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Abstract

An analysis of economic and social indicators provides a good overview of the situation of a country or region in terms
of a service or an industry. These indicators can help determine development, even in a community such as the European
Union. to establish rankings and take appropriate strategic decisions at the transport policy level. This study aims to analyse
road freight transport's economic and social impact. The analysis of economic and social indicators for freight transport in
logistics is presented. The trends in vehicle population change in the EU countries were examined, and the relationship
between road freight transport and population development in the countries under study was analysed from an economic
point of view. The aim was to explore the effects of transport policy measures taken in the region over the last ten years on
freight transport. both economically and socially. The study found no correlation between social and freight transport
indicators in the EU Member States. Whereas, there is a correlation in the economic dimension, which may raise further
questions, for example, when looking in more detail at the situation of a country within the Community.
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1 Introduction

The relationship between economic growth and transport is a popular key research topic, but it also has many untapped
areas. To ensure continued economic growth. it is essential to answer the question of the contribution of each financial sector
to development. In addition to the economic impact, it is essential to explore exactly what the environmental impact of
freight transport is and what opportunities we have for creating sustainable transport. including transport directly linked to
freight transport. An important step is to map and model the present and past situation and draw conclusions. At the same
time, it is essential to note that convergence always has a crucial third area. the social impact. although this is not given
much attention in logistics, including freight transport. With this in mind, Figure 1 illustrates this study's defined and
delimited field.
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Abstract

Ecological economics exists in relative isolatemong theeconomis disciplines. This is mainly due to the difficuliyhich economics
hasin digestingthethought that thecosystem as an entitganexist independentlgf humansociety since thementalityof economics is based
onindividual utility and economiefficiency. However, the ecosystem can be integrated into the mainstream New Keynesiaasiidue
been demonstrated in practidgplying modern models, th study explores why it is difficult to change theualapproach tdNaturein
economics. It lBo examines how far the ecosystem and economicsiEatock
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JW]hen should the forest be cut for timbgrd [ W]hen the rate of growth of the forest equals the interest rate.
(Varian, 2010 211)

1. The puzzle

The need for environmentakotection andhe negative externalitieaffecting naturewas recognizedmany
decadesagq but natureis still one of the capital asseishile ecological economics is an isolated discipline.
Although the longterm challenges and impacts of environmental damagearacluded in economic modelling
and forecasting, thmost widely used, New Keynesiashat and mediunterm growth modelfiavenot really
integrat@ the constraint that resources are finite. Indeed, mainstream nzodedsen less likelto reckon with
the finite load capacity of the climate afid environment, as well &s recognize thatrnvironmentaldamage can
lead to irreversible processea ahuman timescale. In the followingpages this objectified understanding of
naturewill be reviewed tanvestigatevhatprogresias been made and potentially can be nimtlgeintegration
of the ecosysteninto mainstreaneconomics

Dasgupta (208 2009 demonstrates thah economicsthe termsnature and ecosystenmostly refer to
agriculture, mentioned as natural resources or natural caguitdare LQFRUSRUDWHG DV 30DQG” LQV
models.Thus, in focusing on GDP, a sectie agriculture,comprising jus-4% of total income production is
not in the spotlight at alAs CavalcantiZ01Q 57) notes H Y (d)@vifonmental economics is normally considered
as a branch of microeconomics. Its focus is to find correct prices for the optimum allocation of restitrees
mainstream attitudes towardaturein economicsarethatnatureis merelyaform of uQ D W X U D&préper§ LW D O
and externalitywhile environmental protectiois understoo@dspart ofa costbenefit analysis.

In thecurrentstage of civilization, maaind regards themselve® independent of the natural environment that
it is no wonder thasocial sciencenodelsreflecing this way of thinking are unable to treat the economy as part
of the natural worldOn the contrarynatureis considered tdave been conquered bycivilized economy.
Economics defined itself as a social scierzag consequentlyeglectseveryentity thatexigs independently of
humansociety,suchasnature for exampleSpash and Smith (2021) clearly dedtitatnaturein a (post)modern
understandingompriseshe nonhuman, and particularly exgstvithout the mankind. Thus, it can be observed as
an entity beyond or besiddseconomy and human societg.economicshoweverthe economic activitiewhich
cau® environmental damage as a negative externatégnalyzed only from the perspectivetbé rest of society.

Economic models do neeflect any responsibility fonatureas an independent entity as long as it is treated
merdy asanassebr aresourceCannature be raisedbove the level of a mepgoduction factorsubordinated to
human society in discipline which is, after all, social sciencefh mainstream theories ameodels natureis just
one ofseveralconsumablegyoods and resourcebhis approacmarrows the outlook of economistey example
whenconsidering theeconomics ofjlobal warming Fundamentallysocial sciences think in terms of costs and
benefitsto individuals and societie€an adisciplineof social sciencesonsiderthe natural environmeiats more
thanjust a tool which requiresonly reneval andsustaimbility, to channel it properlynto productionVhat
guestions should a modern macroeconomic meetayut taanswer? Starting from the widely used Cdbbuglas
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production function(Cobb and Douglas, 1928psed on the Solomodel (Solow, 1956; Swan,1956)he basic
assumption of growth models is that economy will have a stable level of growth in the long run. How does the
continuously growingglobal energy demand relate sach asteady stat® Does it have a steadyatelevel in

reality? And whathappens if the energy source tumsto beinsufficient?

While the theory oBconomicsdentifieswelfareas its ultimate goagt the same time, the practicesgbnomic
policy constitutes a@ontest for survivalbetweemations and national economiegingeach other in growth and
performanceThe Cold Warentaileda military rat raceo finance armament fronthe fruits ofeconomic growth.

In such a paradignChinaaimsto defeat the USn trade and productioto build her global power supremacy.
Despite all the criticismthat have been levelled af §DP growth remains the most important economic policy
indicator. Obviously, thattitudeof the degrowth school (GeorgesdRoegen 1986) +which rejecs economic
growth +will never bea mainstreanapproachn the current globabrder. k it possible in the New Keynesian
modelthat the development of technology athe improvement of productivityare sufficient tareachincome
growth without expandingany kind of need fornatural resour@® The reasonfor this needis to avoid
overburdeningecologicalcarrying capacity. Less extensive use of land as a capital asset could contribete to
slowing of the processes afesertification and rainforest eradicatidvieanwhile reducing the demand for non
renewable energy sources caglidpefully,reduce the greenhouse effddeverthelesgsheincreaseof production
couldalsoimprove the quality of lifavithout unsustainable environmental side effects if it based on quality
innovationinstead of quantitativextension ofmachirery made fromraw materialsPaperssimilar to Georgescu
5RHJHQYV have 8lsb Rdeidblished in recent years, which recommend itgrthe focus of
economics fromboosting theGDP toward production for sharing or not for saléere welfare is sustainable
without the classic consumer society characterized by frequently repetitive coivsuamat planned obsolescence
(BlissandEgler 2020.

2. Ecological economic$n mainstream modelling

Costanza (1996)eviewshow the natural world, the ecosystem and the discipline of ecadogghtto be
incorporated into economics during the history of economic thinkieglaims W Kézdlbgical economics views
the socioeconomic system as a part of the overall ecosplitace 980)and focuses othe activities and welfare
of the human population in a fair systeaf allocation of resource€avalcanti 2010 assertghat ecological
economichastargetedhe feedback between social and natural systems, and the influence of the services received
from the ecosystenThisis the reasonvhy ecological economics is not very compatible with current mainstream
economicswhich is basedon marginal utility, indivilual and social optimum, and efficiency seeking, witieee
ecosystem is part of the socioeconomic system andppuised to jtas in the ecological approachlthough
Costanzadelieveghat the general equilibrium model could ba@thodological entry into mainstream economics
IRU WKH HFRORJLFDO GLVFLSOLQH LI pJHQHUDOLW\Y ZHlthd vtlpWHQGHG
range of General Ecosystem Models doesoaotentlyinclude the classic structure of General Hitium Model
with households, firms and governmg(figure 1 and 2)

The methodologicgbluralismof economicgnears that the mathematical methodology of the New Keynesian
model whichrepresentthe mainstream in the 2tentury economigsvould be supplemented by methaltawn
from ecologicaleconomics. Isuch @ approachthe evolution of economic theocpuldbe a further development
of the neoclassical model. (According to Thomas K(i962)$ philosophy of sciencentil a fundamentally new
paradigmarrives science builds oaxisting theories
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Figure 1. Ecosystem model Figure 2. Fivesector model of general equilibrium

Source:Hammond and Winnett (2009:1216) Source Buultjens (2000L.0)

If we want tounderstand the role of ecology in economics, @o2007 721) is worth quoting here, who
FRQVLGHUVY WKDW HFRORJ\ VKRXOG EH XVHGFRRR VRN SWhRB@hh@SDUH ORV
in borrowing from future resources just for consuming in the present.a&agproach can be observedétent
economicmodelling. The claim that thenainstreams not concered at all with the destruction of the natural
environmentis an exaggerationGlobal warming has been incorporated into both general growth models and
analyses focusing on economic ssgkctas. The DICE model of Nordhaudq®) and its modified version,

Nordhaus and Yan@L996) are capablef scenaricanalysisaboutthe long-term effect of climate chang&hese
modelsincorporate the longerm growth impact of carbon consumption, of course in a strictlybmrstfit analysis
approach. So far, however, there is a sharp distinction between théeshiddrecasting model and the lotgrm
scenario analysis model.

Modeling practices based on the CGE (Computable General Equilibrium) rhadelbeeradvanced, too,
regardingheglobalwarming effects of trade policy decisions, as exemplified by Batisihd Rutherford2011).
More information on environmental impacts and methodological options can be found in the lspuda@zer
and Cottier(2015, Ecorys(2014), theHouse of Commons Environmental Audit Commit(2615, Frankel and
Rose(2005, Holladay (2008 and theUNEP-IISD (2005. However, since ecological economalsoanalyze
welfare,usually treating ifust like economics though Bnecosystem context, the discipliatl thinks in terms
of the costhenefitunderstanding of use oatureandof value theories of economics (Dasgupta 2@Riggmaer
2021)Thisphenomenon strengthethe longterm focus on sustainability, but does gotbeyondhe mainstream
view of natureasa capital asset.

Paavola andAdger (2003 andDzeraviaha (2018 pproach the integration of ecology into economics from the
perspective oinstitutionalismto attempt to integrate ecology into the mainstredeconomics Thisperspective
analyses environmental topics fr@governance perspective, for example carbon tax or regulation. In tax matters,
starting from the Pigou tax, sevemdvancednodelsare readyto examine the relationship between tax impact
and climate change: Kim et gr011), Cooper(1998, Pizer(1997, Nordhaus2007). Meanwhile,Buchanan
(1969 and Nye(2008 analyza the tax impact on the fuel market, while EddindKaracaMandic (2006 adjust
it to heterogeneous markets. S{2008 outlines the green paradaxe. whenan efficient geen tax eliminates its
own tax base, which isbviously unfavaurable from a budgetary point of view. Edenhaodiexd Kalkuhl (2017
alsoinvestigatethe realization of this paradox. Boss&rd % U p K198BV¢xamine the limited possibilities of
green taxes in the context of the tax system as a whole.

Based orthe Coase Theorem (Coase, 1968)meoptimization models derived from microeconomics for
pollution pricing take into account welfare optimization, iteeporal resource allocatioandvariable discount
rates (Kuik et al.2008 Azar, 1999) Moreover, the issue of limited natural resources has already been incorporated
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into the laboU PDUNHW PRGHO /LQW] DQG WKH P Rverekk Biegmohd (Berfg RQ R 3F
and HotEU «JJH

3. Policy analysis and environmental factors

Institutional ecological economibsis alsgenetrated into policy analysis and valuation modediiei (2003,
who confronts fiscal policy with various losigrm public finance challenges, integrates the issue of climate change
into fiscal policy. JoneandKeen (2009 contemplatedhe secalled green recovery path at the beginning of the
globalfinancial crisisin 2009 an idea that had already appeared in Bossidr%o U p B KLBIOB study on how to
mitigatethe European employment crisis by rejgclabour taxes with imeasing green taxes toake labour
coss more competive. Barker(1998 developedhe E3ME (energyenvironmenteconomy model of EU) model,
which specifically tests the combined effects of green taxes on energy efficiency, employment and
competitiveness.

The issue of climate change has also been integratedhaittstreanmonetary andifiancial policy models.
A study by the Bank of Englan@015 concludes that global warmirand thewrong economic policyeactions
to it undermire financial stability. Companies that have suffered directly from climate damage and thus become
insolvent, as well as oil companies that may have suffered from a fall in stock prices, cantdrmghe first
causs of growing instability. A workng papeiby Dafermos et a{2017) examinesa central banknitiative called
the green QEQuantitative BEsing)program using an ecologyased macromodel. The focus of their study is on
how climate change affects financial stability and price stability, reowd central bank should adapt to them
Their thesisis that global warming will destroy compantesyital stock which will spill over toa deterioration
of both their profitability and liquidity. This could increase insolvency, which would ultimagslyde both
financial stability generallyand the banking sectoParticipants in thecapital marketmight reallocate their
investment portfoliogn such a case if they want to manage the risk from climate change. The réeattismill
result in a decline in the value of corporate bondssiadks In addition, growing financial instdly restricts
credit growth, whichwould havea negative impact on green investment. In this way, efforts to mitigate climate
change areveakenedFor this reasorthegreen QE caanticipateglobal financial instability and support climate
change mitigaobn. Based ottheresultspresented by Dafermos et al. (201ihe effectiveness of a green monetary
program is determinefiindamentallyby the elasticity of geen investmenti responsdo changes in the yields
on the bondswhich finance them. Murphy and Hing2010Q and Campiglio(2016 also addressetreen
QuantitativeEasing concluding that monetary and financial policy should shift funding sources towards low
carbon economic activities.

4. Further interlocking of ecosystemand economics

All of the modelsabovecontinue tobe conceivedvithin the framework of costbenefit analysis by rational
decisionmakes and the selfinterested (selfish) individuslHowever individual selfishnesmay also entail that
theinterest of individuals is to presermature either tosavetheir own living environment or for the benefit of
their descendanté&conomics is a social science, thus, by definition, it is constructed from the perspective of
human society. The assumption of rational thinking as a cornerstonehointtteoeconomicusodel cannoallow
KXPDQ LQGLYL &tXaverndgndtii@ewW HUHV W

The boldest approacis imported frombehaviaral scienceinto ecological economicsas exemplified by
Gowdy(2007). This studyplacesndividual decisiors on the foundations of neuroscienaad claims thahey are
driven not only by reasofrationality) but also by emotio human individuaparticipates in social decisions in
a given institutional and cultural environmerind does not merely take theirown narrow interestsnto
consideration The decision theory (and game theory) mode¥ O RSHG E\ {238 khbwh &Qhe
ultimatum gameargues thasn explanatiorfor human behaviar can be found in motivations which exceed the
homo oeconomicuapproachOn thisbasis it is clearthatthe impact of financial incentivas limited when it
comes tasolving environmental and social problems.

Gowdy (2017 642) concludeghat a minimunproportionof people(a threshold)s neededo addresgertain
problems such as climate changdo are willing to work together to take any actiomtanagehe problem at
all. However, the masses are only willing to cooperate ifcamperatingule breaker¢free-riders) can clearlpe
punished. Furthermoré is very importanfor human individuad to bewilling to work primarily with those who
are considexdto be hive minded. This is the behaviaral challenge in global warming: the whole human race
needs to feethat every othepersonon the Earth behgs to the same groupsthem froman environmental
perspectiveo be able tdegin astrong and effective cooperatiarithin the global society and community.

Further interlocng of the ecosystem model and the New Keynesian model is hindered by a crucial difference
in thar fundamental approaek to the relatioship betweereconomy andhature. The ecosystem model of
ecological economicegardseconomy as a subset of the ecosystehichvparticipatein the flow of resources,
energy and waste. In contrast, the mainstream economics model ceti@dsronomyo bean overall set which
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includesnature as one of theubses in the circulation of factors and inew. This fundamental coritt is not
irresoluble, howeverThe model ofa circular economy openeab the possibility for economistto extend the
current general equilibrium open economy models towarelw perspective of optimization. Thehomo
oeconomicuspproachas beemndegoing a gradualevision in economics since microfunded macroeconomics
and behavioural economics started to spread in applied economics. In parallel, environmental constraints and
necessitiehaveforced human society to reforits way of thinking abat individualism, interest, optimum and
environmentJust ag social science adjsdts models to be able to understand societyoaspletelyas possible,
this slow changén social behaviour must be reflected in mainstream medelgell The circular eonomy model,
behavioural economics and theolving social attitude together cgmovide an opportunity for apossible future
outcomewhere the overall set is the ecosystem thieetconomy is a subset in a mainstream general equilibrium
model of economis
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Abstract

As the number of people living in urban aréaBrmly increasing, more innovative solutions are needed to tackle the
accompanying effects of climate chartbere, such abeatwavesstormwater concerns or pollutioAs these projects
are continually developed and their effects are yet falbetapped, there is a lack atoherent monitoring system. ish
study presents a systematic and comprehensive oveofigree of the most recent studafsSari et al(2021), Connop
(2020 andElagiry et al(2019) which listkey-performance indicatoi&PIs)for naturebased solutions'heseindicators
are grouped into six major categories, which are further divided intoatelgoriesThe results of the paper highlighiet
importance of a general amddely implementablenonitoring tool systerwhich isscalable and locaablefor different
urban settinggnaking it possible foindividual naturebased projectas well asomplex urban ecological systems to be
well-monitored.

Keywords
NaturebasedSolutions(NBSs) Sustainability Key PerformancdndicatorsKPIs), Monitoring Tools, IndicatorAssessment

1. Introduction

What makes a city liveablis argued by many. One mightghlight the level of infrastructurer the proximity of
services and opportunities. Jaszczak et al. (2020) arguth¢hiztvel of liveabilityis determined bynature itself around
us, as it has a positive effect on human#di LQJ -DV]F]DN HW DO DQG GD &&Bdt& D DQG
importance of nature in urban areas by pointig thesocial awareness of nature unban areas anthe beneficial
impactsof green areasn the health and overall welbbeing of hdividuals. It is highlighted that the global pandemic
FUHDWHG D VHQVH RI QHHG IRU WbKhaviblir§JddzazakleRa), FORORTOMAsSH leRab,20D1), F -
which can only be fulfilled with the presence of nature and ecolodigalsity around us. Hence, tharising social
recognition of environmental connectedness has given us a unique opportunity to have the willingness for bringing nature
back to our everyday urban experiences.

It is projected that the total population living in citigdl steeplyincrease anaill reach 68% by 2050. This trend is
significant as in 1950 only 30% of the global population was located in urban areas (United Nations, 2018). Since
urbanization is inevitable, armbveraleffects are emerging as well as img#ying; local, urban solutions are needed for
addressing these issues.

As with all parts of the globe, the continual urbanization in European cities has led to the increasing number of climate
changeinduced stressffects includingintensifying heatwaves or concrete jungle effects; the escalating noise, light, or
air pollution; flood and stormwater effectall in all, the cities in the continent are getting more exposed to the severe
effect of climate changd )& U DQG &VHOYBIEY HW P Dhese effects havboth short and longterm
consequences on human w&ellHLQJ OHDGLQJ WR WHPSRUDU\ RU DFXWH KHDOWK LVVX
mental state degradation or induced stress experiences for Daalthese effectsnot onlyhumanwell-being is putat
risk, but also the level of food, water and energy security, driving to a potential disruption of the economic structure of
cities (Faivre et al., 2017Holistic, systemic approaches are needed that ar¢éankling these issues wittnly one
solution, but rather apply a cognitive sustainability approach: utilizing the biological and artifisiidtems with
technological solution® createa morecomprehensive web of tools=| O G\ ,20¥2)D O

Dorst et al.(2019) states thago called naturbased solutions (NBSd)ave the potential to incorporate several
disciplines and aspects of urban adaptation processes together, enabling a more holistic, systematic approach. This
interdisciplinary and multipartite téeet would allow policymakers to realize and communicate the role and position of
nature in urban systems.
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To be able to implement impactful and sustainable policy measures and regionally suitable and gffestive
solutions monitoring results aneeeded from already executed projects. And evidently, in order to get monitoring results,
suitable monitoring processes are required.

Raymond et al. (2017) discussed that the assessments conducted for monitoring purposes only focus on one single area
ofgbpHHQ XUEDQ VROXWLRQV $ VLPLODU FRQFOXVLRQ zZDV DUULYHG DW ZLV
(2022), as they pointed out the lack of holistic, hence cognitive aspects being implemented in urbarndakisgpn
processes. Frameworksdamonitoring processes have been mainly looking at one of the fields of biodiversity, ecosystem
services or other green solutions. Aaturebased solutionare such interwoveprojects proper monitoring tools are
required in order to allow a crosgctaial analysis of thig impacts instead of a singghted managing process. Such
broad tools exhibit a complex, intersected system dynamics that requires intricate andridetail monitoring and
evaluating processes as well.

,Q WKHLU VW HG DO FBUJXHG WKDW DGDSWDWLRQ PHDVXUHV KDYH
there is not enough knowledge in the topic; and as a result, these measures have a blocking effect on proper monitoring
practices for the implemented projects.

As a wiform but still flexible monitoring system for natubased solutions is required, based on a comprehensive
review of the literature, this paper presents a hierarchical system of key performance indicators (KPIs) that are used to
monitor naturebased soliions according to three influentistudies: Saretal. (2021),Connop(2020) and Elagiry et al.

(2019). The system described here could be used as a starting point for the creation of an internationally accepted
monitoring system. Section 2 reviews ttedevant literature othe basic concept of natubased solutions, the role of

green areas in cities, and the parameters of nsed solutionsSection 3showcases the importance of indices in
monitoring processes of green solutions as well as pe$¥{H DXWKRUTV ZRUN R QKMSKdINBEsLQ FDW
with the mentioning of possible limitationBhe suggested system of KPIs is presented in a table in the Appendix.

2. Literature review

The literature review section of the article discusses the different definitions of NBSs with special focus on the
similarities of different approaches, then the role of green areas in cities will be shomchsaitig the sustainability
dimensions of NBS, followed by theshortliterature review for théifferent parameters of NBSs.

2.1 Nature-based solutions

It has been discussdately whether rapidly growing urban areas can adopt to the severe effects of climate change.
Numerous policies, city plannirgpproaches, engineering solutions, and green methodologies have been introduced in
order help adaptation measu(es]|D O PEYMHWH DQG %&[JOVYLN DQG XKOndWiEh approachtisat
of theso-called naturébased solutions.

The concept esrgedin the last decadevhen adaptation practices started to shift from a predominantly engineering
oriented approach to more environmetitabedsolutions (CohenShacham et al., 2016). It was realized that the
increasing number and intensity of urbampesure to climate change effects are not adequately addressable with only
technological solutions; rather a better, more complex system is needed to tackle these. A conocegtrerratgwed
the services provided by nature do this job. Hence the termfQ D WBOUMH G V R O X W L RLQINMS naibnis ER U Q
considerably newthere is no internationally accepted definition, framework, or categorizatithre tfrm Thereforea
comprehensive literature review on the concept is presenteder toprovide a broader view on the topic.

7KH (XURSHDQ &RPPLVVLRQ YV lists multide) dbj@divies B& carv4é Hdssociated i green
urban solutiortoolset. The most obvious one is climate change mitigation and adaptation devel@adiatally, the
positive effects of NBSs on risk management and resilience enhamerechighlighted, as well ahe development of
sustainable urbanization procedures; and lastly, the restoration of degraded ecosystenoshdiaoyrcesemphasize
the impatance of NBSs: Dushkova and Haase (2020) discuss that NBSs have been created to provide an ecosystem
services approach inside urban planning strategies and implementations, to completely join in the environmental
dimension to soci@conomic urban structes, as well as to address current societal challenges in urban areas. Faivre et
al. (2017) emphasize the importance of NBSs for urban development as a inabf@tion andencourage the urgent
inclusion of these practices for both policymakers as vggtiractitioners. According to Dorst et al. (2019BSsoffer a
toolkit that has the capability of uniting different disciplines and aspects into a general overview within the concept of
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urban greeningallowing researchers and policymakers to addressatdirohange challenges in a more effective way.
Bush and Doyon (2019) state that NBSs are key elesnénesilient urban planningvithout which cities would not be
able to face the climate challenges. By proposing an integrated system of planning NB8arfaesiliencethey urge
the mainstreaming of ecosystem services used in urban planning.

What are the opportunities NBSs can bring to the table that other similar practices, such as green technologies,
ecosystenbased adaptation practices or greenasstitucture solutions cannot? Dorst et al. (2019) concluded that this is
the multifunctionality and the ability tprovide solutions to more complex issues due to the broader interpretability of
WKH WHU-EDYB®'XUK® JHQHUDO WH U Psdlutitrtadolsets that oifet Baciefdl idde@mic, and
environmental benefits in any settjngcludingurban areas, rural spaces, or agricultlanadis

NBSs are mostly implemented for the adaptation practicée effects of climate change in urban ara#thoughan
increasing number ofourcessuggest a rather expansive interpretatibne European Environment Agency (2021)
concluded that NBSs ar¢along with climate change adaptation toadéso risk reduction instrumenllowing urban
areas to redce their disaster threat exposui®averal studieffor example Almassy et al., 2018; Bush and Doyon, 2019;
CohenShacham et al., 2016, 2019; da Rocha et al., 2017; Dorst et al., 2019; European Environment Agency, 2021;
Giachino et al., 2021; Kabisch &k, 2017; Katsou et al., 2020; Mendes et al., 2020; Seddon et al., 2020; and van den
Bosch and Sang, 2017) emplzasihemultidisciplinaity andthe complex systemic tool trait of NBSs; labelling the term
to be a umbrellaconcept.

While otherpapers discuss NBSs as ®@r urban adaptation, ghould be notedhat the European Environment
Agency (2021) interprets NBSsan umbrella termthusall other climate change adaptation and disaster risk reduction
practices are consideréalbea subcategory under NBS$oyraz and Csete, 2021)

2.2Role ofgreen areas in urban settings

7KH (XURSHDQ &HoRZBh 2020@xpet frdup R Q 3 1 DBAEdTFdlutions and ReDW X ULQEO&IHWLHV’
argues that NBSs are key aspects in bringing sustairtghiiito urban developmenasthey enhance economic, social,
and environmental development simultaneo{$hble 1)

Table 1: Sustainability aspects of NBSs services in urban areas.
6RXUFH $XWKRUTV WDEOH EDVHSaham@tx20ne)UbeWrled ¢i & HZB03)) BuBhi& W khtiBlaase (2020), European
Commission (2015), and Keniger et al. (2013).

Economy Business opportunities
Decrease resource dependencies
Knowledgeshift

Social Food and water security

Disaster riskmitigations

Health improvements
Sociceconomic development
Relaxation or therapeutic areas
Sports activities

Positive experiences in nature
Adaptation to urban pollution challenges
(air, noise, light)

Heatwave mitigation

Water management issues
Ecosystenservices

Environment

As for economic aspects, more and more market playersed¢iadizmportance of climate change adaptation practices.
Corsequently, athe awareness @bmpanies and other actors of industries is growing, teesist of the publics rising
as well. These shifts in knowledge can lead to patiegnging initiatives and global will to take actionOn a less
apparent note, economic development is expected from NBS projects in the form of bogpwrtsities as well as
allowing a decrease theresourcalependencies of industries in urban areas (European Commission, 2015).

According to CoherShacham et al. (201,8ocial challenges that can be addressed by NBSs including adaptation to
climate dange effects are food and water security, mitigation of disaster risks, aneesop@mic development.
Furthermore, H QULHV HW DO D QG GD atthurdabh&alfh@npidveinBrit here as well. Other
social benefits may include creagimospitable areas for relaxation and for therapeutic purposes (Keniger et al., 2013),
for active leisure time activities, or incr&g the positive experience associated with sachareaof the local
communities (Dushkova and Haase, 2020).
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The benefigary effects of NBSs on environmental development are straightforvedtttbugh they are not fully
discovered in their entirety. Tlalaptiveability of citiesto the urban effects of climate change is significant: these urban
effects may include air, noisand light pollution; sudden and severe heatwaves; or stormwater management issues.
Alongside with adaptation practices, NBSs provide valuable settings for different ecosgstéres. As it has been
discussedbove NBSs and ecosystem services are closgérconnectedresulting in an overlapping group of tools.

2.3.Parameters ofnature-based solutions

There is an absence of literature related to the operational transparency of NBSs§Ratteam et al., 2016), which
results in the lack of reliabilitas well as applicational deficiencies of the newly emerging implementation practices. As
CohenShacham et al. (2016) have found, the overall goal, the definition, and the principles of NBSs are concepts are
already in existence ithe literature, althoul there is a significant absence of operational parameters for such projects
on a global level. Lapintie (2021) highlighted the need for embeddedness of such practices into urban planning systems
as well as policynaking practicedn order to achieve syatic change.

The lack of operational parameters results in different implementation methadksof inconsistency of monitoring
tools as well as no standardized indicator utilization for evaluation and examining.

In theirmore recenstudy, CoherShacham et al. (2019) found that NBS implementations and frameworks offer higher
levels of solutiorsthan other methodologiess NBSsassimihtewith strategies and measurasking it possible to tackle
the challengesThe essence MBSsis theintegraton with other nature services (Coh&hacham et al., 2019), allowing
a more comprehensive range of addressed issues. By merging numemrestdifdncepts, a higher implementational
impact may be achieved through the improved allocation and sagliof NBS projects.

3. Results anddiscussion

The domain of NBSs is increasing worldwide, making the concept more acceptednaitkred in urban planning
processesas it does not only provide environmental and ecological benefits, but also significant social and economic
advantages (Oen, 2019). On the other hand, there are numerous shortcomings of the concepbefiNBSHI in its
rudimentary form. Kabisch et al. (2016) suggest a stricter monitoring of implemented projects in order to produce so
called evidencédased NBSs projects in the future. This would result in a more impactful, possiblyesociomically
more beeficial outcome of schemes. Alongside with monitoring, the broader inclusion of stakeholders is advised by the
research teapin order to make NBSs more adaptable for the complex and administh&@my governance systems
worldwide. Furthermore, Kabisch al. (2016) highlighted the inclusion of social justice aspects into the transdisciplinary
concept of NBSs, making it more inclusive and transparent for social benefits.

Meerow (2019), Chrysoulakis et al. (2021, 2018 and 2015), Ludlow et al. (2016),eBpercCoye (1988) and a
constantly increasing number of otlesholarshave been searchirigr proper monitoring tools for NBSs projects, with
little to no comprehensive solution for the tool. there are various tools terms of focus scales (regioral specific),
they might work proficientlyor individual solutionswhilethey arenot suitableat theEuropean nor global scale. It would
be negligent to assume that there is one monitoring tool th&ffigdl, although a broadly accepteglpbally adaptable,
and most importantly, scalable monitoring tool is essential.

Besides monitoring, the lack of citizehnQYROYHPHQW LV DODUPLQJ /RUHQth&ack di W DO
awareness of locals as well as the absence of institui@méworks also raise significant obstacles against climate
change adaptation practices in urban areas. They have found that the cooperation of researchers, NGOs and governmenta
agencies have a major effect on realizing and sustaining these projeats, &leroader spectrum of communication
about NBSs is needeicluding scientific publicationsocial media announcements, public awareness campaigns, civil
society goals, or governmental communication.

6LPLODUO\ WR /RUHQFRYIi HWEnROnment Agenty K2821()>alddrgHIDMEs the importance of
stakeholder involvement ithe designing, implementing, and monitoring processes of any NBSs, stating that this
approach is the key to raise awareness and to tackle possible disagreementsdayangst

3.1.Data evaluation

The data collected bthe NaturvationProject(Almassy et al., 2018) shows that the V4 countries (Poland, Slovakia,
Czech Republic, and Hungary) sh@aVack of monitoringof these implemented NBSs projects. Only 64 out of 111
projectsimplemented in these 4 countriegve reporteth-situ monitoring activity. Investigating the data it became quite
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evident that there are barely any number of monitoring processes for these NBSs projects. This is an enormous inadequacy
of these deelopmentsasthe lack of these practices ressilin projects being implemented with possibly no positive
impact or even the furthestrangemerdf the ecosystems and their benefits to urban areas.

As mentioned above, it is not only an adverse practicthélack of data providedout mainly for the fact that these
monitoring practices would enable projects to be more impactful and resouatefpbssibly more economias data
would be available about the cdstnefits of the implemented NBBgojects. The returrates of these projects could be
loweredas possible impacts are maecuratelypremeasurable with initial data from previous monitoring practices. For
this reason, the investigation of present monitoring toolsre@sired It was found that one of the reasior the lack
RI PRQLWRULQJ IUDPHZRUNV LQ DFWLRQ LV WKH DEVHQFH RI SURSHU LC
highlighted the importance of an indicatmsed monitoring system in order to find impactfulisiohs for urban effects
of climate change and to ensure tlezision makers, to confidenttypnsidergreen developments in urban planning.

3.2. Key Performance Indicator approaches

In order to be able to determine the most important aspects of the rimgnitmsisetsthe KPIs of NBSs need to be
defined. KPIs are such tools that allow a rather practical approach towards measuring performance. Warren (2011)
GLVFXVVHV WKHP DV D 3W\SH RI ODQJXDJH™ WKDW DOORZdfs tdltheiFWLYH
surroundings. In order to provide the mosgt to dateKPI approachesthree publications are going to be presented
published in 2019, 2020, and 2021, respectively. Lateiigrsthdy, an assessment and possible KPI list will be presented
basd on the findings of thihreestudies.

Within the Nature4CitiedProject Sari et al(2021)and his colleagueisvestigated the key performance indicators of
NBSs and urban climate challenges. Thiggupedthe different indices into five main pools ofdicators: climate,
environment, resources, social, and economy. They utilized thallsdd RACER methadhis abbreviation stands for
the necessary traits of functioning indicBglevant Accepted Credible Easy andRobust Through this systengariet
al. (2021) created a list of muithematic and mukscale indicators (UPIs) for urban performance evaluation and
monitoring out of which the KPIfiavebeen selected.

The main goal ofconnop(2020) was to create aomprehensivéist of KPIs for NBS maitoring in cities They
identified 93 indicatorsout of which thg have highlighted 17 of them being threst fundamental dmpactful ones.
Hence only these highlighted 17 indices were included in this investigsiitim directfocus on the positive &dcts of
NBSs, they created subgroups for economic, social, ecological and wellbeing b&heifitstudy further investigated
the locality of theanalysedtities takinga generapath and implementing @n scalable and localizddvelfor eachF L W\ {V
needs and peculiarity.

Elagiry and their team has created the so called GREENPASSvibath enable the user to assess the effects of NBS
projects These tools alsaid planning processeas they can be usedrteeasureurrent and possible impaatn a given
urban arepby comparing therbefore and after the green prog(@lagiry et al., 2019). They have collected 28 KPlIs that
are used to evaluate the performancafofementioned@reas by dividing them into 6 main categories of climate, water,
air, biodiversity, energy, and cost.

3.3. Key Performance Indicators

In order to fully investigate the differences and similarities between the ingliessented in the three studidise
following five steps were takeifl) datacollectiory (2) comparisorof all indices (3) categorization of indice¢4) sub
categorization of indice¢5) assessmentf dhe availability and quality of indicesAppendix A shows thdist of KPIs
taken from thahreesourcescategorzed and clustered by the author. 6 main categories (NBSsuksmdnd habitats;
pollution and emissions; social; economy; and othad20 sub-categories were created (Table 2).

The number of inites listed are quite differemt the three sourceSari ¢ al. (2021) uses 52;onnop(2020) listed
93 (out of which 17 has been usedhile Elagiry et al. (20199ollected28 of themlt needs to be stated that the number
of indices does not necessarily correlate with the quality of them: either too fewrnatgocan be problematic.
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Table 2: Main and subategories of key performance indicator assessment by author.
Blue spaces
NBSs Blue-green spaces
Green spaces

Land-use and Shannon index and ecosystem

habitats Land-use
GHG
Air quality and temperature
Heat
Energy
Noise
Light
Waste
Health
Social Society
Accessibility
Infrastructure
Costs
Environment
Other Social

Economy

Pollution and
emissions

Economy

As mentioned previously, one of the maaskswas to categorize the indices into comprehensible core and sub
categoriesAs a result of the categorizatiosix major groupingswere set upby categorizingsame and/onearly
essentially samandices by the three studies into one categfiyy an examplefor the Pollution and emissionmain
category, under theHG (greenhouse gasesiib-category came the indic€¥0, annual carbon sequestratidoy Sari
et al. (2021)CO,emissions reducearbon sequestration rate by tree speciéarbon storage/carbon sequestration in
vegetation/sojlCO; emissions reducedaly Connop (2020), an@O, storage scordy Elagiry et al. (2019)The firstthree
categoriegNBSs Land-useand habitats and Pollution and emissionsare considered to be the environmental core
groups, followed by th&ocialand Economiccategories. Lastlythere is a category for indices that could not be listed
elsewhere.

The first category iBIBSswhich includes the KPlIs that are directly connected to the implemented projects themselves.
A total of 46 indices were classified here with further-disisions ofBlue spacesGreenspacs, and the combination
of them:Blue-green space3he most impdant similarities in théndices in the Bluespacegroupof theNBSscategory
are the consideration of water availability in urban areas, especially water scarcity and the demand tredBhod:
green spacesubcategory has only beenconsidered byConrop (2020), highlighting the importance of the
interconnectedness of the two systems. They have considered the importance of connectivity of these areas, and the
cultural and recreational value they offer.

The next core category is thand-use and habita in which two sukcategories are listedthe Shannon Index and
ecosystemandLand-use. Although all théhreeof the investigatedourcesonsider the Shannon Index, only two of them
(Sari et al, 2021; and Elagiry et al., 2019) name it directly, wiilennop(2020) itemizes the main elements of it. It is
notable also that Connop is the only author to mention the role of pollinators, as they have introduced two indices dealing
with this phenomenarThe subcategory ofLanduse contains no indices by Elagiry et al. (2019), and only Sdbiet
al. (2021).Connop(2020), on the other hanlisted 14 of them, focusing on lanue trends, food production, brownfield
regeneration practices and urbanasy patterns.

The third major category ofthe environmental scopePollution and emissionstis rather segmented, it farther
dividedinto 7 groups. Theub-category of GHG includes indices from all 3 of the publications, each focusing pn CO
sequestrigon. Air quality and temperature is the largest-salbegory, including 23 elements, although the only common
index included is air temperature. The other-sategories include heat, energy, noise, light, and waste related indices.
The latter 2 are onlgonsidered by 1 publicatisnrespectively, where light pollution is highlighted only 8&pnnop
(2020, and waste management is included exclusivelgany et al (2021).

The Socialcategory of the indicesasdivided into 3 groupsiHealth Society andAccessibility The former 2 is only
included bySari et al.(2021), who laid great importance on socibtythe listing of 7 indices here, while others listed
none. As discussed previously in the pappKabisch et al. (2016) highlighted the importance of such considerations
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into NBS implementation approaches. The-sategory of accessibility includes KPIs by b&hri et al.(2021) and
Connop(2020), highlighting the importance of the availability of NB8sdveryone.

The group oEconomidndicatorsis divided into 2 partsinfrastructureandCosts The former category includes KPls
exclusively byConnop(2020), whichis due to their great interest in accessibility indices. On the other Gastinclude
only indices fromSari et al(2021) and Elagiry et al. (2019), with special focus on the investment and maintenance costs
as well as the effects of NBSs on pricing in the related areas.

The last categorgomprisesindices that could not bgrouped elsewhere. A similar sdlvisional approach was
conducted here as well, with the category having the 3 elements of sustainBhilitgnment Social andEconomy
The first subgroup includes indices like albedo or radiation (with dBéri et & (2021) not utilizing them), th&ocial
category contains KPIs like responsibility or adaptive comfort, whilé&twomygroup discusses indices like leapfrog
development index or sustainable practices index.

As with all scientific assessments, inacaiea, misinterpretations present in the processes are inevitablés Wit
LW LV FUXFLDO WR KLJKOLJKW W KHaistiaseg bpotettialivhitadivhsihavy ek caliedied oW L F H V
provide a better understanding of the dynamidb®fystembias within the indicators collected, limits of de#adiness
and finally, the vicinity aspects of indices assessed.

As for the bias across indiceZari et al(2021)claimedthat it is challenging to find adequate andiadluding indices
as (1) the field of NBSs is a wiganging toolset with numerous different act@sd (2) this field of science is a relatively
new, still emerging discipline with many variables being formulated in the upcoming times. Thiess imekd to be
comprehensie, samdevel, and inclusiveHence deeper research needs to be conducted in the ltieldsalsoargued
thatthe stakeholders might interpret the importance of various indicators differertigh leads twarying lists of KPIs.
The diverse group adctors, stakeholdeendexperts need to be able to come to a comprehensive, similar conclusion for
aKPI list in order to gain relevant and impactful insights from the monitoring processes.

Concerning data availability% X]iVL DQG &VHWH KDYH FRQFOXGHG WKDW LQ R
multiple characteristics needlb@ met by the indiceOne of these qualities is the availability of datatfa givenindex.
It is crucial to utilize indices whose dateither accessible or easily measurasitece their introduction of new data
measurements can deter different stakeholders, such as monitoringdsgdisymakers from project implementations.

On the topic of the locality of indiceBarkas et al. (2007) found that indices provided on an international |énasle
greatbiases across implementatipas indices required for monitoring procedures need to be differentiated regionally
due to the territorial differences in different areas. This findiadthough it is considerableis not suitable for redlfe
measuresas most monitoring bodies do not have the capacity to use individualized indices for each and every project.
Furthermore, this would result in an incomprehensive set of data across projetiring.

4. Conclusion

This studyfound thatthe naturebased solutionNBS) toolset is widely considereds an umbrella term by the
researcherdlt is an interdisciplinarysustainabilityorientedmultilateral methodology for urban mitigation, adapati
and disaster risks decreasimgasureselated to climate chang& comprehensive literature review was condudted
highlight the various characteristics of NBSs, resulting in an overview of the different approaches and interpretations.

It was found tht one of thereasonswhy no proper monitoring solution is globally available is the lack of a
comprehensive group of KPfer NBS monitoring Three of the most recent articlesere investigated to find the
similarities and differences betwete KPI listsin them 6 main categories as well as 19-salbegories were created by
the author.

To understand the reality of the NBS implementation and monitoring processes as well apehatributes of
impactful KPIs,alist of possible limitations wasompiledin order to ensure the proper and comprehensive evaluation of
data.KPlIsrelated to NBSsan playapivotal role in urbarecisionmakingprocesseenhancing cognitive sustairibity
in local systems

As for further research, the list of monitoring tools available for NBhitoring needs a comprehensive, systemic
study.These tools are available and impactfiplementors, researchers, municipalities, NGOsesidentan utlize
them to evaluate the impacts of implemented NBSs, enabling thearriooutmore impactful projects in the future,
resulting in resourceful adaptation or mitigation tools against the severe effects of climate change.
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In addition to the comprehensivesearch on monitoring tools, further research is needed fasg@essment ¢fPIs.
An exploratory data analysis is suggestedwhich cluster analysig highly recommended
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Appendix

Appendix A. KPIsfor naturebased solutions monitoring processes created by the author.

Based on data retrieved fraBari et al(2021),Connop(2020) and Elagiry et al. (2019).
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Abstract

Rail transport has a crucial role to play not only in thefEtrategy for a sustainable transport sector, but also in terms of economic and social cohesion.
It contributes significantly to the mix of transport modes in the EU, while providing clean mobility and a high degieenégff-ollowing the outbreak
of the COVID-19 pandemic, the volume of passenger and freight rail transport has fallen sharply due to constraints and lower demspattfoBaveral
players in the rail market had to close down. Rail operators had to face a sharp decline in sanspest In 2020, the demand for passenger transport
was significantly lower than in the previous year. Thus, railway undertakings were not able to pay the charges fotrecrabsay infrastructure during
the emergency caused by the COMIB panderit. Infrastructure managers had the opportunity to temporarily reduce, waive or defer these charges. The
negative economic consequences of the COWDpandemic could reduce or significanéigdangettheir financial viability for market stakeholders.
Redudng charges for access to railway infrastructure is just one of the few measures that will help railway undertakingsrtdoétitect The paper
focuses on the analysis of the impact of the pandemic and the implemented measures on the passengeirrdiies&tovak Republic and on the
development of rail passenger and freight transport during the pandesiucnmarizes the proposed measures against the spread of the -COVID
pandemic in rail transport in Slovakia.
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Measures in railway trapert, pandemic COVIEL9, railway transport market, railway transport

1 Introduction

Since the beginning of 2020, the COVID pandemic had a major impact on rail transport in the EU. The slowdown in
the spread of the COVH29 pandemic has been achieved by reducing the mobility of the population. Travel within the
country and abroad andethransfer of a largeroportionof the population to work were limitgéoltimle et al., 2022)The
reduction in mobility has an impact on passenger transport performance. The number of national rail passengers fell by a
much as 90% during the first wagkthe pandemic compared to the previous year. Several operators, especially new carriers,
had to close down, while rail freight operators reported a dramatic drop in volumes as many sectors slowed or even stoppe
producton as a result of the pandemic

On 7 October 2020, the European Parliament and the Council adopted Regulation (EU) 2020/1429 laying down measure
for a sustainable rail market in view of the occurrence of COY®D The aim of the Regulation was to enable rail
stakeholders to better margathe financial implications of the COVID9 pandemic and to respond to their urgent liquidity
needs by reducing, waiving or deferring charges for the minimum access package and for access to infrastructure connectir
service facilities. These support meges covered fees payable throughout the reference period provided from 1 March 2020
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to 31 December 2020. Ttseope of application has been limited to this timeframe to ensure that the measures are applied
only for as long as necsary(European Union, 2@3.

The second wave of the autumn 2020 pandemic has forced many countries to take further restrictive measures regardir
population mobility. The outbreak of the third wave of the pandemic prevented a rapid recovery in rail transport, especially
for passeger rail servicegGkiotsalitis and Cats, 2021)n October and November 2020, Member States introduced new
mobility restrictions, which they only partially and gradually lifted in 2021. The number of passengers has not yet returned
to prepandemic levelsand the time to return to ppandemic levels may be longer than expected, especially in the case of
commercial passenger transp@ttuang et al., 2020)he impact of the pandemic on the transport settterefore remains
significant. The arrival of mew extremely contagious variant of COVID, omicron in the autumn of 2021 with still
unknown properties compared to previous variants raised concerns about the fourth wave of the pandemic and more stringe
measures to prevent the spread of the dis@degaji et al., 2022)n an effort to help the railway sector @piith the
ongoing pandemicthe EUextended the possibility for Member States to reduce, waive or defer railway infrastructure
charges until 30 June 2022. The measure stsritroduced irDctober 2020andthe aim is to reduce the financial burden
on railway undertakingduring the COVIBL9 pandemi¢Tirachini and Cats, 2020

The aim of the proposed research isatmalyze measures for limiting mobility during a pandemic and tlmjpact on
transport from the point of view of a sustainable transport system, based on the cooperation of researchers from the field c
sectoral and crossectional economics and the field of transport. Subsequently, innovative approaches to ensuniitthe usa
of public transport in time of pandemic measures, which will contribute to the safety of passengers and maintain the
attractiveness of transport connections with a focus on rail transport as a main transport system, are explored.

2 Impacts of the pandemic COVID -19 on the railway sector

The effects of the measures introduced during the CeGMPandemic, which are related to transport, were addressed
in his researclhy Zhanget al (2021). These authors developed a case study focused on the development ofXOVID
transport policy in six developed countries. They describe the effectiveness of 418 policy measures based on the PAS
approach (P: preparg Pprotect tprovide; A: avoid tadapt; S: changeshare; S: replacesstop) and examine it using 27
indicators. The authors reveal the dynamic relationships between-padiking, factors and consequences. The case study
attempts to provide scientifically based evidence for proposioig mffective COVIDB19 policy measures in the transport
sector. Meanwhile,Ding & Zhang(2021) developed a case study focusing on the dynamic relationships between temporary
behavioral changes caused by the CONMDpandemic and subjective assessmentolaypmaking. They conducted a
nationwide online survey in Japan to assess changes in population behavior during thel®@dtiemic. They reveal
the effects of risk perception in the use of public transport during a p&mdem

Xin, et al (2021) evaluatethe effects of COVIBEL9 on urban rail transport using the synthetic control method in their
research. The authors try to estimate the impact of C@\M®n the daily number of passengers in urban rail transport
(URT) using the Synthetic Control MethodQHBl). Six variables are selected as predictorg, of which four variables
unaffected by the pandemic are employed. A total of 22 cities from Asia, Europe, and the US with varying timelines of the
pandemic outbreak amxaminedin this study. Theeffect of COVID19 on the URT ridership in 11 cities in Asia is
investigated using the difference between their observed ridership reduction and the potential ridership generated by th
other 11 cities. Two traditional methods (causal impact analysisteriglgforward analysis) are employed to illustrate the
usefulnes®f the SCM.

Many researchers and organizations have investigated and reported on the negative impacts efCa@Brious
aspects of public transportation. Most notably, many citiesrarahe globe have experienced major reductions in public
transit demand as a result of the substantially reduced economic activities. Work at home and online business became tl
new normafter the outbreak of COVIY, contributing to reductions in pasggr demand in the range of 80%95%
(Vickerman, 2021 Modal preferences by commuters were also impacted by the pandemic. For essenfidloouw
activities, it was observed that commuters preferred the private car, cyclthgiagking over public transiOn the suppl-
side, many transportation agencies have cut service levels to reduce costs and meet government restrictions on service ho
(Wang and Noland, 2021Such reductions have consequently contributed to further decline in public transit ridership.

It is thus obvious that th COVID-19 pandemic has adversely affected public transit ridership, both directly and
indirectly. On the one hand, fewer people were commuting to work and sdthasle who commuted were less likely to
use public transit due to the perceived health nghide travelling Tan and Ma, 2020 On the other hand, the restrictions
enforced by governments and transit agencies have limited the pabkmortservice levels, contributing to further decline
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in transit ridership. The study by Marra et al. (2022) observes hopatidemic affected travel behaviour of pulilansport

users, focusing on route choice and recurrent trips. They conducted a travel survey based on GPS tracking during the fir:
pandemic wave. They analyse how the pandemic affected users, in termslafistanee, mode share and location during

the day. They specifically focus on recurrent trips, commuting angtammuting, observing how mode and route changed
between the two different periods.

The impact of the COVIEL9 pandemic on rattansport in the EU was assessed by the Council of the Union in a report
of 21 Deember2021 (European Union2020) The performance occurred in the same way as in the Slovak Republic in
April 2020, when performance in passenger transport decreased B%.4thé number of trains running on the network
also declined, but by Septembpthre segment of trains running in the public interest had recovered, reachinte26i£9
The number of trains running on commercial lines did not recover until after thedssawe broke out. The impact of the
COVID-19 pandemic on rail passenger transport cannot be fully assessed as the pandemic situation still persists. What
certain, however, is that the negative economic impact on transport is significant. A decreasmiarhe of performance
of commercially motivated carriers and the associated financial problems may result in a reduction in the level of quality of
services provided, due to lower competition between carriers.

The consequences of the first wave of pfh@demic were exacerbated by the onset of the second wave in autumn 2020,
when measures to reduce population mobility were reintrod{ie@mpean Union, 2020pue to the exit ban in 2020 and
reduced demand for train transport, the Railway Company of Bo{@SSK) on 7 March, on the basis of instructions from
the Ministry of Transport and Construction of the Slovak Republic, began to optimize the supply of train traffic from the
first changes to the train schedule. Of the 34.4 million train kilometema@dafor 2021917,000 train kilometers were lost.
Traffic in the vicinity of Bratislava was temporarily limited, where even after the reduction, the hourly train cycle demaine
in the area of suburban transport, which was concentrated in the rush hahirgtminute interval between trains. This
meant a sufficient and higluality transport offer due to reduced demand. Railway transport (8 trains) was permanently
VWRSSHG RQ WKH %iGRMFNMp QDG X2@®D YORLQH Méth WhliR Gin@es. WereQUBLIQnJin
the scope of transport services is the result of an agreement between the ZSSK and the Ministry of Transport an
Construction of the Slovak Republic. The aim was to optimize train supply and public transport expenditur¢hso that
impact of the reduction on the public was minimal due to reduced denbdE HN HW DO '"H @ LM XHaVDII&
$EUDPRYDU

In connection with the declaration of an emergency situation in the Slovak Rejntilinational train traffic with all
neighboring states was temporarily stopped! the operation of IC trains was agsspendedThe operation of all customer
centersandof ticket officeof selected points of sale was also interrupted, the saleiohahteservations was temporarily
suspendedand the ordering of restaurasigeping camand coachette d car carrier wagonsvas also limited. These
measures negatively affected the management of the Z8®Kthe consequences of the COMID pandemic wre also
feltin 2021 and latef XSWiN DQG 3HFPDQ

2.1 Development of transport performance in railwaypassengettransport in the Slovak Republic

As a regulatory body, the Transport Authority monitors competition on the railway markett@nritay of the Slovak
Republic. Monitoring the development of the railway market is an important tool for obtainitogdape information on
individual segments of the railway market and analyzing D QL & HW .OKis analysis is focused dine comparison
of perfamances in passenger transppessenger kilometerandrevenuegTorok, 2017; Gaal et al., 2015)he data and
information presented in this article aekenfrom the analges and documents of the infrastructure manager andtfrem
information availabldrom railway undertakings at the end of 2020, focusing on the monitored indicators of #w ofip
the pandemic during 204&lovak Republic, 2020

The COVID-19 pandemic crisis had a major impact on the supply, demand and ec@eofarmance of rail transport.
The largest impact was recorded in the second quarter of 2020, from April to June. Passenger transport was more affecte
than freight transport, with international transport falling by an average of 85% in the secord gu2620, domestic
transport falling by 18%, while freight transport fell by 14% in the second quarter of 2020. The reduction in rail tiansport
the first months of the crisis was a direct consequence of the public autHpeg@snse to the COVHDI crisis (restrictions
on passenger mobility) as well as the impact of the global economic slowdown, which generally led to a reduction in transpor
demand(Slovak Republic, 2020)The number of passenger trains within the public service operated in Warkéat the
period from January to September 2021 is comparable to the number for the same period in 2019, while in 2020 it was b
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7.8% compared to 2019 lower. However, the number of commercial passenger trains between January and September 20
was still21.5% lower than in the same period in 2019, wingfans that compared to the same period in 2020, when it was
23.3% lower compared to 2019, there has been no recovery. The number of freight trains operating on the network was sti
2.5% lower than in theorresponding period in 2019. Similar trends can also be observed when expressing the volume of
traffic in train kilometers. From January to September 2021, the volume of passenger transport within public services
expressed inumber of trainsvas 5.2% lower compared to the same period in 20128021, ommercial passenger transport
services expressed imumber of traingemainedower by 25.6%than inthe same in 2019, which is in line with the (low)

level already reached 2020 (Slovak Repulic, 2020) The development of transport performance during this period is
shown in Figure 1.

Figure 1. Comparison of total transport performance in passenger transport invédeR&public in 2019 and 20Z8lovak Republic, 2020).

In passenger transport, performances were significantly affected by the pandemic, whiet fresalthe restriction of
passenger transport traintswasintroduced orl4 March2020 by changing the schedule of public transport, theaed
Saturdaytimetable. The highest decrease in output was recorded in April 2020. OtrintKilometer}in the given month
decreased by 37.60% compared to 2019. The most significant deicré@sewas recorded in international transport due
to restrictions, even disruption, of international rail transport. Figure 2 shovehdinge inotal transport performance in
rail passenger transport.

Figure 2. Comparison of transport performance in pagsérapsport in 2019 and 2028lovak Republic, 2020).

Performance in passengdtometers in rail transport also shows that the most significant decrease was recorded in April
2020. The loss of plormance measured in passengéometers is a direct congaence of a significant reduction in the
number of passengers in passenger transport in the pernstleredOverall, passenger transport performance in 2020 in
the abov