by the rich

The poor

Low value o f scenic view deterioration
due to the m otorw ay located next to the
area occupied by the poor

Stage o f product
processing

Status o f affected group

Source: au th o r’s own

It has been underlined in one o f the presented above definitions that the
external effects of investment projects are intangible non-marketed, and nonquantifiable. Accordingly, one o f the most sound features of externalities is
that they are hard to be m easured and valued. Nonetheless, various methods
of valuation, especially environm ental effects, have been developed. It is
useful to divide them into two broad categories: supply side approach and
dem and side approach. (Cam bel, Brown 2003, p. 268-269; Perkins 1994,
p. 245-257). The former approach is based on investigating the impact of
externality on productivity or costs of economic agent(s). It is also perceived
as a direct valuation method, since externalities are m easured by means of
observable market prices. In the latter approach, the value of externality is
inferred from demand functions either from surrogate goods markets
(observed customer preferences) or from hypothetical externalities markets
(stated custom er preferences). H ence, the second group of methods is also
called indirect valuation m ethods.
F ollow ing supply side approach there are four m ethods:
a. productivity change approach - estimates productivity changes of other
producers affected by the project, be it positive or negative (road installed
for a dam project can have positive effect on local farm ers’ sales possibilities
- the revenue increase is in that case the value of effect);
b. hum an capital approach - derivative of the above method; values the
im pact the project has on hum an health; it is assum ed that the changes in
hum an health affect his/her productivity and consequently, influence
incom es he/she can get in the future (incomes lost due to hospitalization and
rehabilitation after a road accident are regarded as costs incurred by the
casualty).
In th e case of environm ental goods the above approaches are called
dose/response method, and investigate the way and value the natural
resource (change of its quality or availability) affects economic agents’
productivity.
(7) X = f(C,L,I, QhCb)
w h e re :
X - o u tp u t
C - c a p ita l
L - la b o u r
I - o t h e r in p u ts
Q i.C h - n a tu ra l re so u rce s

c. O pportunity cost approach - estimates costs o f mitigating or even
om itting negative externality by changing project design or not
im plem enting it (the cost of bypass while constructing a new road, to
preserve a natural resource adjacent to the project);
d. Preventive or replacement expenditure approach - values the costs that people
afflicted by a project incur to mitigate or replace damage caused by that project
(costs of installing double-glazing to avoid noise caused by a new motorway);
T he dem and side methods are as follows:
a. O bserved customer preference (surrogate goods m arkets)
• hedonic pricing - com paring prices of goods (e.g. land) for which
externality in question is the attribute (e.g. scenic view). The difference between
prices of surrogate goods, caused by externality is regarded as a value of the latter.
(8 ) Z

A= (z,M,z i ,z i ,...,z i .1,z B
>l)

(9) ZB= ( z lfl, z 2B, z f , . . . , z , t p ^ )
(10) PA= f(Z A) ^ PB=f(ZB)
where:
Z A- v e c to r o f lan d A a ttrib u te s
Z B- v e c to r o f lan d B a ttrib u te s
P A, P B - p r ic e o f land A and land B , re s p e c tiv e ly
f(Z A) - e q u ilib r iu m price o f land A , th e fu n c tio n o f land A a ttr ib u te s
f(Z B) - e q u ilib r iu m p rice o f lan d B , th e fu n c tio n o f land B a ttr ib u te s

• travel cost method - uses as a measure of non-m arketed good travel
costs that people are willing to incur to get to that good (e.g. recreational fishing,
scenic view); these costs include mainly: vehicle operating cost, fees and time.
• random utility method - m odified travel cost m ethod; assumption that
dem and is conscious is relaxed here, it is presum ed that each time an
individual makes a decision about consuming a certain kind of non-marketed
good, he/she chooses from a bulk o f available substitutes, hence, the probability
that the person will choose a specific good is lower than one;
b. stated customer preference - the contingent valuation method - consists in
asking people directly what value they put on certain non-marketed goods.

3. COST AND BENEFITS OF TRANSPORT PROJECTS
One can raise the question w hether identifying and valuating externalities is
worth doing. There are am biguities with defining externalities, moreover,

they are often, as one of the presented definitions suggests, non-marketed
goods. Accordingly, it is a com plex and costly task to include them in
project analysis. Dasgupta, Sen and Marglin suggest that in many instances
analysts tend to exaggerate the magnitude of indirect benefits. They explain
that the present value of many externalities is quite low. Hence, more
significant errors are likely to arise as a result of inaccurate forecasts of
outputs, inputs or their prices than omitting externalities. Moreover, in many
cases it is very difficult or even impossible to quantify many externalities, which
limit their inclusion in cost-benefit analysis (UNIDO - Dasgupta, Sen and
Marglin 1972, p. 66). However, the quoted authors admit that one cannot
generalize. There are some cases where externalities play a very important role.
In many cases transport projects seem to have powerful externalities that
should not be omitted while analyzing their social profitability. Unfortunately, it
is difficult to distinguish between primary and secondary effects of those
projects. Potts, for example, states that the benefits from road construction tend
to be pure externalities (Potts 2002, p. 181). This view is in line with Pigou’s
definition, according to which a positive external effect exists if a part of the
project’s output instead of being sold by the investor, is transferred to people,
without gain to the former. On the other hand, Little and Mirrlees argue that
„ordinary purpose of a transport project is transport and the analyst is not going
to omit such effects as time savings or operating costs reduction” (Little,
Mirrlees 1988, p. 348). In other words, the cited authors suggest that main
effects o f the road project should be regarded as primary benefits. This view is
based on one definition provided by Long, who describes externalities as effects
that do not contribute to the main goal of the project (Long 1968, p. 3).
It seem s that the dividing line between primary and secondary effects in
transport project is not clear-cut. However, this is im portant from a theoretic
rather than pragmatic angle. W hat really matters is that all the costs and
benefits o f transport projects should be well recognized. Some effects are
regarded as pure direct effects, other are perceived as pure external effects.
Finally, there is a group of effects that do not fall neatly into either of these
two categories. Nonetheless, to facilitate further discussion, costs and
benefits o f transport projects have to be enumerated. They are as follows
(Button 1982, p. 74-130; Snell 1997, p. 113-114; A dler 1987, p. 27-44):
1. Transport projects benefits:
a.
Transport services - delivered by transport com panies both public and
private alike, these services can be categorized m ainly according to the
object that is being transported (cargo and passenger transport) and the mode
by w hich services are realized (road, rail, water, air transport or intermodal

transport that constitutes a combination of the main modes); transport
services are in most cases priced and in some cases subsidized.
b. Infrastructure user benefits - perceived and enjoyed by people who use
transport infrastructure; in most cases transport infrastructure is public, i.e.
people are not directly charged for using it; infrastructure improvement
benefits are usually as follows:
• reduced vehicle (or other m eans of transport) operating costs
• tim e savings
• reduced accidents - include destroyed property and transport
infrastructure, personal injuries and fatalities...
c. infrastructure non-user benefits - enjoyed by the rest of the nation or
relevant population; they are:
• reduced transport (operating) costs - transport infrastructure users
share their savings with other society members, e.g. custom ers, producers;
savings sharing is imposed by com petition or government;
• stimulation of economic activity - usually these benefits are due to a
bulk o f investment project, not only transport infrastructure; any transport
im provem ent is believed to stim ulate economic activities if new economic
activities would not have been taken without transport improvement and
resources utilized by these activities which would otherwise have remained idle.
2. Transport projects costs
a. infrastructure building costs - construction cost;
b. m eans of transport costs (vehicles, rolling stock, ships, aircrafts);
c. infrastructure maintenance costs;
d. operating costs of providing transport services - mainly labour, fuel,
and rolling stock maintenance;
e. congestion - it is a direct derivative of limited capacity of infrastructure;
f. environm ent costs - generally, transport is perceived to afflict the
natural environment, but some transport projects are actually introduced to
ease the negative effects of others; the environmental effects of transport are
m ulti-facet including: air pollution, noise, vibrations and visual intrusion.
T hese listed above effects are regarded as traditional costs and benefits of
transport projects. However, the author believes that there is another
im portant group of effects, created by innovative transport companies
(logistics operators) and transferred to various industries. These effects are
accom m odated in the last section.
M oreover, it should be stressed that the distinction between transport
costs and benefits is often blurred. Many of the positive effects of transport
projects stem from cost reductions, on the other hand, som e of the negative

effects can become benefits in specific cases. Therefore, they are usually
called im pacts. In the table below , the transport project effects were divided
into three categories: direct effects, indirect effects as well as cost and
benefits that do not fall neatly into both categories, w hich accordingly may
be regarded as primary or secondary effects.
T able 2
Categorization o f m ain transport projects effects
S eco n d ary effects

P rim ary effects
Transport services
Inform ation building costs
Means o f transport costs
Infrastructure maintenance costs
Operating costs o f transport service providers

Infrastructure non -user effects
Congestion
Environment effects

In fr a s tr u c tu r e user effects

Source: a uthor’s own

In the case of impacts that fall into primary effects, there is a direct
m arket connection between those who undertake an action and those
affected by it. Consequently, the private and social value is equal. Moreover,
these im pacts accrue to transport users and directly contribute to the main
goal o f transport projects. C osts and benefits that constitute secondary
effects affect not only transport users but also other agents. Additionally,
they are not regarded as private (investor’s) effects, hence, there are no
direct charges and com pensations connected to them . Consequently, the
value o f private costs within this group differs from the social value. The
infrastructure user benefits contribute to the main goal of transport
developm ent project but beneficiaries do not pay for them (except for
vehicle operating costs), hence they cause a divergence between private and
social profitability of transport project.
Finally, it should be underlined that transport secondary effects are
diverse. They are both technical and pecuniary, local, regional but also
global. T he agents affected by transport are both private people and
com panies. What is more, transport externalities can be produced by a single
agent and affect a single one. H ow ever, in many cases they are produced
by, and diffused among, m any agents. In the latter instances, the
p o ssib ility o f negotiating and consequently internalizing externalities is
rather low . Also the significance o f transport secondary effect is diverse,
although today the m ain em phasis is put on reducing transport
en v iro n m en tal costs.

4. VALUATION OF TRANSPORT EXTERNALITIES
In the following section the issue of putting m onetary value on transport
externalities is addressed. However, it should be underlined that the
procedure of valuating transport external effects is preceded by the following
stages:
1. examination of current and predicted nature of the transport market;
2. identification of project’s impact;
3. measurement of physical impact.
F ig u re 1 presents the p ro ced u re of valu atin g one of the m ost
im p o rta n t transport en v iro n m en tal externality - n itro g en oxide (NO x)
e m issio n s.
Em issions

->

Am bient
Conditions

-»

Effects

Tons o f NOx

Para p « million

Thousands o f

em itted it

o f NOx at a

trres destroyed,

particular time

particular place

->

Monrv costs

and time

F igure 1 The chain of calculations to arrive at environmental evaluations
S ource: Button 1993, p. 49

T he basic effect of a transport project, appreciated by transport users, are
time savings. Virtually every transport project aims at decreasing the time,
people or goods moved. Before em barking on describing estimating methods
the classification of travels has to be introduced. A ccording to the aim of the
travel there are: work and non-w ork travels. The form er can be broken down
into passenger and freight transport. Non-work travels are usually divided
into com m uting and leisure travel. It is relatively straightforw ard to establish
the value o f time saved for w ork travel for which the supply side methods
are im plemented. In the case of freight transport the analyst uses the
productivity change approach. T he increase in revenue that is derivative of
shrinking working capital locked-up in inventories, stands for saved time
value. T he value of time for w orker travel is based on the employer’s costs
of hiring that worker when it com es to business travel o f entrepreneurs (self
em ployed) the value of time is inferred from the revenues of that business
person.

Fig. 2. V alue o f an hour o f w ork in g tim e per person (1995)
S ource: Florio ed. 2002, p. 77

Valuing the time saved during non-work travel seem s to be a much more
com plex task. In general, dem and side approach is utilized for this category of
travel. Up to the 1980s the observed customer preference technique prevailed. In
general it consists in comparing costs and times of traveling from point A to
point B using various available options of transport (e.g. different modes). The
difference in the costs is weighted by the difference in travel time and
consequently, the value of unit of time is established. However, the above
approach has an important drawback. It assumes that different costs that people
are willing to incur choosing different options of travel are direct derivatives of
time. Yet it has been proved that not only time but other aspects are taken into
consideration, e.g. size of time savings, comfort of traveling, risks connected
with specific mode of transport. Therefore, the observed customer approach
(hedonic pricing) has often been replaced by stated custom er preferences. The
analyst designs a special questionnaire that takes into consideration various
attributes, i.e. size of time saving, journey purpose, income journey length,
mode, socio-economic status, sex, age. On the basis of collected data that are
subsequently analysed by m eans of econometric techniques, the value of time
for different categories are established (table 3).
Table 3
V alue o f non-work time by incom e and distance in the UK in 2000 (£ per hour)
Distance

< 5 m iles

>25 miles

5-25 miles

In co m c
< £ 1 7 ,5 0 0

Commuting
Other

1.88
2.31

Commuting
Other

3.30
3.67

Commuting
Other

7.17
7.12

£17,500 < £35 .0 0 0

Commuting
Other

2.57
2.75

Commuting
Other

4.75
4.37

Commuting
Other

10.13
8.71

< £35,000

Commuting
Other

3.32
3.79

Commuting
Other

6.25
4.93

Commuting
Other

13.23
9.85

S o u rce: M ackie, Wardman, Fow kes, W helen, Nellhoup 2003, p. 75

T he third group of users’ benefits constitute savings in costs of accidents.
These costs are usually divided into the following categories:
• C asualty related costs: fatalities, medical treatment, losses of incomes,
suffering, negative psychological effects;
• A ccident related: damage to the car and other property, congestion and
environm ental changes, insurance and administration costs.
To calculate the value o f the cost of fatalities and losses of income, the
human capital approach is implemented. In case o f goods transport lost
output should be calculated using productivity change technique.
A dditionally, human life is often calculated by means of life insurance data.
However, there has been conducted a considerable dispute whether human
life can be valued. Hence, in many cases fatalities are excluded from cost
benefit analysis and are accom m odated in cost-effectiveness or multi-criteria
analysis. Costs of pain and psychological effects are not calculated. Medical
costs, dam age, insurance and administration costs are valued directly, based
on statistical data. Yet a vast am ount of transport statistics is needed. Putting
value on the costs of congestion and environment effects is described below.
T able 4
UK C asualty and Accidents Value 2000
A ccid en t ty p e

Lost income
Fatal
Serious injury
Slight injury
Damage only

C ost p e r accident (f )

Cost p er casu alty (£)

Insurance

P ro p e rty

M edical costs

393 580

670

7 780

210

15 150

9 190

3 750

130

1600

680

2 100

80

-

-

1320

40

Source: Goodbody. Economic C onsultants, 2004, p. 6

T he transport projects aim at reducing congestion, accordingly, they
decrease time and other costs of travel. However, in com e cases, especially
during the infrastructure construction period, the project can cause
congestion, hence, a deterioration of transport service and infrastructure
quality. T his negative effect of transport projects accrues mainly to the
transport users, although it can also fall on non users: pedestrians and people
living near to the road or other congested object of transport infrastructure.
W hen it comes to users’ negative effects, they are m ainly reflected by the
increased vehicle operating costs and lengthened journey tim e (Sharp 1966).
These effects are exactly opposite to those described above, therefore, the
same m ethods of valuation should be used, i.e. productivity change

approach, observed or stated customer preference for time costs, and
replacem ent expenditure approach for operating vehicle costs. Non-user
congestion costs include m ainly noise and increase level o f air pollution. The
valuation of these effects is presented above.
T he effect regarded as a non-user one is the transport project’s influence
on the economic activity of the region. In most cases the new access road (or
other m ode transport, e.g. port) is perceived as an incentive to undertake
econom ic activity or to enlarge the scale of existing businesses. However, it
should be noted that a new transport project my cause a deterioration of
regional businesses com petitive position, if they are less effective than their
counterparts from other regions. To valuate this externality, productivity
change technique is used. To put it another way, if the transport project does
lead to increased/decreased output, the net value of this output is the measure
of econom ic benefit (Adler 1987, p. 34).
T he natural and socioeconom ic environment is affected by transport
projects in various ways. T he impact differs according to elements of the
environm ent that are affected as well as permanence and geographical level
o f influence (figure 3). M oreover, environmental im pact is categorized as
(T reatm en t... 1998, p. 7):
•
direct - caused by transport investment itself, e.g. land consumption;
•
indirect - linked closely with the project, but may have more
profound consequences than direct impact, e.g. degradation of surface water
quality;
•
cumulative - as a result of the process of cum ulative environmental
change, caused by various sources, e.g. global warm ing.
Long
term

Damage to
atmosphere

TIME

Forest
dam age

Air
pollution
Short
term

Exhaust
gases______________________
Local
Regional

National

Fig. 3 T he time and areal coverage o f exhaust gases
S o u rce: Button 1993, p. 31

Continental

Global

Due to its broad aspect, the environmental impact o f transport project is
difficult to investigate, measure and value. Therefore, only the main
environm ental externalities are presented below.
One o f the most important external effects of transport is noise, defined
as unw anted sound. It is especially a nuisance in urban areas that suffers
from bad traffic, and in areas located along major trunk arteries and around
transport terminals, e.g. airports, logistics centers (B utton 1993, p. 27).
Hence, noise should be regarded as a local externality.
Noise causes temporal or irreversible effects on people. Most obvious are
discomfort, annoyance, fatigue or reduction of hearing ability. However, next to
direct there are also the following indirect effects of noise: production of stress
hormones, headaches, nervousness, aggressiveness, blood pressure and heart
rate increases, and reduced capacity for concentration (V aluation... 1997, p. 5657). The following methods can be used to evaluate this externality:
• hedonic pricing - divergence in prices of land plots or rent levels
between residential areas affected and non-affected by noise;
• preventive expenses - costs o f double-glazing or installing barricades
along the arteries;
• hum an capital approach - if direct link betw een effect of noise
exposure and productivity is possible to investigate;
• contingent valuation - by questioning people how much they are
willing to pay to avoid noise exposure.
N ext to noise, transport produces many harmful gases that cause air
pollution. This externality is ubiquitous, has various form s and is very
difficult to measure. Although air pollution is caused by all modes, road
transport is perceived as the main pollutant. There are four main categories
of air pollution:
• photo-chemical smog - local and regional scale, afflicts health,
materials and vegetation;
• acid depletion - acid rains; regional, national and even continental
scale, m ainly impinges vegetation;
• stratospheric ozone depletion - global scale; affects human health and
vegetation;
• global warming - global scale; various effects.
It is regarded that air pollution afflicts human (discom fort, eye irritation,
headache, heart and respiratory system diseases), vegetation and ecosystems
(decreased yields, forest damage), materials and buildings (decomposition of
polym ers, dirt) and climate (depletion of ozone layer and global warming).

The time span of externality in question also varies, from short-term effects
like feeling discomfort through sm og, to long time effects like climate change.
The latter problem is so complex that detailed analysis o f future effects is
virtually impossible, accordingly, its valuation is approximate.
As air pollution is a tricky problem , the methods used to measure and
value them are various and usually sophisticated. The main approach is the
dose-response technique. In general, this boils down to establishing a doseresponse function between a level o f certain emission (set o f emissions) and
health or other damages. How ever, to construct such a function vast
statistical information is indispensable. The second possible approach is
contingent valuation, i.e. asking people about their willingness to pay or
willingness to accept air pollution decrease or increase respectively. The
main shortcom ing of this approach is that people are not fully aware of the
effects caused by transport em issions. The third approach is human capital,
whereby relations between change in human productivity and health
deterioration caused by air pollution are established. O ther possible methods
are productivity change approach, especially in the case o f the agriculture
sector, and replacement expenditure approach, which should be utilized to
calculate the negative effects on m aterials and buildings.
T abic 6
C haracteristics o f the m ajor transport em issions
P o llu tan t

People

Carbon
monoxide (CO)

Heart and central
nervous system

Hydrocarbons

Heart, respiratory
system

Particulates

V egetation

M a te ria ls
/b u ild in g s

Scale

Ozone

Local, global

Build-up in soil
and food crops

Summer smog,
greenhouse

Local, regional,
global

Heart, respiratory
system

Reduced
assim ilation

Winter smog

Respiratory
system

Acidification
of soil

Carbon dioxide
Nitrogen
dioxide

Climate

Dirty buildings

Greenhouse
Greenhouse

Local, regional
Global

W eathering
erosion

Local, regional,
global

S ource: Shiftan, De-Jong, Sim m onds, Hakkert, M. Ben-Akiva 2 0 0 1 , p. 30

O ther environmental effects of transport projects are as follows
(V aluation... 1997, p. 93-104; B utton 1993, p. 35-38):
1. w ater pollution
a.
ground water - afflicted by surface transport; changes in drainage
patterns (infrastructure); pollution caused by exhaust fum es (vehicles), deice road chem icals and weed-killers;

b.
sea waters and costal land - contaminated by oil spills and tank
cleanings; mainly local effects.
W ater pollution is valued mainly by means o f the dose-response
approach. However, the contingent valuation of Exxon Valdez oil spill
(1989) is the best recognized valuation of transport externality (Carson,
M itchel, Hanemman, Kopp, Presser, Rund 2003, p. 257-286).
2. vibration - caused by large vehicles airplanes and ships; afflicts transport
infrastructure, buildings, humans (disruption to sleep and its consequences),
banks and shores (erosion) and marine animals (communication interference);
valued mainly by means of dose-response approach;
3. consum ption of land - land usage by infrastructure projects; valued by
opportunity cost of land;
4. visual intrusion: aesthetic impact - reduced visibility through smog and
disruption of scenic views; however, there are positive effects like scenic views
available to train passengers; valued by means of contingent valuation;
5. barrier effects for humans (animals) - caused by physical existence of
infrastructure or extended use o f infrastructure - usually valued as wasted
time or by means of the contingent valuation approach.
In table 7 the costs of the main environmental externalities as well as
accidents by different means o f transport in the UE are presented.
T able 7
E stim ates o f transport environm ental externalities and accidents in the E U -15 (1995)
P assen g er (Euro/1000 pkm)
C ar

M otorcyclc

Accidents
Noise
Air pollution
Climate change

36.0
5.7
17.3
15.9

R a il

Bus

250.0
17.0
7.9
13.8

Aviation

3.1
1.3
19.6
8.9

0.9
3..9
4.9
5..3

0.6
3.6
1.6
35.2

F re ig h t (Euro/1000 tonkm)
LVD*
Accidents
Noise
Air pollution
Climate change

100.0
35.7
131.0
134.0

H D V **
6.8
5.1
32.4
15.1

Rail

A viation
11.5
3..5
4.0
4.7

19.3
2.6
153.0

W aterborne

9.7
4.2

Source: Florio, cd. 2002, p. 78

Next to the above described environmental externalities, there is another
group o f real external effects of transport projects, which is hardly
recognized, but its role seems to be more significant currently, namely the
dynam ic externalities of transport services.

One of the m ost important features o f today’s economic grow th is shift
from stable, well-established technologies and markets to technological and
market changes. Under such circum stances those who gain competitive
advantage are innovators, i.e. economic agents that develop and implement
new technologies and are responsive to new and ever changing needs of
customers. In contemporary economics, where manufacturing has given way
to services, where markets are becom ing global, transport services are
becoming a crucial competence to m any companies. The significance of
transport services is reflected in the grow ing sector of logistics operators,
who introduce new and sophisticated transport technologies and material
flow m anagem ent techniques. These operators are called third party
logisticians (3PLs) responsible for m anaging the flow of goods within
supply chains (from suppliers to final customers). What is more, fourth party
logisticians (4PL’s) have been emerging, being responsible for orchestrating
all flows within supply chains. They offer world class m anagem ent of
material but also information flows, equipping supply chains with
sophisticated IT technologies.
These transport innovations are delivered to other sectors. If the transfer
stems from non-m arket transactions it constitutes dynamic inter-industry
externality, which has not been yet analyzed. However, the idea o f best-practices
diffusion is well recognized in management and is called benchmarking. The
non-market transfer of transport know-how and technologies from transport
services providers to other industries have the following sources:
• human capital formulation - realized through informal learning on the
job: employees o f production or service companies which cooperate with
logistics operators get specific knowledge from the latter, which is then
implemented in their companies, increasing the effectiveness and efficiency
of transport operations;
• technology transfer - the process o f diffusion of innovative methods
and technologies from logistics operators to other com panies undergoes
through the m ovem ent of labour (e.g. from 3PLs to service com panies), or
trade journals and conferences.
Although these effects seem to be o f increasing significance it is difficult
to distinguish them, since in most cases the know-how and technologies are
transferred through market transactions. Therefore, it is indispensable to find
a clear cut betw een market transactions and non-market relations and to
value the latter. Presumably the human capital and change in productivity
techniques are the appropriate approaches to value these dynamic
externalities o f transport externalities.

5. TRANSPORT EXTERNALITIES IN POLAND
- CASE OF ROAD INFRASTRUCTURE
Road infrastructure developm ent projects in Poland, regardless of
funding sources, are usually appraised according to “ Instruction for
m easuring economic efficiency of roads and bridges projects - revised
according to EU recommendation” . The Instruction has been developed by
the Road and Bridge Research Institute, a subsidiary o f the Ministry of
Infrastructure. The document should be regarded as a universal methodology
of appraising road projects, hence valuating road effects. The rationale for a
com m on application of such guidelines is the ability to conduct direct
com parison of various infrastructure project, rank them and eventually
choose the most efficient ones, relative to the transport development
strategy goals.
T he instruction consists of three integrated parts. T he first addresses the
m ethodological issues of road project appraisal. Tw o other parts include
standard indexes, concerning road statistics, which are essential for the CBA.
Only the implementation of these indexes, along with universal methodology
create the basis for project com parisons.
A c co rd in g to the Instruction, there are two broad categories of road
in fra stru ctu re effects (Road and Bridge Research In stitu te, 2005, part I,
P- 11):
• construction and m aintenance cost of roads and bridges;
• users and environment costs/benefits that include: vehicle operating
costs/savings, time savings, road accidents and air pollution.
A lthough not identified explicitly, time savings, road accidents and air
pollution are externalities positions that should be included in road projects.
Their value calculations are based on the supply side approach. Each
externality is described in turn.
Travel times are divided into passenger, driver and freight groups. Time
savings value is estimated as average gross wages (in the production sector),
increased by insurance costs and cost of money frozen in transported goods.
Road accidents consist of two groups: injuries and fatalities. The cost of the
former includes lose of income, medical treatment as well as rehabilitation
expenditure. The latter is calculated as loses in income plus average costs of
funeral and compensation. Environmental impact includes only exhaust
gases that afflicts the vicinity o f the road. Exhaust cost comprises the
function o f speed, terrain shape, and road surface condition. The chosen
externalities indexes for Poland are presented in tables 8 and 9.

Table 8
Travel and accident costs in Poland (2006-2010)
A ccident costs
(PL N /accident)

T ravel costs
(PLN/vehicle)

Y ears

P assenger cars

Non-build up road

B uild u p ro a d

Buses
172.74
176.48
180.06
183.72
193.32

21.59
22.08
22.51
22.97
23.57

2(X)6
2007
2008
2009
2010

537
545
554
563
573

282
286
289
293
297

492
792
074
536
634

573
020
454
389
382

Source: Road and Bridge Research Institute, part III, p. 21, 23
Table 9
Exhaust fumes cost in Poland
Koad category
(PLN/1000 vehicles/km)

S peed
km /h

B

A
50
60
90

5.4
4.8
3.7

D

C
5.6
5.05
3.9

5.9
5.3
4.1

6.1
4.5
4.2

Source: Road and Bridge Research Institute, part III, p. 29

E xternal effects constitute important impacts of transport development
projects. Traditionally time savings and accident risk reduction have been
regarded as the main external effects of transport. Today, increasing
em phasis is put on the multidimensional environm ental impact of
infrastructure and traffic. Therefore, it is essential to identify and value
secondary effects, while appraising the efficiency and feasibility of transport
investm ents. Various methods have been developed to put a money value on
externalities that usually influence the welfare of econom ic agents beyond
the m arket mechanism. In general, these methods should be divided into two
groups: supply and demand side approaches.
In Poland, time savings, risk of accidents and air pollution in roads
vicinity have been identified as the basic secondary effects of road
investm ents. According to existing recommendations, they are valued by
m eans o f supply side methods, i.e. their impact on costs or productivity of
econom ic agents is calculated. Presumably, the increasing consciousness of
sustainable economic developm ent will lead to the broadening of the scope
of identified and measured environm ental effects in Poland. Also demand
side approaches, like hedonic pricing or contingent valuation, should be
em ployed in transport projects analysis.
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