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Abstract: The development of linear infrastructure is impottéor the development of logistics, for the ecoimom
development of regions. The is at the same timéiadlyadifferentiated between regions. The regi@e strongly
developing their linear infrastructure in orderéduce the disparities in the development of féedliand roads. The aim
of the study was to diagnose the condition of lire&astructure and to indicate its spatial chanigethe years 2011-
2021 in Poland. The were used to build a syntmedasure using the Technique for Order Preferen&rhiarity to an
Ideal Solution method. The synthetic measure @alirinfrastructure ranged from 0.01 (wafskio-mazurskie) to 0.60
(slaskie) in 2010 and 0.3%Wictokrzyskie, podlaskie) to 0.56l§skie, matopolskie) in 2021. A higher value of syaiit
measure of linear infrastructure indicates a beitesition and higher competitiveness of the voiabile within the
research area. The provinces well equipped witkalirinfrastructure include the provincessbifskie, dolndlaskie,
matopolskie. The provinces where there is an imgmeent, and road connections are developing, iechatilaskie,
swigtokrzyskie. They are not counted among the higlelyetbped economically and do not make the besbfifee
opportunities offered by a developed road netwéudtion taken in this aspect must be based on aeslis facilitate
comparisons and on current information necessargffective action.

1 Introduction
The nation's transportation infrastructure is distdio its
economic growth. Is a crucial sign of its economipansion.

of transportation infrastructure, which has an esgveffect on the
environment. Because it facilitates the movemegmgpble and the
trade of goods across space. The transport inb&st plays a role

Roads, highways, and rairoads are examples ofrlindn the growth and development of an area. In addit causing

infrastructure. They provide serious hazards ttotia ecosystem
and biodiversity, but they can also have majottipesocial and
economic effects. For linear infrastructure, aiapgatanning tool
that balances the costs and advantages of envimtainaed
socioeconomic factors is required. A variety afasifuctures are
necessary for the growth and welfare of humantgotimear
infrastructures  have created significant ecologicahd
environmental issues in addition to their enormecsnomic
benefits (Wu, Li 2022) [1].

Infrastructure plays an important role in promotimg socio-
economic development of a region. In particularptovision of
transport infrastructure is important for agri-foagpply chains,
which have some specific characteristics that ibater to the
complexity of external logistics. Transport infrasture has an
impact on green and sustainable development, amomem
growth due to the investment during the constiipiiod and the
possible positive externalities after constructidore energy is
used and, consequently, more CO?2 is released theitilding

landscape fragmentation, the construction of limfeastructures
has a variety of negative effects on biodiversityraatural habitats
(Tan, Pan, Xu, He, 2022) [2].

The European Union (EU) has paid particular attett the
development of infrastructure, especially transpor,
considering it a key element in ensuring territatishesion.
Investing in transportation is key to sustainalseelbpment,
enabling the free movement of people, goods axidesgrwhich
translates into economic development and cooperagitween
countries. As part of its cohesion policy, the EBhests in the
construction and modernization of road, rail, sebeér networks,

aiming to close the gap in access to modem mofles o

transportation. Such policies aim not only to inaprmobility, but
also to integrate peripheral areas, which in ths pare less
developed and had difficult access to key mari&tShe road
system plays a key role in both maintaining thetthed the
economy and generating social benefits. With anieseeasing
awareness of climate change and sustainabilityspogtation
infrastructure researchers, engineers, and aett are pursuing
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innovations to conserve natural resources and eedoergy

influencing the changing needs of society. Spataldependence

consumption and emissions. Roads are the backbbnereders to the geographic proximity and common itmeabf

transportation, which drives trade, tourism, addsiry, which in
turn drives economic growth. As a result, a weletlgped road
infrastructure promotes economic stability andetirinvestment.
The road system not only supports the economyldithas a
tremendous impact on improving the quality of dfesociety,
reducing geographic isolation, improving accessetuices, and
integrating communities [4]. Differences in theioefhcy of
infrastructure and quality of logistics systemdifferent countries
can be identified as the source of several prohierte global
supply chain, such as lack of connectivity betweenntries,
congestion, high costs, delays in shipment flowdtanassociated
increase in logistics costs [5].

The aim of the research was to assess the spsiaimbrtion
of linear infrastructure at the level of voivodeshin Poland. A
voivodeship in Poland is a teritorial subdivisitrat is an
administrative part of the country, which is resjitala for carrying
out public tasks. The availability of data fromtiStas Poland
played a key role in their selection. The resganatess sought to
identify the essence of linear infrastructure amdsaaffected by
polarisation in the provincial economic system(fh22021. The
Technique for Order Preference by Similarity téddeal Solution
(TOPSIS) method was used to build a synthetic measthe
analysis was performed for the years 2011-2021thencbsults
were presented for extreme years. This made ibjgosindicate
the dynamic aspects of the phenomena studied acohtml
deviations in the phenomenon associated with changedor
example, the economic climate of the province.émghtation of
the objective required answers to the researctiangs.e. What
is linear infrastructure and what are its detemtg®ls there
territorial cohesion in terms of linear infrastiwe? What is the
strength of the interactions between the lineaashiicture
diagnostic variables? To what extent have sphtiphrities in
linear infrastructure been bridged?

2 Literature review

Infrastructure systems are interconnected andemdfel each
other. A better understanding of these interdepereiesupports
urban and provincial efforts. Recognizing thesrdependencies
allows one to see patterns that can help bringt abamges in
urban and provincial infrastructure systems, ptéxg@onexpected
consequences and eliminating systemic blockagéectitly
sorting out the reciprocal mechanisms betweenstniure
systems can enhance the understanding of trarsitioaesses in
the context of sustainable development. Infrasireiclystems are
part of broader socio-technical systems that pepgwocess and
distribute specialized services, materials anduress, thereby
supporting the well-being of citizens and the préectioning of
cities. One of the key functions of social infriastinre is to provide
basic urban services, such as the provision ofgnsater, heat,
transportation and sanitation, which meet sociadsieand
contribute to the quality of life of residents [6].

Social institutions influence the formation of asfructure
systems through political action, lobbying, caalitbuilding, and
the establishment of social norms, customs, ahdeuhstitutions
and infrastructure systems develop simultane@diyting to and

different infrastructure systems, such as therghafi networks,
infrastructure elements, and space. Functionatiégendencies,
on the other hand, arise when different infrastractystems play
complementary or competing roles, which affects tneitual
functionality. These interdependencies result fraexchange of
material resources and information, as well asdamplementary
or competing functions [7].

Transportation infrastructure is a key componera ofell-
functioning economy, playing a vital role in iteromic and social
development. Transportation brings numerous betefitociety,
providing access to education, jobs, goods, sepnaswell as
enabling leisure and promoting physical activitgay life. The
development of transportation infrastructure issiclaned an
essential foundation for economic growth, as éatly supports
production and economic activity. Investment imggrtation
affects economic growth by increasing the effigrenfdabor and
capital, reducing costs through improved trandgmntefficiency,
accelerating structural change in regions, inatptiie industrial
sector, and modifying aggregate market demand [8].

In neoclassical economic growth theory, the dewestop of
transportation infrastructure combines technolbgicd political
factors to create a residual period of technolbgicgress. The
theory of endogenous economic growth suggests tiieat
externalities of infrastructure investment arepifary source of
long-term economic growth. The development of partation
infrastructure should be viewed as the physicibtapthe region
[9]. Govemments, non-govemmental organizations, lacal
communities are striving for sustainable developmehich
underpins activities at all levels of infrastruetamanagement and
development. In the context of transportation $tftature
construction, a key goal is to minimize the negaitiupact that
construction materials, construction processesetated activities
have by reducing emissions, natural resource cqatistnand
environmental degradation. Sustainable developmeht
transportation infrastructure focuses on balaregngomic, social,
and environmental needs to ensure long-term effigieand
minimize side effects on future generations [10].

The development and implementation of transpantatio
infrastructure has a significant impact on thetiocadecisions of
businesses and households, as it improves adigdsiviarious
markets, services and resources. This makesit fEadiusinesses
to reach new customers and suppliers. For househmitter
transportation infrastructure provides easier acdes jobs,
education, health care and other services, whiptoires quality
of life. Increasing accessibility and improvingisportation can
lead to increased traffic congestion, resultingnare traffic jams
and longer travel times. Therefore, developingspartation
infrastructure requires balancing the benefitscoéssibility and
efficiency with social and environmental costs [ElHeveloped
transportation infrastructure is a key determinaintregional
advantages, as it reduces transportation costs) rtcourages the
development of various industries and sectors. Gaasportation
infrastructure  contributes to the growth of indabtr
agglomerations, as it enables companies to coateetr one
region, which generates economies of scale andovwepr
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competitiveness [12]. The development of trang@mta environment, making it more accessible to wealthier
infrastructure can reduce trade costs, narrow@ribe gap and neighborhoods. Economic barriers, such as entfeeseand
increasing inter-regional trade flows, leadingrténaproved trade transportation costs, can limit access to greeespso eliminating
environment, better market integration and an a&seren gross these obstacles is key to promoting social equity iaclusive
domestic product (GDP) per capita [13]. Accessilpliovided by  access. Understanding inequalities in accessdn irigastructure
transportation infrastructure helps people seobe gives access requires taking into account individual and neighbod factors,

to a variety of services, and allows businesséstdeact with
customers and manufacturers [14]. Transportatiastructure is
characterized by its durability, high constructimel maintenance
costs, long construction and use periods, and ingaint-to-point
nature. Despite its many benefits, its developriseassociated
with serious environmental consequences, includZg2
emissions from fossil fuels. Improving transpastainfrastructure
is key to allocating resources efficiently, cregtm favorable
business environment and providing higher retumrsvestment.
In addition, government spending on transportaii@mneases
economic competitiveness, promotes trade, tourfsmeign
investment and job creation [15].

The development of transportation infrastructurecities
should include not only automobile transportatiat, also the
development of public transport systems, pedesiridnbicycle
paths, which positively affects the quality of tlgesidents. These
investments must take into account measures toataiirnate
change, promoting low-carbon modes of transportatind
investments in green infrastructure. The relatiprisktween green
infrastructure and transportation infrastructurecasplex and
dynamic, and their integration is key to achievimg goals of
improving quality of life, reducing emissions aitiiaving social
and economic sustainability.

Green infrastructure can mitigate problems associadth
urbanization, support biodiversity, improve citgehealth, and
increase resilience to climate change. The use reéng
infrastructure depends on financial resources &ard utban

the impact of which is still not fully understodd].

Urbanization and growing urban populations ardesigihg
existing transportation networks, requiring investmin new
solutions and adaptation of current systems to tieeteeds of
modern agglomerations. It is crucial to ensure legg@ess to
public transportation and infrastructure for ajireents of society,
especially the less affluent, in order to promatstainable
development. Transportation is a basic need teatafesidents'
independence, autonomy and quality of life [17].

3 Methodology

The process of constructing a synthetic measung tise
TOPSIS method involves the following steps (Hajdigionek,
2021)[18]: (1) selection and verification of diagnostariables
(both substantive and statistical); (2) normalizatiariables and
identification of stimulants and destimulantsg@jregation of the
synthetic measure of linear infrastructure usirg TOPSIS
method; (4) ranking of voivodeships based on thehsiic
measure of linear infrastructure; and (5), (E)iméation of the
results in relation to the studied entities.

To create a synthetic measure, diagnostic variakbre
chosen based on their substantive relevance, #elegefficient
of variation, and low correlation with other valéh[19-20].
Table 1 presents the selected variables, whichga#hvered across
the voivodeships of Poland.

Table 1 Diagnostic variables used in the analyiinear infrastructure of voivodships in Poland

X1 Expenses Total transport and communicati pln/per capit Stymulan
X2 Expense:- voivodship public roac pln/per capit Stymulan
X3 Roads for bicycle km/100km: Stymulan
X4 Total public road: km/100km: Stymulan
X5 Expressways and highwa km/100km: Stymulan
X6 total bridges and viaduc sz/100km Stymulan
X7 total railroads km/100km: Stymulan
A matrix of observations, denotedXas is used to represent _
the set of diagnostic variables: 7. = — 0 X henx €S @)
g max;Xjj—min;jxjj ! ! !
X11 X1in R
—| : : — XijXij .
X = : @ Z; = —— whenx; € D, )
Xm1 Xmn

whereX;; € R-denotes the values of the i-th test objectvelt
the j-th diagnostic variable, i - object number (, 2, ..., n), j -
variable number (=1, 2, ..., m).

The zeroed unitarization method was applied to alaethe
diagnostic variables, scaling all values to thenal [0,1]. The
variables are normalized according to the spedieadulas [21]:

where: S-stimulant, D-destimulant; ngaxthe maximum value of
the j-th variable, mig - the minimum value of the j-th variable, x
— denotes the value of the j-th variable for ttedbject [22], £
normalization value of the j-th variable for tthh Bbject [23].

The unitization process produces a value matirsepted by
the functior;;, which is expressed as follows:
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the pattern (from 1). A higher value of the meaieates the

Z11 Zin better situation of an individual in the studiesbg25].
Zy=|+ ™~ i @. Based on the meaR)(and standard deviation (Sd), four
Zm1 " Zmn groups were found ordering the synthetic measwedses,

. according to the formula (8):
The following formulas were used to compute th

voivodeship's Euclidean distances from the patwh anti- Group | (highest level)  BHS(sKg )
pattern: _ Group Il (high level) Bag< Sk)+S(s)
(a) the distances of objects from the pattemn: Group Ill (medium level)  Sf-S(skqg< SK)
Group IV (low level) iq S&)-S(s)
1ym +)?
= |23m (2, - z 5 . . )
\/ n 2 = ) © In Statistica software, bag plots, Gini coeffiGienaps of

) ) . spatial differentiation of provinces according ke tsynthetic
(b) the distance of objects from the anti-pattem: measure, Pearson's linear correlation coeffici8pesman's rank,
gamma, and Kendall's tau were created.
\/ 2z - ) © 4 Results and discussion

) o ) As society progresses and intemational relatieosrbe more
where: n- denotes the number of variables builgimtern or anti- - yerconnected, the role of transport infrastrecas a driver of
patternz; ;- denotes the normalized value of the j-th chaisiit®  oconomic and social development is becoming ifoghas
for the unit under StUdy (or the normalized vaﬁlbe)j-th variable S|gn|f|cant The Synthe“c measure of linear itftature ranged
i-th object)z;" / z; - denotes a pattern or anti-pattern object [24].from 0.01 (Warmisko-Mazurskie) to 0.6G#askie) in 2010, and

from 0.31 Swictokrzyskie, Podlaskie) to 0.56Sl{skie,

The Technique for Order Preference by Similaritgriddeal  Matopolskie) in 2021. A higher value of the syritheteasure (q)
Solution (TOPSIS) method was used to determineythiaetic  indicates a better position and greater compeiits® of the

measure for each province according to the for(yila voivodeship within the analyzed region (Table BieSe variations
highlight the disparities in the development adininfrastructure
qi (synthetic measure of linear infrastructure) = across Poland's regions. The differences in thbefgnmeasure

) reflect not only the level of infrastructure dewsi@nt but also the
varying capacities of these regions to supporiaenargrowth and
improve accessibility. It provides valuable insigta the evolving

whereg; € [0; 1];d;” - denotes the distance of the object from theatterns of regional development and competitigenes

anti-pattern (from O)J;" - denotes the distance of the object from

gdzie0<q; <1,i=1,2,..

d; +d+’

Table 2 Groups of synthetic measure of the atiamiiss of linear infrastructure of voivodshipsataRd in 2011 and 2021

or voivodeship synthetic measufe voivodeship synthetic measure
in 201: in 202
|| Slaskie 0.6( Matopolskie 0.5¢
Matopolskie 0.42 Slaskie 0.5¢
Dolncélaskie 0.3¢ Dolncélaskie 0.4¢
Il | Opolskie 0.2¢ £ Odzkie 0.4
Wielkopolskie 0.2¢ Kujawske-pomorski 0.4
Wielkopolskie 0.4(
Nl | Kujawske-Pomorski 0.2: Mazowieckit 0.3¢
Swietokrzyskie 0.2 Lubelskit 0.3¢
Mazowieckit 0.2 Warmiaskc-mazurski 0.3¢
£ Odzkie 0.2] Zachodniopomorsk 0.3¢€
Lubuski¢ 0.2( Pomorski 0.3¢
Pomorski 0.2( Lubuski¢ 0.3¢
Zachodniopomorsk 0.1¢ Opolskie 0.3¢
Podkarpack 0.1¢ Podkarpack 0.3t
Lubelskie 0.1i
Podlaski 0.1:
IV | Warminskc-Mazurskis 0.07 Podlaski 0.31
Swietokrzyskie 0.3
~ 700 ~
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In Poland, there is significant regional variaiiokey elements growth and better connectivity within Poland [26]he
of transport infrastructure, particularly in thesiey of motorways, development of road infrastructure in Poland i®eessity and
expressways, and operational railways. In 2019ddmsity of guarantees great benefits for society. Developetimfrastructure
municipal and district hard-surfaced roads in Rbfeached 82.6 strengthens the economic, spatial and social colefthe country
km per 100 km?, marking an increase of 25% compgar2d05, and its regions, provides opportunities to savestorage and
when the density was 66.2 km per 100 km?. Thicates a transport costs, facilitates the sale of goodssandces outside
considerable improvement in the accessibility @illareas across local markets, enables the movement of workerote efficient
the country in recent years. Such developmentdisheseen as and attractive regions, and increases the lewabbility of society
highly positive, as they enhance opportunitieduidiner regional [27].

Table 3 Descriptive statistics of diagnostic veaaland synthetic measures of attractivenesseef infrastructure of voivodeships in Poland
in 2011 and 2021

= = is 1
o ] ] g e 8 1] a
: § 2 %2 9= 3= ¢ ¢
FAEE E 5 £5 58 & 2
@)
2011
synthetic measure of linear = 0.25 0.07 0.60 0.53 0.09 0.13 51.93 1.60 3.06

infrastructure

expenditures transport 17252 13548 @ 24081 10533 @ 46.13 = 3298 19.12 0.92 -0.02
and communications

expenses - voivodship 9924 4125 15034 10909 3179 @ 30.06 3029 0.20 -0.07
public roads

roads for bicycles 191 0.83 4.54 3.71 1.51 0.98 51.56 1.17 2.04
public roads 13403 = 8330 21450 @ 13120 3450 @ 3485 @ 26.00 0.98 1.13
expressways and  0.61 0.00 1.98 1.98 0.62 0.52 84.59 1.15 1.99
highways

bridges and viaducts 12.13 5.00 33.00  28.00 7.50 8.50 70.10 1.56 1.40
railroads 6.96 3.80 17.40 13.60 2.00 3.17 45.50 2.58 828

2021

synthetic measure of linear | 0.39 0.31 0.56 0.26 0.07 0.08 19.97 1.27 0.87
infrastructure

expenditures transport = 23234  147.18 | 35848 211.30  65.66 55.32 23.81 0.97 0.50
and communications

expenses - voivodship = 12622 = 69.88 | 24746 17758 @ 5490 @ 45.10 35.73 1.33 2.31
public roads

roads for bicycles 592 3.08 11.10 8.02 345 2.14 36.16 0.91 0.70
public roads 13874 = 8560 = 20750 @ 12190 3575 @ 3332 @ 24.02 0.59 0.52
expressways and | 149 0.81 2.95 2.14 0.81 0.66 4411 1.15 0.61
highways

bridges and viaducts 13.69 6.00 36.00 = 30.00 7.50 9.04 66.04 1.57 1.46
railroads 6.61 3.80 15.20 11.40 1.95 2.67 40.38 2.39 7.27

Effective transport infrastructure is crucial fa conomy and while right skewness indicates the opposite. Thgrede of
society, but it also impacts the environment irfouar ways. skewness reflects the distribution's asymmetn/i€Tab
Between 2011 and 2021, measures of central tendeean) Central and Eastern European countries have ciifi
increased (except for railways), while variabilitpeasures deficiencies in transport infrastructure, whicteetf economic
(standard deviation, coefficient of variation) sedvaoth increases development and production. Transport infrastracstould be
and decreases. Higher kurtosis values indicateeagnncentrated evaluated both as a whole and by transport mogeiakiors for
distribution around the mean, while lower kurtesfiects a wider analysis include the level of transport, intermafigation,
spread of values. The synthetic measure showesttdsfiness for infrastructure quality, and efficiency of servicédsnong EU
variables like bicycle roads, public roads, artdiags (AS<0), and countries, the Netherlands leads in transport olevelnt, while
right skewness for transport and communicatiomdipg on Bulgaria ranks lowest. The Baltic States lag imspart
provincial roads, expressways, motorways, and d8iggS>0). internationalisation compared to EU leaders suG@easmany, the
Left skewness means more units have values abevadhn, UK, and Spain [28].
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warmirisko-mazurskie
0.07

. wielkopolskie
s 0.25

dolnoslgskie
0.39

1.00- 037
0.37- 0.25

0.12 - 0.00

i .
_{opolskie ¢

029 7" ¢iaskie +

0.
Eil matopolskie

0.42

2021

1.00- 0.47 ﬁh matopolski
0.47- 0.39 : 0.56

podlaskie
0.31
kujawsko-pomors

J 0.41

wielkopolsk ™,

fodzkie
0.41

Swigtokrzysk
0.31

dlaskie”
0.56

0.32- 0.00

Figure 1 Division of provinces according to theueabf the measure synthetic attractiveness of linieastructure of provinces in Poland
in 2011 and 2021

The voivodeships with well-developed linear (tramdp
infrastructure includeSlaskie, Dolndlaskie, and Malopolskie,
where increased spending on public roads and ve&gment of
expressways and motorways are evident. Thesenrerstare
crucial due to the underdeveloped railway netwaddklae growing
demand for both passenger and freight transporiot#eships

There is a systematic increase in the demandafespiort in
Poland. This is due to an increase in the volumgraafuction,
international exchange, concentration of produciiod service
activities, changing lifestyles and increased ritpbidf the
population. At the same time, despite the consitdeiravolvement
of the administration in the development of thel regstem, the

such as Podlaskie afdigtokrzyskie, while showing progress in quantitative and qualitative development of thel infiastructure

road infrastructure development, still lag econeliyi@nd fail to
fully capitalize on the advantages of a developed network.
Transport infrastructure plays a vital role in ewti@y economic
competitiveness, innovation, and territorial catreshs a result of
insufficient transport infrastructure, areas withw | spatial
accessibility have emerged in Poland’s regional metibnal
system. Based on the mean value and standardiatevibe
provinces were categorized, with darker coloraiilig better-
performing regions according to the primary cetemd lighter
colors reflecting weaker regions (Figure 1).

In the voivodeships, expenditure on infrastrudexelopment
accounts for a significant part of the budget arahe of the most
anticipated investments by the local community. difeztions of
development of transport infrastructure may inchasktalisation,
modernisation or construction of new transpore®uthe length
and density of the road network varies by provifibe. values of
the individual indicators differ considerably, whis due to various
conditions, the most important of which seem tchistorical-
geographical factors, the difference in area, ffferehce in
population and the different economic charactsistf the
provinces. The geographical indicator (per 100kmd¥ the

and its condition are not adequate to Poland'cttioas. The
development of the road infrastructure will beconeeeasingly
difficult, the construction of new roads is notyoal significant
investment, it is also an often difficult to acdegmhsformation and
occupation of land. It is therefore becoming necgd® make
better use of the existing road infrastructure. [RQ§ therefore
necessary to complete the road infrastructureeiredtst of our
country as soon as possible.

The values of the individual indicators differ sigantly from
each other, which is due to various conditiong/tath the most
significant seem to be historical-geographicabfacthe difference
in area, the difference in population and the rdiffeeconomic
specificiies of the provinces. In terms of theseiables, the
provinces of group | are in a better situation thenothers. The
length and density of the road network varies voivodeship to
voivodeship in Poland (group | units are in a beitation, group
IV units in a weaker one).

Figure 2 illustrates the relationship between #methstic
measure of linear infrastructure and two key itdisa gross
domestic product (GDP) per capita and per capiteetmld
transport expenditure. The chart highlights thderdiftiation

highest in botiflaskie and Matopolskie voivodeships, and themong voivodeships based on these factors, idegtibytiiers
lowest in Warmisko-Mazurskie, Zachodniopomorskie, Lubuskighat belong to Group I, which stand out in termhefr unique

and Podlaskie. Other results, which are sometineeisiterse of
the geographical indicator, occurred in the cageafemographic
indicator, which is due to the population size daflish
voivodeships [29].

characteristics. The shape and distribution ofettgrsups in
subsequent years may reveal trends of convergedivergence,
reflecting the evolving disparities or improvemémisfrastructure
development and its impact on economic performaamzt
household transport expenditure across the regions.
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Table 4 The average value of the synthetic measdrdiagnostic variables by synthetic measure gatitativeness of linear infrastructure of
voivodships in Poland in 2011 and 2021

group: | | I Il \% I I Il \%
201! 202!
synthetic measure of linear 0.47 0.27 0.19 0.07 0.54 0.41 0.36 0.31
infrastructur
number of unil 3 2 1C 1 3 3 8 2

expenses on transport =~ 184.56 183.67 169.42 145.09 2212 19043  252.01 .2433
and communications

expenses - voivodship ~ 93.74 94.1 105.13 67.14 112.91 103.68 13219 156.08
public roads

roads for bicycles 2.7¢ 2F 1.6¢ 0.8¢ 7.3¢ 7.0¢ 5.4¢ 3.7¢

public roads 17750 127.: 126.1 95.f 178.¢ 14610 119.9¢ 142 .4
expressways and 1.28 0.88 0.39 0.3 2.16 1.96 121 0.86
highways

bridges and viaducts 2€ 11t 8.1 6 30.6: 9 1C 1C
railroads 11.2 8.1 5.6¢ 51 10 6.2 5.71 5

gross domestic product | 41656.3 377195 357456 29175 70138.7 65425 6122%Q@339.5
per capita

household 98.05 92.14 91.49 65.49 13248  110.27 123.2 101.56
transportation

expenditures (average
monthly  expenditure
per person)

The role of infrastructure in the economic develepiprocess  resources, as well as extending the productividreédy existing
consists mainly in creating the conditions for patidn activities.  resources. The influence of the diagnostic vagatflthe synthetic
The lack of transport infrastructure may be theseaof the measure of lion infrastructure, gross domesticyatoper capita
marginalisation of regions, i.e. their exclusiamnirdevelopment and per capita household transport expenditureedevel of the
processes and thus the exclusion of their inhé&biteincreases the synthetic measure is presented in Table 5.
production capacity of an area by increasing abigsto

Table 5 Correlation of the synthetic measure ofififrastructure attractiveness and the diagnasti@bles of voivodships in Poland in 2011 and 2021
(Marked correlation coefficients are significantwt< .05000; N=16)

synthetic measure of linear infrastructure

Pearson's linear Spearman's rank Gamma Kendall's tau
correlation coefficient correlation correlation correlation
coefficient coefficient coefficient

2011 2021 2011 2021 2011 2021 2011 2021
expenses on transport and 0.03 -0.14 0.01 -0.11 0.03 -0.07 0.03 -0.07
communications
expenses - voivodship public -0.28 -0.27 -0.24 -0.33 -0.20 -0.25 -0.20 -0.25
roads
roads for bicycles 0.72 0.53 0.61 0.54 0.52 0.38 0.52 0.38
public roads 0.76 0.70 0.56 0.55 0.40 0.35 0.40 0.35
expressways and highways 0.83 0.64 0.82 0.67 0.66 0.50 0.66 0.50
bridges and viaducts 0.93 0.82 0.68 0.28 0.56 0.21 0.55 0.21
railroads 0.89 0.68 0.88 0.45 0.73 0.32 0.73 0.32
gross domestic product per 0.35 0.38 0.64 0.61 0.45 0.40 0.45 0.40
capita
household transportation 0.23 0.22 0.39 0.30 0.30 0.20 0.30 0.20
expenditures (average
monthly expenditure per
person)
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expenditure - transport and communications

gross domestic product per capita expenses - voivodship public roads

household transportation expenses

2011;y =170.5439 +8.0075*x; r = 0.0311; p =0.9091; 1% =0.0010
O Expenditure - transport and communications ® Median ** Outliers

2021;y =271.4935 - 99.376*x; r = -0.1413; p = 0.6016; r2 = 0.0200
O Expenditure - transport and communications B Median ¥ Outliers
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Figure 2 Scatter plot with fit line for the syntbeheasure of attractiveness of linear infrastrietaind the diagnostic variables of linear infrastrue
of voivodeships in Poland in 2011 and 2021
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The Gini coefficient of concentration (Table 6)gets changes
in the differentiation of voivodeships, showingpeitincreasing or
decreasing inequality. A higher Gini coefficierdigates greater
regional disparities in terms of transport infragtire, while a
lower value suggests more equal development argEms.
Barriers to improving transport infrastructure wattoivodeships
include the local economy's state and structureehs:s factors

related to quality of life and environmental cdodi.
Additionally, historical development patterns, fimal decisions,
and funding allocation can also impact the paceesteht of
infrastructure improvements, further contributirgy regional
disparities. Overcoming these barriers requiragetied policy
interventions and investments aimed at reducingaiiies.

Table 6 The Gini coefficient for the synthetic miesand diagnostic variables of the linear infresture of voivodships in Poland in 2011 and 2021

201 | 202:
Gini coefficien

synthetic measure of linear infrastruc 0.3t 0.2:
expenses on transport and communicat 0.2: 0.2¢
expense:- voivodship public roac 0.2¢ 0.31
roads for bicycle 0.3¢ 0.32
public roads 0.2¢ 0.2¢
expressways and highwa 0.5i 0.3t
bridges and viaduc 0.4¢€ 0.4
railroads 0.3t 0.31
gross domestic product per caf 0.2¢ 0.2¢
household transportation expenditures (average hyoekpenditure 0.22 023
per persor ' '

A robust and efficient infrastructure is essefiiathe smooth
functioning of the economy. In countries with higfiastructure
quality ratings, such as Germany and the UK, vsidished
investment mechanisms are in place. These meclsapisnide
benchmarks for decision-making and the assesshievesiment
effectiveness [31].

Infrastructure consolidations are characterizedabgmall
average area and often face difficulies in bugldimear

infrastructure, which can be a barrier to developme dynamic economic,

Infrastructure consolidation also provides oppditsnto create
public spaces and improve transportation and deainatworks,
which supports rural development [32].

Transportation plays a key role in promoting saxdlesion,

The synthetic measure of linear infrastructureadrfigm 0.01
(warmiasko-mazurskie) to 0.60sl{skie) in 2010 and 0.31
(Swictokrzyskie, podlaskie) to 0.584skie, matopolskie) in 2021.
The provinces well equipped with linear (transpoftastructure
include the provinces oflaskie, dolnélaskie, maltopolskie.
Voivodeships where road connections are visiblyeldeing
include podlaskigiwictokrzyskie.

Regional authorities constantly face challengamgrfrom a
technical, sociocultural, and uraht
environment. To effectively address these chalfgiitgecrucial to
ensure not only rapid but also balanced and salskin
development of infrastructure across regions. @gguoonitoring
and analysis of linear infrastructure are essdatiauthorities to

creating connections between people and their .needssess and adjust their policies based on reatiitagespecially

Transportation systems are usually evaluatechirstef economic
efficiency, but sustainable urban development resj@iccess to
(sustainable) transportation. With rising real testaices (e.g.,
housing), people with lower incomes may have o @al cars,

undermining sustainability goals. It is therefonpartant to better
integrate transportation and land use planning [33]

5 Conclusions

regarding the disparities between provinces. Theges observed
in synthetic measures should be used as a taaldhuating the
outcomes of previous management strategies, faiticn terms
of their impact on the key infrastructure indicatoA major
concern for many regions, especially in relatidnftastructure, is
depopulation. To counter this trend, authoritiedystiemographic
and migration patterns and assess residentsic@isfwith life in
the region. In future studies, it will be importémtincorporate

Despite the ongoing intensive development of lineddditional variables such as the transition t@argeconomy, the

infrastructure, significant disparities remain temiw Poland's
voivodships. The quality and extent of transpdrstructure are
considered crucial factors for the economic devedp of both
cities and entire regions. Well-developed infrasine not only
facilitates trade but also enhances the mobilitjalebr, which

positively influences the flow of human resouréesthermore,
improved transport systems contribute to reduciegjonal

disparities by providing more equitable access don@mic

opportunities, thereby strengthening the overafipmitiveness of
regions.

expansion of green infrastructure, and the bromdeacts on
quality of life and the environment. These factmes vital for
ensuring sustainable development and improving ity

standards of local communities.

The limitations of the research conducted on orvhleiation
of linear infrastructure are primarily relatedte availability and
accessibility of data within the framework of thetiStics Poland.
Additionally, challenges arise from the comparghitf the
variables used to describe the phenomenon bedigdstas some
variables may differ across regions or over timear@es in
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legislation, which can affect the interpretation @ollection of
data, further complicate the research process.avienehe scope
of tasks and responsibilities carried out by paiauthorities can
vary, influencing the extent to which infrastruetalevelopment
and other factors are addressed. These factastively present
challenges in ensuring consistent and accuratgsanakcross
different regions and time periods.

The value of this article lies in the presentatibthe results
regarding the spatial differentiation of linearastructure for the
years 2011 and 2021. The findings contribute tooiogg
discussions surrounding the development and camdiff a
country's linear infrastructure, as well as itaey environmental
context. This topic gains particular relevance ight | of the
European Green Deal, which emphasizes the trartsitdeaner,
more sustainable forms of transportation. By exain
infrastructure trends over the past decade, tiee gorovides
valuable insights into how transport networks cafve to align
with the goals of environmental sustainability,resaic growth,
and the reduction of carbon emissions.
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