Comparative Economic Research, Volume 17, Number 4, 2014

10.2478/cer-2014-0032
DE gEEGNRUVTER ;.“N-‘“ I‘*’ﬁ’r, Universytet
M ; vopz«

JOANNA GORNIAK*

Transport Accessibility In Light Of The DEA Method

Abstract

The development of transport infrastructure andeasing the efficiency
of transport services are major factors of economiowth. The concept of
transport accessibility can be analysed in vari@spects. This article focuses
on the accessibility of freight transport by roadidarail, measured with
infrastructure equipment. The primary objectiveto$ study is to determine the
efficiency of selected European countries in 20305 and 2010 in terms of
transport accessibility for given expenditures aadults. The efficiency will be
measured with the Data Envelopment Analysis, whissesses the efficiency
with which a given economy transforms expenditimesresults. The hypothesis
assumes the existence of differences betweenfitierely in terms of transport
accessibility in European countries and a posdipito increase this efficiency
by using the experience of countries with a hidiciehcy level.

Keywords transport accessibility, indicators of infrastrure, efficiency, DEA
method

1. Introduction

The development of transport infrastructure andeasing the efficiency
of transport services are major factors of econogmmwth. The concept of
transport accessibility can be analysed in varamspects. This article focuses on
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accessibility measured with infrastructure equiptnestimated with equipment
indexes of a particular area with road and raitistfucture. The primary objective
of this study is to assess the efficiency of trarnsgccessibility in selected European
countries. The assessment is be carried out UsnBEA method, which assesses
the efficiency with which a particular economy smmms expenditures into results.

Transport infrastructure displays features of metiowealth, while its
accessibility and efficiency determine the develeptrof each country through
socio-economic activities. As a specialist facibrgdetermines new solutions,
compatibility or interoperability, and provides ara stable and decisive basis
for achieving competitive advantage (Zatoga 2018, 3655-166). In addition,
a well-developed transport infrastructure contmisuto the reduction of the
negative results of distance between regions, liateg the domestic market and
connects it with markets of other countries andareg as well as influences
economic growth (through the quality and densityhaf network infrastructure)
and reduces income inequality and poverty in setsof ways (Schwab 2012).

The ongoing processes of globalisation and econdmégration pose
various challenges for economic policy, forcingigplmakers to implement
solutions that will improve economic efficiency armbnsequently, to increase
their competitiveness. The basic condition forftrenulation of realistic objectives
for transport policy is reliably identifying phenema that determine the
competitiveness of economies. As a result, thespram potential of particular
economies is determined by many factors, both lsmaetheconomic.

As an economic category, transport efficiency campa&xpenditures and
results. The expenditures are all forms of resoaoesumption in the process of
implementing transport policy goals and objectivéhe results are benefits
ensuing from transport policy implementation intacis-economic practises,
e.g. increasing the number of people using tramspfsastructure or improving
the safety of the transport system. In the trarispgstem, one can indicate the
following relations between the incurred expenditurand achieved results
(Janecki, Krawiec 2010, p.12):

» expenditures < results: the efficiency of the tpamspolicy is positive
» expenditures = results: no major changes are fikhtin the transport
system
« expenditures > results: the transport policy iseftgctive
The study covers the years 2000, 2005 and 201@hwiere selected for
comparison purposes. 25 European countries wegetedlfor the analysis. Due

to the lack of data, Cyprus, Malta, Norway, Swilkzed and the countries of the
former Yugoslavia were not included in the study.
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2. The essence and problems of transport accessityil

The transport structure of a particular territonaiit is shaped by many
various factors, giving rise to significant diffaces. The elements differentiating
the transport system include, among others:

» geographical location

« degree of urbanisation

* location of industrial and tourist centres

* international co-operation

* level of technical and technological development

To analyse the transport situation, one must usarsport accessibility
index, one of the key measures used to assessatigport system in spatial
terms. The concept of transport accessibility is ohthe key concepts in the
planning of transport development in spatial teriitensport accessibility can
be used in various contexts, for example in refatm the transport network,
various types of services, as a factor of econal@nelopment and competitiveness
of the regions, and as a factor in business latéifozlak 2012, p. 172).

The word "accessibility" is derived from the wort@gcess" and "ability",
which means getting access to something. As atrebe term refers to the
degree of ease with which the inhabitants of armgiaeea can gain access to
goods, services and places of activity (e.g, emplayt, education, health, etc).
The degree of accessibility can be defined as tine &f distances to all other
locations or on the basis of the number of diremtl éndirect connections
available with the use of various modes of transpine starting point for the
analysis of transport accessibility is a quanti&athnd qualitative assessment of
transport infrastructure in terms of the densitytiod network and transport
points, capacity or speed limit (Klak 2012, pp. 173-174).

Transport accessibility has an impact on the veldienefits of a given region
associated with the decisions taken relating teestmaent locations. As a result,
accessibility may be analysed using a varietyadies (Rosik 2012, pp. 23-24):

« infrastructure-based accessibility - estimated wlig use of the indexes of
the equipment of a particular area with transpaftastructure, such as the
number/density of linear and point objects (roativoek, railway stations,
Park &Ride car parks, airports, etc.)

« distance-based accessibility - physical distanael{fiean), actual physical
distance (road), time distance (travel time, tranghe) and economic
distance (cost of travel, cost of transport) betwiee starting point and the



58

Joanna Goérniak

destination, e.g. the average cost of travel iesciibove 100.000 inhabitants,
the total travel time to the 10 largest cities undpe

» cumulative accessibility (isochronic accessibilityjneasured by assessing
a set of destinations available at a given timéh wispecified traveling cost
or traveling effort, e.g. population available viitil5 minutes, number of
hospitals available within 1 hour

* person-based accessibility - based on the so-cafiexl geography associated
with individual socio-economic characteristics dfe t participants in the
movement in time and space, as measured by thadled-daily paths of life,

* potential accessibility - measured by the possioleurrence of an interaction
between the starting point of the travel and ao$dtavel destinations (one
assumes that with the increased time or cost egliréhe attractiveness of the
destination decreases, as the traveller is mdiegiid travel for shorter distances).

In addition, Table 1 shows indexes of transporeasibility divided into
groups and types.

Table 1. Transport accessibility indexes

Group indexeg Type of index Examples of index
Indexes Indexes of equipment gf - the length and density of various roads and
describing the| a region with transport railways
transport infrastructure - density of roads and railways weighted wjth
infrastructure the population
and supply of - the number of airports and seaports
services Indexes of linear and - capacity of road, railways, inland waterways
point infrastructurel - capacity of road junctions, ports and airports of
capacity different categories, intermodal terminals
Indiexes of supply of - volume of supply
transport services - number of arriving/leaving means of transpprt
by mode and direction
- number of passenger cars, means of public
transport and freight transport by type
- transport duration
- the cost of transport
Indexes of - susceptibility of the infrastructure components
susceptibility of of the transport corridors to damage due to [the
infrastructuredamage | geographical location and climate
Indexes of General - cities which can be reached within a certain
location time
accessibility - average time to reach all Europegn
expressed in metropolises
the function - daily transport accessibility
of transport - potential transportaccessibility
time or cost - daily accessibility by car or train
Access to transport - access to the motorway, railway station, airgort
infrastructure / seaport
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Access to places of - the average time to reach to the 3 nearest cities
activity over 100,000 inhabitants
- time to reach to cities with a population pf
200,000 inhabitants
- time to reach the nearest
Europeanmetropolisby truck
- travelling time by air between European
metropolises

- daily access of European metropolises

Innovative Maps showing - maps showing the time distance
mapping relationship between - anamorphic spatiotemporal maps and transport
solution transport and space costs maps

Source: Kdlak A. (2012) Nowoczesne systemy transportowe jekgnnik rozwoju regionow
w Polsce, Wydawnictwo Uniwersytetu Ga&iego, Gdask, p. 178.

The essence of complex transport accessibilityxesiés the fact that they
take into account spatial interactions (i.e. triweldistance, time and cost). One
can assume that the attractiveness of a partioedgon increases with transport
accessibility and decreases with the increasin@umig, time or cost of travel. It
should also be mentioned that regions equippednaithtransport infrastructure
are able to attract more investors, compared todh@ns which are poor in this
respect. Moreover, the development of transporastriucture and increase of the
efficiency of transport services, occurring thatikghe improved efficiency of this
particular branch of industry, is one of the imanttfactors of economic growth.

3. Analysis of the efficiency of European countries

Efficiency is the result of activities undertakendescribed by the relation
between the achieved results and incurred expeeslitulfhe best effects of
production, distribution, sales and promotionstiaeesubject of numerous discussions
and analyses. One can also talk about the efficieh@n organisation, manager,
management, use of possessed resources or undéntzstment projects.

One most frequently considers efficiency when utadémg investment
activities and comparing various investment optidasking for one that will
bring the best effect. Efficiency is measured ugagtial, synthetic indexes of
resource productivity (labor, capital), and canidentified in terms of ex-post
and ex-ante. When calculating ex-ante efficienaye @ssesses the expected
results with the involvement of particular resosreand time. The ex-post
efficiency consists of determining the results pédfic activities. In general,
one uses a ratio analysis to assess efficiency.
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The efficiency of entities, undertaken projectsansport systems and
processes can be assessed with standard methads ube analysis and audit
of financial statements, the evaluation of theinditon and the efficiency of
investment undertakings.

In this analysis, the Data Envelopment Analysis ADEvas used. The
DEA classical result-oriented model was appliecdblbdain the results (Guzik
2009, p. 22). Therefore, if the model is focusedresults, the results are
maximised while expenditures are reduced. The malieal programming
model takes the following form:

T
8 =h;(nd) =——— - max
() = G5~ max (1)
with the limits:
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where:h; - the effeciency of object (i = 1, ..., n),; - results,x,; - expenditures,
. - weight corresponding to particular results (rl=..., R), &, - weight
corresponding to particular expenditures (p = 1,RP).,If the model is focused on

expenditures, one minimises expenditures with @tdimit on the results.

To use the DEA method, one has to meet some impomguirements
which have an impact on the quality and correctradsthe achieved results
(Guzik 2009, pp. 27-29):

* the set of objects must be homogeneous or almosbgeneous
« the results and expenditures should be non-negative
* the measurement units should be uniform

* the direction of preferences should be uniform,the quantity considered to
be the result must be defined in a way that enahkegositive evaluation of
its growth in terms of the purpose of the actiwtiythe analysed objects,
while the quantity considered to be the expendisiveuld be defined in
a way enabling one to evaluate its growth in negatrms

» expenditure is a quantity with which at least oggult is connected.

* the number of objects should be much larger tharidtal expenditures and
results.

The DEA method has many advantages. For examplévéts one an
opportunity to study objects described with muéigixpenditures and multiple
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results. Furthermore, DEA does not require veryciige information, as
opposed to index-based or econometric methods. With method, one can
determine the relationships between global experefit and global results.
Using DEA, one can to determine the efficiency withich a multi-dimensional
system of expenditures is transformed into a naittiensional system of
results. Thanks to DEA, expenditures and resultaalmeed to be expressed in
monetary units (Guzik 2009, p. 29).

One should also mention the disadvantages of th& mDEthod, which is
characterised by the results’ high sensitivity ttypecal data in objects
recognised as models. If the model object is apiedy one, the results of the
analysis of the efficiency of other objects are siderably less credible. One
may also notice a negative impact on the test tesdilsurprising and unstable
results in the case of a strong correlation andalinrelationships within the
results, within the expenditures or between thalt@gand the expenditures. The
disadvantage of this method is also the redundafndite number of efficient
objects, especially in its traditional versionsdanpoorly-developed theory of
nonlinear relationships between the expenditured #me results. Another
disadvantage may be the relative nature of thectbjefficiency. In the DEA
method, efficiency is determined against the bamlgd of other objects. As
a result, an object with a relatively low efficignenay be considered fully
efficient because the other objects are worse. dj@osite scenario is also
possible (Guzik 2009, p. 30).

4. Characteristics of the analysed objects

This study covered selected European countriehdnyears 2000, 2005
and 2010, in order to observe changes in efficiamtgrms of transport accessibility.
The study utilised the mid-year data from the EeaspCommission report “Energy
and Transport in Figures 2013". Variables expressethe dynamics index, which
provide information about the changes of a giveenmmenon in time, were
also applied. In the analysis, five-year time inéés were used. The imperative
aim is to determine whether the countries perfomplément the transport
policy in an efficient way. In the analysis, a s#texpenditures (variables
characterising the linear infrastructure and meahdransport) and results
(variables characterising the result in the formrahsport work) characterising
the freight road and rail transport accessibiligrevused.
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Figure 1. List of expenditures and results in term®f transport accessibility

EXPENDITURESS > RESULTS
eincreases in the road networks « increase in road transport work
eincrease in the number of trucks
eincreases in the rail network * increase in rail transport work
eincrease in the number of freight

locomotives

Source: author’s own.

The level of transport accessibility in Europeanrtdes varies, as different
countries are characterised by different econosdicial, demographic, geographic
and political conditions. In this study, the maitteation is focused on the
accessibility of freight transport by road and.rdihe following variables were
chosen to characterise this phenomenon: highwagherailway length, number of
motor vehicles (road and rail transport) and trartsprork. The following maps
show density indexes, the automotive indexes amasport work. The darkest
colour on the map suggests that the level of thiabla in a given country is highest
in comparison to other countries. The lightest wokuggests that the level of the
variable in a given country is the lowest, compatedother countries (white
indicates a lack of data).

The density of highways in 2000, 2005 and 2010 he European
countries increased, which is a positive phenome@@nmany, Denmark, Italy
and the Benelux countries stand out in terms af\hriable.

Figure 2. The density of the Figure 3. The density of the Figure 4. The density of the

highway network in km per  highway network in km per highway network in km per
100 sq km in 2000 100 sq km in 2005 100 sq km in 2010

Source: author’'s own study  Source: author's own study  Source: author's own study
based on “EU Energy based on “EU Energy based on “EU Energy
and Transport in and Transport in and Transportin
Figures 2013". Figures 2013". Figures 2013".
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The railway network is the densest in the followiagropean countries:
the Czech Republic, Belgium, Luxembourg and Germdims does not mean
that the remaining countries do not use this mednsansport. In recent years,
rail transport has been gradually developing aali@nmnative to road transport.

Figure 5. The density of Figure 6. The density of Figure 7. The density of
railway network in km per railway network in km per railway network in km per

100 sq km in 2000 100 sq km in 2005
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Source: author's own studySource: author's own studySource: author's own study

based on the “EU based on the “EU based on the “EU
Energy and Transport Energy and Transport Energy and Transport
in Figures 2013". in Figures 2013". in Figures 2013".

The number of trucks in the European countrieshiegs increasing year
after year. The following maps show that FrancaispPortugal, Denmark and
Greece had the highest number of trucks per 10&bitdnts in 2000. Poland,
Finland and Ireland could also boast a large nurabtucks in 2010.

Figure 8. The number of Figure 9. The number of Figure 10. The number of
trucks per 100 inhabitants trucks per 100 inhabitants trucks per 100 inhabitants

Source: author's own studySource: author's own studySource: author's own study
based on the “EU based on the “EU based on the “EU
Energy and Transport Energy and Transport Energy and Transport
in Figures 2013". in Figures 2013". in Figures 2013".
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The number of freight locomotives per 100 inhaligaim the analysed
time varied. A decrease in this type of rollingcktovas observed in Finland,
Bulgaria and Latvia, whereas an increase was redandGermany and Belgium.

Figure 11. The number of Figure 12. The number of Figure 13. The number of

freight locomotives per 100 freight locomotives per 100 freight locomotives per 100
inhabitants in 2000 inhabitants in 2005 inhabitants in 2010

Source: author's own studySource: author's own studySource: author's own study
based on the “EU based on the “EU based on the “EU
Energy and Transport Energy and Transport Energy and Transport
in Figures 2013". in Figures 2013". in Figures 2013".

Road transport work in European countries in 22005 and 2010 has been on
the increase. A quite significant increase in daglitransport work can be observed in
Poland when compared to other European countrieBustria, on the other hand,
a decrease in road transport work in 2010, as cathpa 2005, was recorded.

Figure 14. Road transport Figure 15. Road transport Figure 16. Road transport
work (tonne-km) in 2000 work (tonne-km) in 2005 work (tonne-km) in 2010

Source: author’'s own study baseSource: author's own studySource: author's own study
on the “EU Energy and based on the “EU based on the “EU
Transport in  Figures Energy and Transport Energy and Transport
2013". in Figures 2013". in Figures 2013".
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The volume of national railway transport work wasicin lower than the

volume of the road transport work. The highest amlwere recorded in France,
Germany and Poland.

Figure 17. Rail transport Figure 18. Rail transport Figure 19. Rail transport
work (tonne-km) in 2000 work (tonne-km) in 2005 work (tonne-km) in 2010

= s =3
¢ 3

Source: author's own studySource: author's own studySource: author's own study

based on the “EU based on the “EU based on the “EU
Energy and Transport Energy and Transport Energy and Transport
in Figures 2013". in Figures 2013". in Figures 2013".

5. Results

The following measures of efficiency for selecteardpean countries in
terms of transport accessibility take the valuesvaldl or the value of 1. Efficient
economies achieve the value of 1, which means thigyt optimally transform
expenditures into results. Meanwhile, countriesasfbich the measure of efficiency
is higher than 1 are inefficient and do not use theenditures in an optimal way.

Table 1. Effeciency index in terms of transportacesibility for the European countries in 2000

COUNTRY BE BG Ccz DK DE EE
THETA 1,92149 1,56085 2,16733 1,9155]1 1 1
COUNTRY IE EL ES FR IT LV
THETA 1,17233 1 1,74375 1,38378 1,58352 1
COUNTRY LT LU HU NL AT PL
THETA 1 1 1,78954 2,01215 1,27303 1,63228
COUNTRY PT RO Sl SK Fl SE
THETA 2,06738 1 1,58318 2,3274 1,84107 1,86904
COUNTRY UK
THETA 1

Source: author’s own study.
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Table 1 shows the results of efficiency measuresnéortthe year 2000.
Germany, Estonia, Greece, Latvia, Lithuania, Luxeunh, Romania and Great
Britain are the countries which effectively useéithexpenditures in terms of
transport accessibility (100% expenditures werasfiarmed into results). The
other analysed countries did not use the experdittw the full extent. The
results achieved by Slovakia should have been hidiye 133% when its
expenditures are taken into account. The resutteate that Slovakia should
become similar to Estonia by 59% and to Lithuaniat®% in order to achieve
better results. Other countries which did not useirtexpenditures properly
include: Portugal (107%), Czech Republic (117%) grelNetherlands (101%).
Ireland came closest to achieving efficiency (ésults should have been about
17% higher than its expenditures). Ireland showdome similar to Latvia in
order to increase its efficiency in terms of tramsccessibility.

Table 2. Effeciency index in terms of transport acessibility for European countries in 2005

COUNTRY BE BG Ccz DK DE EE
THETA 1,41523 1 1,68493 1,44215 1 1
COUNTRY IE EL ES FR IT LV
THETA 1,98899 1 1,38192 1,45524 1,4888 1
COUNTRY LT LU HU NL AT PL
THETA 1 2,0103 1,41303 1,07874 1 1,48117
COUNTRY PT RO Sl SK Fl SE
THETA 1 1 1,18177 1,00923 1,55015 1
COUNTRY UK
THETA 1,93599

Source: author’s own study.

Table 2 shows the efficiency indexes for the ye@®3x In 2005, the
following European countries achieved 100% efficieim terms of the transport
accessibility: Bulgaria, Denmark, Germany, Gredgéthuania, Latvia, Austria,
Portugal, Romania and Sweden. This means that tteasdries fully used the
expenditures intended for transport accessibiléighieving the maximum
results. Luxembourg was much below the limit ofaééhcy. It should have had
about 101% higher results at the given expenditutesxembourg should
increase its efficiency in terms of transport asishkity by becoming similar to
such countries as Latvia, Lithuania and Romaniavaiia almost reached the
efficiency level in 2005. The results show thaivés only inefficient by 1% in
terms of transport accessibility.
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Table 3. Effeciency index in terms of transport acessibility for the European countries in 2010

COUNTRY BE BG Ccz DK DE EE
THETA 1,17639 1,19048 1,12942 1 1 1
COUNTRY IE EL ES FR IT LV
THETA 2,87868 1 1,3545 1,42704 1,33045 1
COUNTRY LT LU HU NL AT PL
THETA 1 1,36927 1,07197 1,08959 1,02664 1
COUNTRY PT RO Sl SK Fl SE
THETA 1,1237 1,46737 1 1,2161 1,08059 1
COUNTRY UK
THETA 1,25618

Source: author’s own study.

Table 3 presents the results of efficiency in teofisansport accessibility
in 2010. Countries which efficiently used their erditures in the transport
accessibility in 2010 include Denmark, Germany,oB&t, Greece, Lithuania,
Latvia, Poland, Slovenia and Sweden. The leastieffi country was Ireland,
which should have had 188% higher results thanetraxgually achieved in
2010. The analysis shows that in order to achieghen efficiency Ireland
should become similar by 87% to Poland and by 18%Gteece (the best
practises for transport accessibility should beveer from countries such as
Poland and Greece). Austria was at the limit ofcifficy (its results should
have been about 2% higher at the given expendjtuesstria should become
similar to countries such as Denmark, LithuanidaR® and Sweden. Finland
was also close to achieving efficiency (8%). Imerof transport accessibility, it
should become similar to Germany (by 31%), Lithaafliy 14%) and Sweden
(by as many as 52%).

Figure 20 shows the changes in the efficiency indexhe selected
European countries in 2000, 2005 and 2010. Oveydhes, one can see that the
group of countries characterised by model efficjent transport accessibility
has not increased. One can only notice that sommetiies were characterised by
high efficiency in one analysed period and lowaédfincy in another analysed
period. It should also be noted that in the cas&Oofountries, one can observe
improved efficiency in terms of transport accesgibiln the case of Romania
and Ireland, an increase of the theta value wasrded, and hence there was
a deterioration in their efficiency, i.e. usageesfpenditures in an inefficient
way. It should also be noted that in all analyse@ry, countries such as
Germany, Estonia, Lithuania and Latvia achieved% @fficiency in terms of
transport accessibility. Germany has a very welletteped structure of road and
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rail networks, so its high efficiency in terms odrisport accessibility comes as
no surprise. In contrast, Estonia, Lithuania antiaaare characterised by a poorer
transport system. However, the specified countréestheir expenditures in the best
way. Consequently, their efficiency index is atléhes| of 1.

Figure 20. Efficiency index of transport accessilitly in European countries in the years 2000,

2005 and 2010
3
I~ . FAN
A A LN X
0

BEBG CZDKDEEE IE EL ES FR IT LV LT LUHUNL AT PL PTRO SI SK FI SE UK

2000 2005 2010

Source: author’s own study.

6. Conclusions

Differences in the level of the accessibility oéiffht land transport in
European countries are caused by the varying poput particular modes of
transport. In addition, these countries also varyeconomic, geographic,
environmental and social terms. The results oftedysis of efficiency in terms
of transport accessibility in the European coustrian be considered as
satisfactory. For most countries, one can seetaigerariability in time, which
may result from changes in transport policy conedicboth by the national
governments and by the European Union (of which tnodsthe analysed
European countries are members).

The DEA method allows one to reach some interestiogclusions.
Therefore, the application of this method in thiglgsis should be considered
justified. The advantage of the DEA method is tiere are no requirements
regarding the form of the function expressing tleéatronship between the
expenditures and the results. The variables desgrithe expenditures and
results can also have different denominations. gitiwe aspect of the application of
the DEA method are also the results specifyingabje which a particular object
should become similar if it wants to increase fficiency. On this basis, the
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governments of particular countries may want corafgein the conducting of
transport policy. Countries with high efficiencyutd prepare a catalogue of
good practises in transport operations for coustiiieat would like to improve
their efficiency.
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Streszczenie

DOSTEPNOSC TRANSPORTOWA W SWIETLE METODY DEA

Rozwdj infrastruktury transportu i wzrost sprawcioobstugi transportowej jest
jednym z istotnych czynnikéw wzrostu gospodarczZégpcie dosgpnasci transportowej
mana rozpatrywd w r&nych aspektach. W niniejszym artykule skupiono gwasy
dostpnasci towarowej drogowej i kolejowej mierzonej wypsaem infrastrukturalnym.
Podstawowym celem opracowania jest dkre efektywnii wybranych krajow Europy
w 2000, 2005 i 2010 roku pod waigm dosgfpnasci transportowej przy danejstie nakladéw
i rezultatéw. Badanie efektywdud zostanie przeprowadzone na podstawie analizy RB4.
Data Envelopment Analysis), ktérej przedmiotem @estna efektywroi, z jalky dana
gospodarka transformuje posiadane naktady na wyHikioteza zakladae istniey roznice
pomidzy efektywrigig pod wzgidem dosgipnaosci transportowej w krajach europejskich
oraz mdliwe jest podniesienie analizowanej efektysenopoprzez wykorzystywanie
daswiadczé krajow, ktére charakteryzpjsie wysokim poziomem efektywitio

Stowa kluczowe: doskpnas¢é transportowa, wskamiki infrastruktury, efektywnid,
metoda DEA



