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ABSTRACT

a2oAfAGe A& 2yS 2F (KS oFlaAld Kdzy¥try ySSRa
wellbeing. At the same time, transport is one of the biggesluters, and sources of GHG emis-
sions contributing to climate change. In addition to current challenges, such as continuous ur-
banization trend, growing population, and negative externalities of transport, the GCO/an-
demic additionally disrupted thestatus quo of urban mobility around the world. As such, new
perspectives and approaches to mobility in cities are needed.

The purpose of this study is to explore how the COGMDpandemic disrupted the
existing condition of transport in urban areas and whas the role of bicycling during that
period of disruption. Based on this, the conclusions have been drawn on how bicycling can help
prepare urban areas for future disruptions and contribute to their resilience. However, as we
aim for survival and negleor even abandon the sustainable principles in times of hardship, it
is also important to discuss how transport in urban areas can become more sustainable.
Bicycling as a flexible, economical, sustainable and healthy mode of transport can help lead the
way into a more resilient and sustainable future of urban areas. The following thesis provides
new evidence on the basis of a rdié phenomenon in the geographical context of two cities
of comparable sizeéhe city of GraZAustria) andhe City of Ljulbdjna (Slovenia). The results are
based on the comparative case study where two research methods were used. The primary data
has been collected through-ttepth expert interviews with stakeholders from both cities who
are involved in the planning and devetapnt of urban areas. Through document analysis, the
data on state of the art of both cities before and during the C@w@pandemic has been col-
lected, used for timeseries analysis and for complementing the insights from the interviews.

Although life igeturning back to normal as COVID infections decrease, it is important
that urban areas prepare for other future disruptions (e.g., supply chain disruptions, political
conflicts, resource scarcities). This thesis therefore provides empirical evidemcedorage
further development of urban areas and prioritization of bicyclindevelopment that would

increase their resilience as well as lelegm sustainability.
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THE ROLE OF BICYCLING FOR THE RESILIENCE AND SUSTAINABILITY OF TRANSPORT IN URBANCARY NALISIVTBREDST

1 INTRODUCTION

Mobilityisado F &A 0 YySSR IyR AyTfdzSyO0Sa OAGAToBYyaQ 2L
the other hand,is one of the biggest polluters and sources of GHG emissions contributing to
climate change which in turn poses a threat to mobility. The CQYIpandemic additionally
disrupted the status quo of urban mobility around the world. Mentioned challengedditian
to continuous urbanisation trend, growing population, and negative externalities of transport
require new perspectives and approaches to mobility in cifiésit being the case, it is not sur-
prising thatthe European Commission put cities at theNB F N2y i 2F GKS WGNI y
IANBIFGSN adzadGlrAyFroAtAdeqQr aSad +ty FYoAlA2dza T2 f
and promised to continue engaging with large and medsined cities in the member states to
encourage them to develop tlreown sustainable urban mobility plans by 2030 (European Com-
mission, 2020). Cycling, as a flexible, economical, sustainable and healthy mode of transport,
could play an important role for the future resilient and sustainable mobility in urban areas.
During the COVIR19 pandemicmany citizens turned to walking or cycling to avoid potential
infection with the virus. Cycling proved to be usefutiimes ofyet another disruption, hence
this master thesis aims to explore the role of bicycling for the resiias well asustainability

of transport in urban areas in the pe&OVIEL9 world.
1.1 Research Context

The COVH29 pandemic severely disrupted tlstablishedorocesses and proved how
vulnerable our soci@conomic system has become. The disruption alswga how important
it is to rethink the processes set in place. For a while, the topic of resilience became the centre
of discussion at multiple international conferences, webinars, and research papers and was in-
corporated into further development plansolever, thee is anurgent need to changdue to
multiple current and upcoming challenges imposing a threat to the Melhg of present and

future generations.

In the EU, passenger cars represented 82.9% of inland passenger transport iE@017 (
ropean Comission & Eurostat, 2030Consequential or external costs of transport affect the
general public and are currently not reflected in the prices (e.g., aeroplane tickets, fuel
bills) (Heinrich. | -$tiftung, 202). In the EU (including the UKglculated costs accounted for
fY2ad etmc O0AffA2Y AY Hnamc 6A0GK He@hRSytGa Ay

Stiftung, 202). However, these costs are not equally shared among different transport modes.
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The current state of the transpation system is very inefficient and unfair, favours expensive

over cheaper modesf transportin addition to imposing large external costs. Due to the current

state, people who walk, cycle or use public transport are bearing the costs of road transport

(e.g., road and parking subsidies, subsidies for electric vehicles, congestion, pollution and higher

NAail F2N I OOARSyGa0v oDl aaftApIadi AyaOB65) hf @0 O HGK!
aK2g 0GKFGd aSIOK (Af2YSIINE QAADBSYT oen Om MI A FOAMNE ©
Ay3d NBLNBaSyid o0SySTaila 2Hveneposdessing d vghitle bas goort LIS NJ
social or economic returns for the ownets.2018, households in the E7 (without the UK)

aLISY Ul € dom 0 %bfiofathgusepdilcdnduiniifich onvactivities or items related to

transport European Commission, 2020 his has been confirmed(i KS a i dzReé o6& DI daf A
f® OHAHHI LI MO gKAOK F2dzyR GKIFIG GKS aaz2darkt € A-
t6 SSY epdpdpInyun F2NI Iy hLISt /2NAI (2 edppcITtdy F2!

travel distance of 15,000 car kilometres per year.

Air pollution: Transport produces multiple emissions reducing the local air quality af-
fecting the agricultural crop gids(Brlek et al., 2020 the health of people (e.g., global morbidity
due to diseases and premature deaths) and the environmBoh§ardt, Schmid, et al., 2011
DI aaf Ay 3 ). QiipollutardsXesult in vedpiratory and cardiovascular diseaseshwhic
turn incurs additional expenditures for medical treatment costs or paid sick leaves from work
(Brieketal, 2020 ® ! OO2NRAYy 3 G2 YNyiatax A§@ )I&tpodllltidndEn mn m@A G
accounts for 6% of total mortality out of which halfigributed to motorized transport. In ad-
dition, air pollution also damages buildings by polluting the surfaces or encouregirasion
processes caused by acidic substan@&stek et al., 2020 Lastly, polluted air also affects eco-
aeaisSya (RNPUzZEK2YI OXRA2T X LINSBOALRGIGAZ2Y FYR 61 GS

tems, in addition to the loss of biodiversitgriek et al., 2020

Noise According to WHO (2011, citedDnl & & f A y 3 =S {LJdl © ¢pD Millidn bApIE @ a2 y S
healthy life years are lost every year fromtrafidcS t | 6 SR y2AaS Ay (GKS 2SaiSNJ
Traffic noise negatively impacts the quality of life and health in ciBesdardt, Schmid, et al.,

2011;D1 &aaft Ay 3 ) a&hdincuré Mygherostsifor thedical treatments as well as economic

losses. The health of individuals exposed to traffic noise is affected by annoyance and increase

Ay aGNBaa gKAOK KIFa 0SSy ftAYy{SR (G2 aY22R OKIy3S3
ery from tirednessnervousness, anxiety and phobia, cardiovascular diseases, and cognitive im-

LI ANYVSy G DF aGK AfyRNISYES). Indaddition, maise pollution affects housing

prices and losses in productivity due to poor concentration or fatigue @ aet a.,y2@L9.
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Climate ChangeOne of the drivers of global warming and climate change are GHG emis-
sions with transportation being accountable for 13% of global GHG emissions and 23% of energy
related CQ@emissions Bongardt, Schmid, et al., 2011Inthe EU (without the UK), GHG emis-
sions from transport have been increasing over the past years and accounted for a share of
24.6% European Commission, 20204dn addition, road transportation contributed 71.8% of
CQ emissions from transport in 2018 out which C@emissions from cars represented a share
of 60.3% [European Commission, 2020®eveloped countries are currently still the largest con-
tributor to GHG emissions driving climate change and associated costs. For example, the climate
costsof trankJ2 NIi Ay GKS 9! | 002 dzy (i S RHeifighNJ -$tiftdbde @ € mn
2021). Furthermore, the forecasts until 2030 project an 80% increase in road transpated

emissions in emerging economies such as Cldnadardt, Schmid, et al., 2011

Congestion Not only does congestion contribute to air and environmental pollution,
but it also significantly contributes to the time people spend waiting in traffic instead of dedi-
cating it to other activitiesgongardt, Schmid, et al., 2011n turn, hat also affects the well
being of people and drives stre®8( & & f A y 3 ). fiadditidn,dvéhicle owmens or freight
operators need to face increasing operating and fuel costs arising from conge3tinga(dt,
Schmid, etal., 201D 1 aaf A y®AY.SG | f o

Energy intensity and natural resource consumptidn:2018 transport accounted for a
share of 31% of final energy consumption in theZzlbut of which road transport represented
93% European Commission, 2020due to current global trends, transport activities (e.g.,
freight or road transportation) will requér further extraction of resources and contribute to a

large amount of energy consumptioBdngardt, Schmid, et al., 2011

Habitat fragmentation and land consumptionTransport requires considerable
amounts of the natural environment for necessary infrasture (e.g., roads, parking spaces,
highways) contributing to habitat loss and shrinking the space available for species or separating
populatiors of speciesBrlek et al., 2020; Bongardt, Schmid, et al., 20l addition to habitat
degradation througtpollution of soil and groundwateD| & af Ay 3).S4 Ff & HaAMD

Road safety and cost of accidentBraffic accidents incur large external costs on society:
material costs, such as the vehicle damage (e.g., material damage to the vehicle or other
transportrelated infrastructure), administrative costs (e.g., police and firefighter interventions,
administrative costs by insurance companies or official offices) and medical treatments (e.g.,

urgent intervention, rehabilitation, longerm treatments of disabled), ahimmaterial costs,
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such as shorter lifetimes, suffering, pain and sorrow (Brlek et al., 2020). In 2018, the number of
accidents involving a personal injury in the EU v@8,511 (European Commission, 2020a).

Pedestrians and cyclists are especially vidbtr in acardominating society.

Mentioned above are just some of the challenges and issues urban areas have to face
due to unsustainable development practices from the past. In addition, transport is embedded
within other, larger systems (e.g., urban ase global biosphere) and therefore influence the
development of other systems in addition to being subject to shaping fdroesthem.Figure
lis a simplified depiction of how transport is subjectitdluences from other systenandhow
it in turn also reinforces them. As outlined above, the transport sector is directly or indirectly
NBalLRyaArotS TFT2NJ YdzZ GALX S OKIFffSyaSa 2F G2RIe&Qa
development of transpdr For example, different mobility patterns (i.e., edwminated cul-
tures) contributed to higher levels of GHG emissions which are speeding up climate change. The
latter is a source of unforeseen disruptions (e.g., natural disasters) and the reason tioueon
ous migration to cities from South to North (i.e., urbanization trends). A diverse range of forces
put pressure on transport infrastructure and shape its development. This interconnectedness is

reflected inFigure 1and aims to present the complexitfo a2 f @Ay 3 (2RI &Qa OKI ff $:

Development of transport

Negative impact Global trends

HGUREHL: INTERCONNECTEDNESS OF GLOBAL TRENDS AND DISRUPTIONS WITH TRANSPORT AND ITS NEGATIVE EXTERNALITIES
(ADAPTED AFTERRA2009).

The transport system in urban areas is exposed to differepegyof disruptions which
can be grouped i four categories according to their source and nature: internal and external
factors, intentional and unintentional (sdeable ) andcan happen on different timescales (e.g.,

unexpected natural disasters, daily disruptions such as traffic jams or accidents, derong
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invisible changespflthough the COVHD9 pandemic did not pose direct stress on the infrastruc-
ture, it disrupted themobility demand and patternsPOLIS & Rupprecht Consult, 2Q)2br

which reason it would be classified as external and unintentional disruption.

Internal External

Intentional | labour market conflicts (e.g., union sabotages, terrorism, acts ofar,
strikes) pranks, political instability, demand ris
strikes, cyber attacks

Uninten- human or system mistakes, acci- | naturaldisasters, extreme weather cor
tional dents by users or staff, technical | ditions, global warming, fuel crisis, nat
failures, system breakdown/failurg ral resource depletiornthe COVIB19
mechanical failures, infrastructure| pandemic

maintenance

TABLEL: DIFFERENT TYPES OF DISRUPTION OF THE URBAN TRANSHSBURGBNEAPTED AFTERENG ET AL
2021;BARRIOLA2021;FERNANDES ET.A2017;MATTSSO& ENELIUR015;MARTINS ET AR019).

1.2 Purpose Statement and Research Question

As outlined in the previous chapters, urban areas, and therefore transport, are subject to
multiple disruptions while saultaneously also reinforcing them. Transport in urban areas needs
to prepare for future uncertainties while reducing its impact on their drivers (i.e., referring to
sustainability). Thus, the purpose of this study is to explore how the C®/fandemic Hec-
ted transport in urban areas and what was the role of bicycling during the period of disruption
while also addressing the sustainability aspect of further development by exploring different
dimensions of resilience and sustainability. The study aingésttover how bicycling can contri-

bute to the resilience and sustainability of transport in urban areas in the@@at1E19 world.

Overall esearch question:
What is the role of bicycling for the resilience and sustainability of transport in arbas in the
world after COVIEL9?

Considering the negative externalities of transport and current global trends, the cities
should prioritize active modes of transport, such as cycling, as soon as poEsé&eOVI9
pandemic happened very recentiherefore there is an overall lack of empirical evidence in the
literature. Some research has already been done on how the cities adapted to the pandemic and
how it impacted cycling (seehapter 2.4, however, there is an additional gap that this thesis
aims to fill. Is it more important for the cities to adapt their built environment (i.e., infrastruc-

ture) for bicycling, as in the case of Graz, or introduce a sh@redOf Ay3 &aOKSYS & dzOK
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in Ljubljana? The answer to this question will be provided through a comparative case study
where two cities of similar size will be compared and the role of cycling during the pandemic in
eachassessed. The results of this study could therefore belaéviar local policymakers, bike
sharing scheme operators and other stakeholders involved in the degisaiimg and planning

of urban areas.

1.3 Conceptual Framework

¢CKS /2yOSLJidzrf CNIYS@g2N] RAALI I &a I waoOKz2f Il NI
TraffodNRS HANTO @ | NBEaSI NOKSN) RS@St2L3a al YIL 2F (K
topic of research, giving purpose to the links among different variables (Leshem & Trafford,
2007, p. 99) and how they will help answer the research question. The minatéramework
YIed 0S RSNAOGSR o0laSR 2y (GKS dal LIWINBOAFGAZ2Y 2F NB
GKS GKS2NBUGAOIE LRardGAaAzya G261 NRa GKS LKSy2YSyl
p. 99). Other benefits of a conceptual framework ane &bility to provide a comprehensive
overview of the theories that guide and influence the research and providing a theoretical foun-
dation to design and interpret the research (Leshem & Trafford, 2007). Therefore, the following
section aims to explain hodifferent theories are interconnected, how they will become oper-
ationalised in the context of transport and how these ideas evolve into the research question. A

visual representation of the conceptual framework is provideHigure 2

The literature revew was divided into two sectiorfseeFigure 2. Literature Review Section
| provides a summary of four topics that will guide further review of the literature and set the
foundation of each topic. Theories on sustainability, resiliencecamaplexity are the core the-
ories important for the research topic of this thesihus Section provides aroverview of the
Y2ald AYLRNIIFIYy(d O2yGNRodziAzya FTNRY (GKS FAStIRO® C2
and popular concept. However, due the overexploitation of its use, it became very vague. The
review of the main contributions and how they diverge from one another is important as that
will provide the foundation for the collection and analysis of literature includeSeiction 1bf
the literature review and the perspectives later brought into empirical research. The fourth topic
provides an overview of the most recently published literature on the impacts of the CIOVID
pandemic on transport in urban areas with a specific focus orelmgy This section is important
because it sets the thesis within a specific timeframe and provides the foundation and evidence

that helped define the research question and structure of the thesis.
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Literature Review Sectionintegrates core theoriesand Sia (GKS G2LIAO 2F W
YR WNBaAftASYyOSQ Ay G(KS O2yGSEG 2F (NI yaLR2NL
forces contribute to the current state of the art of transport in urban areas. That is because
transport is a complex stem embedded within a larger system (urban area) that evolves over
time. The purpose of the firs&€Ehapter 3.1Transport as a complex systésrtherefore to empha-
sise the complexity of the topic and the need for an exhaustive analysis of all underlyie dri
and elements. That is applied in the followi@bapter 3.2nstitutions, culture and development
of transport and urban areasvhich discusses the development of transport in urban areas over
time, and the role of culture and institutions as two contd dzi A y 3 G RNRAR OSNRBRE 27
ment. Chapter 3.3Resilience and Sustainabilfizovides a link between the theories and rea-
soning on why they should be addressed in conjunction. Further two sections focus on each
topic separatelyChapter 3.4Sustainabitiy of transportprovides an overview of definitions of
sustainable transport and different indicators used to measure it. Similahigpter 3.5Resili-
ence of transport in urban areadNRE A RS&a 'y 2@3SNIBASE 2F K24 WNJ
transport has been defined across literature, different characteristics of resilient transport and

indicators that measure them.

Overarching
research
question
with
subquestons e = — - —

Literature
Review Part I!

Literature
Review Part |

HGURR: CONCEPTUAL FRAMEW(BMXURCEAUHTORS OWN.
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2 UTERATURE REVIEWART

2.1 Complexity

Planning for the future requires a comprehensive assessment and understanding of our world
L SEAGE (KS2NASa KStL) da 4SS (GKS 62NIR I a

tions and therefore provide a better understanding of howestideveloped over time and need
develop in the future. The following chapter introduces the complexity theory and applies it t
context of transport systems. The topic will be further put into the context of transport systen
urban areas in twoexctions ofLiterature Review Part IChapter 3.Iransport as a complex systemd

Chapter 3.anstitutions, culture and development of transp(seeFigure 2: Conceptual Framewdrk

¢2 0SUOGSNI dzyRSNR UGl YR K2 ¢ Waduavéd, idisirhporfarditA G & Q | yR

to understand the world as a system and what characterises it. Today systems are exposed to
internal and external forces which influence their development. Within the mainstream discus-
sion, the perception of our world being in &adystate (i.e., in one equilibrium) has been prev-
alent. However, due to changing conditions (e.g., changing climate, biodiversity loss) systems
theory has challenged this perception and changed the way we think about our systathsr

than static wesee them as dynamic.

According toMeadows & Wrigh{2008 p. 11) ae&ad Sy Aa al aSi 2F Ay
A

YSyida oKAOK NB 2NEFYA&ASR Ay |+ steée (2 I OK
system are different elements, interconnections among th@mdthe overall function or pur-
pose of the systemMeadows & Wright, 2008 What makes those systems complex is the mul-
tiplicity of different working parts (i.e., elements) and interconnections among them to achieve

a particular purpose or provide a fuimn. As Holling2001, p. 393 puts it, complexity results

TNRY | GaAYFEESNI ydzYoSNI 2F O2y i NRf t A yomankINRE OS54 S 4 ¢

zation of the systemFor this reasoniieadows & Wright (2008p. 12) argue that systems are
more thanjust the sum oftheir LJ- Nia | yR OFy SEKA 0 %deking,lsdfl LJGA &S =

preserving, and sometimes evolutionary behang

Complexadaptive systems (CAS) have the ability to change or adapt (i.e., twrgaif-
ise) themselves to overcome anysdiption Holling, 20Q; Folke et al., 2002; Meadows &
Wright, 2008 Walker et al., 2004which they can achieve by creating new structures or behav-
iours Meadows & Wright, 2008 Thissei2 NH I yA al (A 2y tHataReraie Sddromd ae adSya
equilibriumand areOK I NI OG SNA&AaSR o0& Ydzf GALX S HaoRedetiah,0f S 2

€

g

dzii Oz



THE ROLE OF BICYCLING FOR THE RESILIENCE AND SUSTAINABILITY OF TRANSPORT IN URBANCARY NALISIVTBREDST

2002 p. 16). Holling2001, p. 394; 1986, | O K
p. 307 has proposed a model depictin conEtTV ok,

this ability to seHorganise which con-

polential —=
il
L

sists of four stages: exploitation<{time

of rapid growth), conservation (K), re -

tS1as om AoSozr ON 3 oo W v R

reorganization/enewal (sed-igure3). T Q

connecledness —

Todemonstrate how CAS pass thrOU(‘:]rTIQGURES: THE FOUKECOSYSTEMUNCTIONS WITHINGPLEX

different stages othe cycle, a hypothet- ADAPTIVISYSTEPROPOSED BlOLLING2001,p. 394).
ical situation in whiclthe transportation system is affected by external disruption (e.g., melak
resulting ina shortcut of oilsupply and high fuel prices) will bensidered
(1) EXPLOITATION OR GROWMHdring the phase of exploitation or growth, the city is in-
novating and creatively using the resources (e.g., constructing an efficient transport system,
introducing new routes, building new transport infrastructure). Within aiaosystemthe
capital accumulated cagither be in the fornof skills, networks of human relationships and
mutual trust Holling, 20Q) or built capital such as transport infrastructure, vehicles, parks
and other elements othe urban landscape. This phase of capital accumulation is very slow
and characterized by increasing connectedness and stability of the syldhmg, 20Q).
(2) CONSEVATIONT): During the phase of conservation, the system becomes more stable
(Holling, 1985, aspiredo maintain the status quo (i.e., remain within the same equilibrium)
2F A420Alf3X LREAGAOIE FyR Odzf (dzNWdke @ BB yA Al G
2004). That is accomplished by increasing the connectedness between elements and in-
creasing control which makes the system more rigid, less flexible and susceptible to disrup-
tions (e.g., natural disasters, economic esiswars, pandemicsHo¢lling, 1986 Holling,
2001; Walker et al., 2004 In the context of transport, the elements within the system be-
02YS OSNE AYGSND2yySOHSR CGN NBIEARLIENIDS 52 @S NI O
capital inthe construction of infrastructure such as anrg spacesr highways for motor-
ized transport dependent on fossil fuels. As people heavily rely on this mode of transport,
they become more vulnerable to disruptions such as hikes in oil pricessinduél supply.
This makes the overall system (iteansport and urban area) and its elements more vulner-
able. As such a disruption would affect the mobility of individuals as wet@sconomy.
(3) COLLAPSE, CREATIVE DESTRUCTION OR RELEINSte @)cumulated capital in the
LIKFasS 2F YO YRS NPIzZKQRly& OMBEf SIF ASRE RdzNAyYy 3 ()
by a quick reorganisation of the systeio{ling, 2001 During this phasea disruption is
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introduced to the transport system (e.g., oil peaksurge in oil prices) which initiates the
WONB PSS RSAGNHzZOGA2Yy Q 27T -dowiBated aBspol gystend anlHzO G dzNB 6
processes (e.g., mobility patterns). This happens very quickly and is follyveeghase of
reorganisation which offers opportunities for innovatidddlling, 20Q).
(4) REORGANISATION:(During the phase of reorganisatiorhéd transport system would un-
dergo a reorganization of its elements and processes. This phase is important as it can lead
to innovations in the next cycl@xploitation). How much a system is able to innovate also
RSLISYRa 2y GLINBGA2dzZaEe AV OO AR VASRSEMGSENITARY AY D
(Holling, 20Q, p. 395 which have the possibility to be reorganised into new structures,
hence creating new opportunities. In the context of transport, the system could adapt to
hikesin oil prices and supplyy individuals switching to active transport modes (i.e., walking
or cycling), using public transport or engaging ingd@aring to split the fuetosts. However,
GKS FoAfAGe 2F G(KS aeadasSy (2 NB2NHFIYyAI S faz2 K7
organisation would only be possible if the city already had effective public transport in place
and the possibility to increase its capacity in the face of higher demand. Similarly, people
could only switch to active modes if the safety of infrastructweuld beprovided (e.g.,
through infrastructurealreadyA y  LJt | OE&LI® NO WLEREJ | YR Oébteda dzZNBa 2 F

motorizedtraffic).

The fourphase adaptive cycle has demonstrated how organisations and functions constituting

biological, ecological, @hhuman systems evolve over time and react in times of disruption.

However, to understand their reaction in times of disruption it is also important to understand

K2g RAFTFTENBESE WR2AMNMA @S 0e O0f SaQ I NRBRoopiatgy SOG SR (2
ducesa new termg panarchyg to provide a different perspective on how systems are nested as
adaptive cycles in a hierarchical manner across different time and space scales (e.gvegliobal
suslocal, year ersusRSOF RSO0 ® ¢ KA & Aa A diadhdNd thosdicycesSand dza S (G K S
0KS O02YYdzyAOlI GA2y 0S06SSy GKSY RSkofingaa S K

p. 396) due to the fact that systems are connected among different levels within a hierarchy and

embedded within other system#16lling,2001; Meadows & Wright, 2008 Hence systems in a

panarchy are ordered iaK A S NI NOKA OF £ & { NHzO (i dzNBndingdadaptivef & 2 & Ay (i S
Oedft Sa 2F INRSGKE | OOdzy dz Holling,2005. 38BUnderstdr@-i dzNA y I35 |
ing that our gstem is organised as a panarchy is important because the resilience of a system

G 2yS 508t ta2 RSLISYRaE 2y 2N AyFtdbSyosa GKS v
(Walker et al., 2004 During the pandemic, the ability of SES to reorganiseatsorb the dis-

10
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ruption (i.e.,the spread of the virus) was also influenced by pandemic measures of local or na-
tional governments. The best example of hive transportation system reorganized is when
local governments decided to promote cycling, cbhfee streets formotorisedtraffic to in-

crease walkability and cyclability, and implemented jgpbike lanegseeChapter 2.3.
2.2 Sustainability

221 5SSt 2 LByl R2yFl MMt S RSOSE 2LIYSyiQ 20SNJI 0

5Aa0dzaarzy 2y ¢KIG YI1Sa RS@OSt2LIVSyd Wwadzi

Report(WCED, 1989. 1§ RSFAYAGA2Y | R2LIGSR o0& GKS Yl Aya3
velopment that meets the needs of the present without compisimg the ability of future generation
G2 YSSO GKSANI 26y ySSRadé C2N) GKAA NBlFaz2yj3
important milestonescontributing to thediscussion on sustainable developmemtd identifies differ-
ent visualisaionsof sustainabilitt Yy R & O2 y ¥ £ A O Tihis s impoftanyTa thé risa8er © ur
derstand how diverging perspectives contributed to the development of urban areas (see Chapt
Institutions, culture and development of transport in urlzaeag and how sustainability is connecte
to resilience (see Chapter 3Resilience an8ustainabilitp ® Ly | RRAGA2Yy I GKS
OAfAGRQ LINRPOGARS || T2dzy RRFFBNEYZNIRBENIY K 8 NI2
andindicators that measure it which will be presentedGhapter 3.4Sustainability of transporfThe
interconnections among the topi@nd two literature review sectionsave also beenisualisedn Fig-

ure 2: Conceptual Framework

In 1962, Rachel Carson publist&itent Springvhere she openly criticised the chemical
industry for misinforming the public and degrading the environment through the harmful use of
pesticides whichis one of the first publications giving a rise to enmireentalism In 1966, Ken-
neth Boulding publishedhe Economics of the Coming Spaceship Edrith was one of the
first publications contributing to the formulation of the discourse on circular economy. Boulding
(1966 p. 9) warned about the dangersfofA @Ay 3 Ay |y SO2y2YAO aeaisSy
A2A0SYQ KADOKG KBS (SM20BEMOME & Yo2f AaSa aAtfAYAGE
NBO1fSaasxs SELI2A0I0ABST NRYFYGAOS FYyR @Azt Syl
rent systems openandrequires a throughput of matter, energy and information to function. In
such a system, throughput is to be minimized, stocks are to be maintained and success is to be
YSIAdNBR 08 (GKS ayl (1dNBs SEGSYy(=(RENEANE T KIBRR
measuringgrowth throughincreasingconsumption of energy and resourc@oulding, 1966p.
O9d 1 a | 02y (N} RAOG AR yamd @ wih(iR e & LISOR YRV Q5 02 y
GKAOK Aa Iy SO2y2Ye g KS NBip, wihouNmlikited Ss@r@ofsSo || & A
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anything, either for the extraction or for pollution, and which must find its place in a cyclical
SO2t23A0It aeadsSy 6KAOK Aa OF LI ®duling2186602 vy (1 A y dz2 dzz
9). The limits of economigrowth in terms of laws of thermodynamiegere further popularized

in 1971 with the publishing by Nicolas GeorgeRaegenThe Entropy Law and the Economic
Processedn the paper, he focused on the quality dimension of energy and matter consumed

and prodiced. The economic process does not distinguish between inputs of matter and energy

(i.e., low entropy), and transforms both into waste (i.e., high entro@gafgesctRoegen,

1975. In other words, the economic system consumes valuable sources with tovperte.g.,

fossil fuels, materials) and at the final stage of the economic process produces valueless waste

with high entropy GeorgesctRoegen, 1976 This was important as it contradicts the narrative

of indefinite economic growth being possible as that is eventually constrained by the laws of
thermodynamicsA year later, in 1972, a publication the Club of Romd&he Limits of Growth

(Donella et al 1979 was published by a group of scientists who warned about the worrisome

future of the planet due to the present patterns of population growth, food production, resource

use and pollution and possible collapse of our ecosystems caused by exceedagrifing ca-

pacity of the planetBaker, 2008 The report was among the first to criticize the pursuit of con-

stant economic growth and warned about the possible negative outcomes. The report and sci-
entists, however, received a strong backlash of critidisr failing to predict the impact of tech-

nological innovations contributing to more efficient resource use and pollution reduction. This
fa2 aFdsStSReé GKS NaasS 2F WwWgSI] adadlAylroAftAdGeQ
RS@St 2 LIYSy i OR NBJ Baldrfi2@Rinthdy2, the United Nations organized the

first conference on the human environment where, for the first time, environmental issues and
sustainable development were addressed on such a large international scale. Interestiagly, t
conference organizers symbolically organized a-l2i@gcle parade across Stockholm and en-
couraged conference participants to move around the city and venues on bicyolassn,

2012. This was followed by the first oil crisis in 1973 and the secondrigis in 1979 which

disturbed the markets and negatively affected the industrialized world highly dependent on
cheapcrude oil/( YLI6 St 3 [)I K YNRENB = 9m d)pedttdNBaNie o0 My
sudden increases in prices are expected to bearfoequent in the future and that the world

needs to prepare for the posdil economy due to decreasing reserves and-tastving demand.

It was in 198@vhen Bustainable developmefivas picked by the mainstream with the
publication of theWorld Conservation Strateg@ddreseng ecological sustainability. The publi-
cation, however, neglected other present social and economic issues. This link was made in 1987

by the BrundtlandCommissin Report which connected economy, society and environment

12
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(WCED 198B7) (today known adhe three pillars of sustainabilir Tripple Bottom Line Ap-

proach and acknowledged the fact that the stresses and problems from one of the three pillars

affect the dher two pillars Baker, 2005 The report is the origin of the most widely adopted
RSTAYAGARZ2Y 2F adzadlAyloftS RSOSt2LIVSyd oKAOK A
sent without compromising the ability of future generations to meet their ownRée¥CHED,

1987 LJ®» mMcod & &adzOK GKS RSTAYyAGA2Y NBO23yArasSa
YSyd INB y24 3SySNItAarotS¢é FyR AT 4SS gl yiSR
that would destroy our ecological sources and siikaly,1990, p. 32). Human activities, such

as fossil fuel extraction, agriculture industrializatiandconsumption patterns, are pushing the
9FNIIKQa aeadsSy 2dzi 2F GKS adlofS SYy@aANRBYyYSyddl
catastrophic to the wdd w2 O1 & G NI Y ). $he bduridarigs ofthrer garth system pro-

cesses have already been exceedetimate change, rate of biodiversity loss and interference

with the nitrogen cyclewy 2 O &  NJ Y ). 8lioughtthe Brundtland deport further del-

oped the definition by specifying KS GRA&GAYOlA2YyY 06S0i6SSy RAFTFSN
ySSRa 2F GKS 62NIRQa LR2NIINB (2 0SS LINA2NRARGAT
ganisation to meet the needs of the present and future are tdNd O 2 3 YWCES RS 7D.

41), the mainstream widely adopted only the first part of the definition and failed to implement

0KS aFdzZ £ LINBINIYYSE GKI G Bakeri200p2 y OSLJidzl £ AT SR

As such, the need to reduce the needs axttavagant wants of our affluent societies
(Daly, 1990p n & & =0 HInyiR G KS FI1 OG GKIFG a3aINRBSGK Aa yz2i
allyOSaé¢ ¢Syl Bakery2DG6(R1)ag yiehtiohe®sy Ralyq1990, p. 35) if meet-
ing the needs of the @sent implies that each Chinese family of three owns a car thestain-
able development is impossilsle@onflict arises also when considering téel of communitQ
at which sustainability is to be soughtK A OK A& NBfFGSR (2 subs& aO2 YL
tutability of the natural and humaiY' I RS O (D&lA 1D90p. 8. Substitutability is the as-
sumption that natural capital can be substituted for hurraade capitalThis can be demon-
strated through an example of importing lithium (natural capital) in return for the humade
capital (money). If one country is running short of local lithium reserves it can indeed solve this
problem by importing lithium (natural cajgif) from another country in return for money (hu-
manmade capital). But rather than assuming that the relationship between two types of capi-
tals is the one of substitution (i.e., a certain country substituting money for lithium), it is rather
complementaryas the country exporting lithium had to make exact opposite choice (i.e., replac-
ing their lithium (natural capital) for money (humafl RS OF LA G f 00 d Ly O2yOf

ability to substitute humasmade for natural capital depends on some othery¢dil NBE Qa Y I {1 AY
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the opposite (complementary) choice (Daly, 1990, p. 36). More on substitutability versus com-

plementarity will also be discussed@mapter2.2.2.

In conclusion, although the usetife O2 y OSLJG 2 F Wadzadl Ayl ofS RSOSH
adopted bythe mainstream and incorporatedtmdifferent development plans, its ovexploi-
tation turned it into another buzzword that is very vague, ambiguous and inconsigBand-(
Ydzy Rdaz2y 9 Taht® Q08 OMPANT G KA & NBI &2y ZtairbldeNIi K SNJ St |
RSOSt2LIYSyidQ adFNISR G2 SYSNHS |yR &aLX Ad F LI NI®

perspectives on sustainable development: stroagd weaksustainability.
2.2.2 Different conceptions of sustainability

Susan Baker (2006)dered different models of sustainable development on a ladder
ranging from the weakest to the strongest and ideal model of sustainable development. Alt-
K2dzAKZA GWAYF0ATAGREQ YR Wadzaldl Ayl oftS RSGSt2LIYSy ¢
the twoterms have a slightly different connotation. Therefore, it is important to also explain the
difference between the two termi addition to thedifferences and diverging points between

weak and strong sustainability.

As explained in the previous chapt&#a dza i Ayl 60f S RS@St 2LIYSydQ KI &
through Brundtland Report (WCED, 1987) which focuses on solving the environmental problems
through further development in a sustainable way which at the same time pueugsonmen-
tal protection as well asantinued economic growthWashington, 2016 The two things are,
K26SOSNE y2iG O2YLI GA6ftS odzi NI GKSNJ Ydziidz £ £ &8 SEOf
0KS Sy g@AiNRy Wskingtorf, 20%) plIBGIAGE ¢¢ KOA & A YL ASa GKIF G WwWadzl
YSyidQ A& [AfhougtEsdmezdi@aysdsuch as Daly (1997), reférkoS WRS @St 2 LIYSy (i ¢
as qualitative change rather than quantitative growtthe mainstream pursues ongoing growth
0 KNR dzZaA K Wa dzZa LY 3 Wasinbiih, 2855 Dug to this ambiguity and vagueness of
the definitionof Wa dzA G Ayl 6f S RS@OSft 2selfseving QI K S2 SNy Y&SFORAY $

businesses were able to adopt the term without actually compromising their attachment to the

! Daly (1997) argues that there is a point in time at which growth in scale producesnegagve envi-

NREYyYSyidlt Ozaida (GKFry oSySFTAGa G 6KAOK LRAYG alyeé Fdzh
(1997, p. 110). For this reason, he discredits quantitative growth and further throughput of resources and

OFftfa F2N) aNBRAADGEADYAMNR gSY Gzl t Ay STFAOASyOe 2F NBazd
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economic growth \Washington, 203). Sustainability on the other hand is a broader concept that
F20dzaSa 20WSNMKSadadRlyAyl oAt AGe F2NI Fff FaLsSoGa 2
excludes the need for economic growth (i.e., GDP growth), ackngestethe problems we are

currently facing, and acknowledges the ecological limits of the e#tshington, 208, p. 365),

among others. Fowashington(20lp = LJ®» oTHOU X GKS GSNY WwWadzail Ayl
0KS yS3ardA@dsS 02y assd) dBNROSHEK 2YFe WikKESP aCSyNIfSK A a NI |
NEFSNE (2 WwWadaAadGlrAylFroAtAdeQ NI GKSN GKFIYy Wadzadl

Weak Sustainability

Weaksustainabilityhasdiverged fromenvironmental economics, which is an extension
of neoclassical economics (prevalent in economic schools today) the objective of wtach is
sustain the growth of the market econonf@aker, 2006Wilson & Wu, 2015 Baker (2000, p.
oHUO aa20AF BARRGROK Wa Sk HzaBlueplinthy ®avid ReareePearde i K K
Si Iftd mMmpypv KAOK OfFAYa KFG aiGKS o0Said sl e
2N Y2y SiGl NBE @I f dzS¢ o

According to Joumard & Gudmundsson (2010, p. 57)t8el { | LILINR | OK LISNXDS
ural capital as part of the total capital which consists of (a) humade capital (e.g., knowledge,
know-how), (b) productive capital (e.g., productive goods, industrial goods), (c) social capital,
and (d) natural capital (e gnatural resources, natural goods, renewable versusneoewable
NE&a2dz2NOSaod ! OO2NRAY3 G2 GKS 4SS adzadl Ayl oAt
ble and equivalent” (Joumard & Gudmundsson, 2010, p. 57) and natural capital can be substi-
tuted by other types of capitaBaker, 2006Gudmundsson, 2010; Holland, 19%é&rschner &
hQbSAfEZ wampT { LI &KX H i uBetause differeit typesioi cafital 2 A £ & 2
are substitutable among each other, the natural capital may be consumid ad (G NI y & F2 N S
into some other capital type in order to "maintain the level of total capital assets" (Holland,
1997, p. 126; Daly, 1997, p. 50). For example, extraction and consumption of oil reserves are
justified if they are used for the production afdustrial goods that can be passed on to future
generations (Joumard & Gudmundsson, 2010). Another perspective is that of technological ad-
vancement, as the scarcity of resources can be overcome (i.e., substituted) through technologi-
cal processes (Munda, 99) that make their production or consumption more efficient. Because
2F WISOKYAOIt OKFy3aSQ ¢S KIFI@S GKS FoAatAGe G2 1
NBIljdzA NER (2 LINRPRdzOS (GKS dzyAld 27F 2dziLlddieé 6{ (A:
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a0 NOAGE 2F NBaz2dzNOSad {AYAtTFNIe&s {2tft26 ompdpT =
tution of capital for resource inputs, when machinery reduces waste or allows us to use new
GelSa 2F YIGSNAIFta GKIG 6SNB LINBOA2dzaft e dzydzal of S

Environmatal issues are also monetarized to make them comparable to economic val-
ues (Joumard & Gudmundsson, 2010) and this implies that everything, according to the weak
sustainability approach istrongly comparable and commensurablen monetary terms
(Kerschnes h Qb SAf f X H ) Aspichyeakgulthirkability daps not believe in the
intrinsicvalue2 ¥y I G dzNI € OF LIAGFE GKFG A& O KersebWy | G dzNBEQ A
asSSa A0 Fa WwWaI f dzBakd RBE NMundaNIY S £ dzS y SdziNI f Q 6

(p))

Strong sustainability

Strongsustainabilitydiverges and disagrees with multiple paradigms of weak sustaina-
bility. First, it rejects the idea afuantitative growth (i.e., more is better) measured in material
terms, calls for qualitative development with prioritization of quality of life and believes that
environmental protection is a preconditidor human or economic developmeriéker, 2006;

Y S NB OK Yy S NJ01%5, Marthéez-Bliertef af, 1998SANZ, 2009 Especially physical stocks

that are considered nosubstitutable should be preservebléumayer, 2018

On the contrary to weak sustainability, thel N2y 3 ddza Gl Ayl oA f AdG& LISNA L
man-made and naitral capital are complements, and therefore have to be maintained intact
0S0lFdzasS (GKS LINRPRdAzOGA@AGE 2F 2yS RSLISyRa 2y GKS
Daly (1997, p. 50) supports this by assuming the oppqsité YSt & > G K G fnath-OOdzY dzt I i A
ral capital, as a negrerfect substitute of humamade capital, would be sufficient for our sur-
vival and there would be no reason to accumulate husvah RS O LA GF f ¢ ® ¢KAAZ 27
simple provocation aimed at proving that naturahd humanmade capital are indeed comple-

YSYGUlrNE G2 2yS Fy20KSNW 51f& ompdptI Lmillpm0 FdzNI K
without forest, a fishing boat without populations of fish, a refinery without petroleum depo-
AA0aKeéd ¢Kdzaz | Acapitdl ¥ Somdedbidaty Athe Isudstainalyflity iis day- at-

tainable if that critical capital (e.g., functions of the biosphere, life support systems, oxygen,

61 GSNE OFNbB2y RAZEARSO | NB Yl AYiAlieAey8.,R998Y SNE OKyY St
Neumayer, 2013; Vatn, 2009).

¢KS aiNRy3 adadGrAylroAfAde LINFYFRAIY +FEfaz2 | INB
used, then its regenerative capacity must not be exceeded so that their environmental functions
NB Y AY NeunayerOaDE3p. #6). An example by Huetings and Reijnders (1998, p. 145,
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cited inNeumayer, 2018 A & LJIN@rade\oReBoRion ofttopsoil may not exceed the rate of
F2NXIFGA2Y 2F adzOK a2Af RdzS (G2 6SIFIGKSNAYy3IED ¢ K
mail SNA Lt ¢St FIFINBUO aOlyy2id O02YLISyal GdS ¥FdzidzZNBE 3¢
dation, declining stock of directly utilielevant renewable resources and a rising stock of pol-
fdziA2yé O0bSdzYF@SNE HnmoI LI H yeb 2013patit] LA G2KY 0 M
pensation does not licence society to pollute, provided the damages created are less than the
FY2dzyd 2F O2YLISyal iAzyéod wl G§KSNIJ FdzidzZNBE 3 Sy SN
GSNBSYSNY GA2Yy T Sy JA NSy r¥cSghitek that deondfity B § subsysterh 6 A R @
of the global ecosystem and therefore limited in its expansion (i.e., indefinite economic growth

is not possible)Nlunda, 1997Neumayer, 201 Strong sustainability rejects the idea of strong
comparability(i.e., the existence of one single value used for comparison and raking of different
possibilities) but acceptseak comparability(i.e., the ability to compare different possibilities

without using one single type of valudjdrtinezAlier et al., 1998; Mnda, 1997 and therefore
incommensurabilityg KA OK A& GUKS F0aSyOS 2F | 02YY2y dzyh
ues, entails a rejection of monetary reductionism but also any physical reductionism, but allows

for different options to be weakly comparbbS ¢ A (i K2 dzi | O dzI fMaginedza A y 3 |
Alier et al., 1998, p. 280It also acknowledges that the current understanding of the complexity

of the natural environment is limited and that scientists, decisanpolicymakers should adopt

the precautionary principle (i.e., it is better to be safe than sorry) when faced with uncertainty

and managing riskB@ker, 200k

hy GKS 20KSNJ KFYyRXZ Al A& AYLERNIFyYyd G2 YSyi
adzNR &dza il Ayl 6Af A (sastinabifySmentidnéd<abdvd dsisRehti@liK Gaim- G 2
Ay3d GKS aryS GKAy3Id {(iNRBy3Ife& lFoadaNR adzadl Ayl o
y2i G2 0SS &dzmadAaiddziSR Sddand 20BPNEB). A OFy 0S5 4&dz

Different visualisations dweak- and strong sustainability

The purpose of the following section is to simply point to the dangers of mainstream
So3Ivs odzaAySaasa +tyR A20SNYYSydiao R2LIGAZY 2
f S RS@St 2 LIYSyY (i Qdeapér dldb@ratiin. One/ ¥ theTrue Wide§phead visuali-
al GA2yada 6KSY NBEFSNNAYy3I (2CKNRIBGtAYEDNE RBEOIJ(
(seeFigure Jalsol y2 6y | & (KS WEINIgthd 2D0pwheré écanymy[ eAwfdB-Q ¢

o~

(@]]

ment and societyare seen as equally important pillars for the subsistence of the wiadéh(ich
| -$tiftung, 2021 Mulia et al., 20165ANZ, 200%r that economic development is necessary

for environmental protection Baker, 2006 However, the risk of adopting thigsualisation is
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the neglecting of the social and environmental pillars for the sake of economic development

(economic pillar) (Mulia et al., 2018ANZ, 2009; Wang, 2015vhich is also known as the

Wa A @254 S SeeFighre4l ieredhe separatiy £ S Ra (2 | daaffslliAzya (K
Oy 6S YIRS 06Si¢6SSy GKS GKNBS aSOG2NRI Ay fAYyS
natural capital can be replaced or substituted by hurmaade capital (Giddings et al., 2002, p.

189). This perspective undens most global economic and political decisioaking, is known

& W. dza A y Ekidgtoh, 2008 dzizh £ QS& | f ®X HamcO YR 2FFSNAE |
such as pollution control or greenhouse trading, to sustainable development issues fadner t

addressing the interconnections between the three pillars and underlying drivers of current

LINEOf SYaé ODARRAY3IaA SO [P waonuzZ LI mydpod ¢KS a
triple-bottom-line definition as it aims to achieve aba@® | Y2y 3 (G KS (GWUNBS RAYSY
(2013, p. 1003). Still, the downside of not recognising and visualising the fact that human activity

is ultimately constrained by the biosphere (i.e., the economy and society cannot exist outside of

the environment) (Gidaigs et al., 2002; Mulia et al., 20Mfang, 201% might result in actions

prioritizing one of the other two pillars at the cost of the environment and as such following the

weak sustainability where natural capital is substitutable with other types ofalapphe strong

sustainability principles have been reflected by the third visualisation where society and econ-

omy are nested within the environment.

ENVIRON-
BIOSPHERE
SOCILAt . MENTAL
- —
SOCIAL ENVIRON-
LR i X SOCIETY
_
| ECONOMIC ) < N
/ £ \
\ ' A 4
ECONOMIC // ~N__~ ( ECONOMY /]
Triple Bottom Line Model The ,Mickey Mouse effect” Strong Sustainability Model

HGURHE: THE FOUKECOSYSTEMUNCTIONS WITHINGPLEXADAPTIVESY STEKPROPSED BHOLLING2001,P.
394).
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2.3 Resilience

The following chapter provides an overview of different conceptualisations of resilience
is important because those theories provide the foundation for understanding and ag
ment of different resilience theories in the context of the urban transgystem and providg
the foundation for identification of indicators of a resilient urban transport system (see
tion 3.5Resilience of transport in urban ar¢ashe theories on resilience are also imports
for understanding on how resilience is contegtto sustainability which is discussed in Ch
ter 3.3Resilience and sustainabilityhe interconnections among the topics have also b
presented inFigure 2: Conceptual Framewark

Introduction to the concept of Resilience

The word resilience, derivéBENB Y i KS NI Airkias fiNERENARN (féchnologi-
cal) sciences such as engineering or material studies and was defined as the ability of a material
to endure any pressures without breaking (Nunes et al., 2019). Since, the concept has been ap-
plied in multiple fields and disciplines such as biomedicine, geography, human ecology, social
research, psychology, business and economics (Nunes et al., 2019). In order to later provide the
definition of resilience in the context of transport in urban aseé is necessary to look at its
different definitions. Three main conceptualisations have been identified across the literature:
engineering resiliengeecological resiliencand evolutionary(also calledsocicecological sys-

tems resilience(Nunes et aJ 2019).

¢CKS LINBGIfSyld RSTFAYAGAZY 2F NBaAAfASYyOS:I 4K
08 /® {d I 2ffAYy3T omMdPTOo0I | R2LIGSE AisKBA yLI5 NFULIRAKGM G
desirable (Nunes et al., 2019) and makeda#d 4 dzY LG A2y 2F W3t 201 €t &G 0 A
2yte 2yS aidSrRe adldS SEAadGa FyR Fff 20KSNJ S|
(Gunderson, 2000, p. 426). For a long time, the focus has primarily been on this stability main-
tainingthesa 4 SY Ay (GKS SljdzZAf AONARdzY gKAOK | 2ffAy3a 6
a2adsSy (2 NBGdNYy (2 GKS SldzAf A0NRdzY | FGSNI (K¢
system returns to equilibrium and the less it fluctuates the more stable a systén¥ o1 2t € A Y
MPTOZ LI MTO® ¢KS F20dz& 2F SYy3IAySSNAy3a NBaAfA
constancy of the system, and the predictable world near a single stéady G Sé¢ o0C2f 1 SZ +
256).
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However, in his work Holling (1973,7 0 RSY2yaiN} iSa GKIFIG GKS aa:
NBAaAEfASYd FyR adAfft FtdzOhGdza 6S INBFrite o0AdPSPI KI
worm outbreaks. Furthermore, he argues that as the populations and economies continue to
grow, so does the consption of resources which affects the overall system and moves it away
from equilibrium (Holling, 1973, p. 2) and, as mentioned by Gunderson (2000, p. 427), moves
GKS a2aGSy Ayid2 | adlrasS 2F aYdzZf GALX Steofi oA AGE |
the world, as our system has been operating outside of the equilibrium since the start of the
' YOKNR LR OSYyS ow201aidNIyY SG FftodS wnndd FyR G4KSNB
This conceptualisation of resilience, where the focus is orathility of a system to withstand
different shocks and not only resist the change but to also move into another state was termed
WSO02f23A0Ff NBaAaAfASYyOSQd /2yiGNINEB (2 SYy3aAySSNRAY
OKFG avYdz GALXaE aSiEAGAAGE AGKES N&R2 YUIKAS/ G RAANMzLIG A2y a KI @
GSY Ayid2 Fy20KSNJ adlofS R2YFAY 2NJ NBIAYS 2F 0SK
OMpdc I LIP oo0 NBEFSNNBR (2 GKAa Fa GKS aYl 3yAddzRS
theadadSYy OKIy3aSa AdGa &adNUzOGdzNE¢ o

. 20K RSTAYAGAZ2YyA 2F NBaAftASyOS AyvyLX e GKFG (K
a0FLS A& RSTAYSR Al NBYFAya FAESR 20SNI AYSE 6D
landscape of the system will not clhga the system will either: (a) always have the ability to
remain within one equilibrium (engineering resilience) or (b) move between different equilibri-
ums in the same landscape (ecological resilience). However, over time the need for another def-
intionoF NBaAf ASyOS I NraS a GKS NBaSI NOK LINPOSR (KL
B NAF 6t Sé¢ O0DdzyRSNE2YS>S HAnnnI LI nHyOod ¢KS O2y OSLIX
2F WwO2YLX SE | RIFLIWAGS &é&aidSyYaQsrupioRs, selargaRizZF Ay SR | &
fSENY FYR FTRFLIWGE 6C2t1S SO fdXT HAnHI LI nHOOLD 5
have had on the biosphere since Industrial Revolution, scientists termed this new geologic era
0KS ' YOKNRLIR2OSYS8napmd Ol a&KNIT ¥ S82LX &> RNAFS (1 KS LINE
02dzy RENASEAQ YR 0A23aLIKSNBX (GKSe O2yliAydzsS G2 NBf
consider the complex landscape constituting of multiple interconnected systems and elements,
the scientiss began discussing resilience in the context of setalogical systems (SES) (Folke
et al., 2010; Walker et al., 2004). This perspective of resilience acknowledges that social and

ecological systems are interdependent (Folke et al., 2010).

First,sodal-ecological resiliencé I £ 42 OF f f SR WS@2f dziA2yl NE NBaA

other two definitions of resilience in the recognition that multiple stable states exist in which an
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SES can maintain its core functions (Folke, 2006). Here, the resihieac®/stem is related to

AGa FoAftAGe G2 aloaz2Nb RAAaGAINDIF YOS yR NB2NHI
SaaSydAartte GKS alYS FdzyOiA2yz &adNHzOGdzNBE>X ARS
GRSAONAOGS G(KS BRAIMSYOERONBR DAYIR {2 OKIFy3IAy3d RE
p. 425). Secondly, from the perspective of SES, resilience might not always be perceived as a
positive trait of a system if that current state is highly undesirable. For this reason, SES recog-

nises that disturbance to the system also has an opportunity to change the status quo. This

might, however, not happen if the system is highly resilient (Folke et al., Zolk&, 2006). In

such situations, the system must also have the ability to adaptramdform itself.For this rea-

son, the resilience of soci&l 02t 2 IA Ot adaeadasSvya o{9{0 A& RSTAYS
shock that the system can absorb and remain within a given state, (b) the degree to which the
system is capable of sadfganiation, and (c) the degree to which the system can build capacity
F2N) E SENYAY3I YR | RI LIFdké, RODg, §. 250)CTAUS, YeSilie®d, adaft-® > H J
ability and transformability are the three attributes of SES resilience (Folke et H;, RG@lker

et al., 2004).

Adaptability6 2 NJ WI R LJGA @S OF LI OAGE& Q0 Aa GKS aOlF Lk
NBaAfASYyOSe 62 t1SNISG fdXT HnanI LI o0 2N (K
et al., 2019, p. 425). The actions, ahinfluence the development of SES, are mainly a conse-
quence of collective humans actions (i.e., individuals or groups managing the system) which de-
termine the overall adaptability of the system and therefore resilience (Folke, 2006; Folke et al.,

2010; Walker et al., 2004). Adaptability is therefore the ability of a whole system and its ele-
YSyia G2 afSINYyz O02Y0AyS SELISNASYOS | yR (y2s6f
processes within the system despite the evolving external drivers aecthiltactivities (Folke

et al., 2010, p. 3). Another attribute fiansformabilityz ¢ KA OK A& G KS & OF LI OA
damentally new system when ecological, economic, or social structures make the existing sys-
GSY dzy Syl 6t S¢ 62 Aransf@mNdbilityiof systemsis importamt iB situdtionsy 0 ®
GKSNBE Al YAIKG 0S5 dzy RS 3 M2IQ0 tRIZSH 21 2Y FyASYAd HIMyD Sii K
LINBaSyid SO2y2YAO FyR a20AFt &dNUzOG dzNBjadd2 0 @Sy
might intensifythe current problems or result in irreversible changes in the system. For example,

as planetary boundaries are interlinked exceeding a few could have an effect on the others and
NBadzZ G Ay O2yaSljdzsSyoSa GKIF G | NBS09yRedce Bdzsile &8 | OO
Syl aeadasSy GKIFId NBO23yrasSa ONRaASaE A F GoAyR2;
et al., 2010, p. 7) must also possess the transformative capacity to change the current landscape

(i.e., status quo) into a new, stable offeolke, 2006, p. 262; Folke et al., 2010; Walker et al.,
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HAannY LI c0d ¢KS {9{ RSTFAYyAlUAZY 2F NBaAftASyOS:z i
aAaGSyOSs FTRFELIWGFoAfTAGE FTYR GONXyaF2NNIoAfAGE | ONZ
al., 2.9, p. 425).

To further illustrate the difference between the three definitions of resilience, many authors

I ONRP&aa GKS fAGSNI GdzNB dzad S IniPictBre W)othefsibpesioffthel KS o6 | a Ay
landscape represent the stability of the system where a sygtet is resilient will return to the

basin as quickly as possible after the disruption takes place (engineering resilience) (Gunderson,
2000).PFicture 1B) depicts a landscape with multiple basins (i.e., stability domains) where the

resilience of the sysm is depicted through the width of the landscape (ecological resilience)

(Gunderson, 2000). In the case of the second picfBieture 1B), the system can move from

one basin into another while still main P 4 \
taining its function. The third optio(Pic-

ture 1IC)A & GKS oAt Adeéc) iy

main in a stability domain, as the shape " \

0KS R2YIFAYy OKIy3S3 \
LJ nHTOU® ¢CKAA WIRIE 1A) |
tem implies that the system is constantl \_Q_./]

changing and its resilience is derived froi

Qax
('D/
Q)¢
=

its abilty to adapt to these changes aniy .,cq- ai( I THE BASIN REPRESENTATION OF DIFFEF
still remain in the equilibrium (GunderOF RESILIEN(IPURCEGUNDERSQRZ000,P. 427).

son, 2000).

Important to mention is also a difference between resilience and vulnerability, which are
two opposing terms describing how a system reacts to a disruption. While resiljgepares
the system withthe capacity to react to the disruption while maintaining its function, vulnera-
bility makes it susceptible to impacts leading to devastating consequeRoége(et al., 2002
Put differently, while increasing vulnerability rezks resilience and can therefore have devas-
tating effects, resilieneprovides an opportunity for development and innovatidfolke et al.,

2002, p. 13;Folke, 200
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2.4 Recent literature on the impacts of CO\I® on transport in urban
areas

Thefollowing chapter provides a review of most recent literature on the effects the GC
19 pandemic had on transport in urban areas with a specific focus on bicycling. This se
important because it provides an overall context of this master thesis sets it within a
specific timeframe. It also helped defitige research question and structure of the thesis
addition toprovidingthe insightson how other urban areas around the world reacted to {
disruption (i.e., COVHDO pandemic) an@vhat role bicycling had during those timéseeFig-
ure 2: Conceptual Framewojk

The severe impacts of the COMI® pandemic were not spared to any areas around the
world. Transport has been one of the sectors hit the hardest by the pandékiotéalitis &
Cats, 2020Ellen MacArthur Foundation, 2020; European Commission, J0R6bal authorities
reacted to the crisis by restricting and reducing thebility of citizens for which reason the
mobility patterns completely changed and signifidgrdecreased during the pandemiater-
national Transport Forum, 202BOLIS & Rupprecht Consult, 2D2cross European cities, the
ridership has decreased by 80% since January 2Z82@ffmova, 2020and in some countries,
public transport services havieeen suspended completelynfernational Transport Forum,
2020. However, even in times of disruption people have to move to fulfil their basic needs such
as shopping for groceries, getting to work or accessing medical services. As the services of public
transport reduced drastically or people preferred to travel by car for the fear of catching the
virus, the current disruption could waive the efforts of urban areas to become more sustainable
(e.g., by increasing ridership rates on public transport and eceduthe inflow of cars). On the
contrary, citizens in some urban areas decided to change their travel habits due to the pandemic
and opt for active modes of transport such as cycling or wall8egafimova, 2020 The follow-
ing section, therefore, providean overview of the impact that the COMI® pandemic had on

transport in urban areas. Specific focus has been paid to how pandemics affected bicycling.

Governments provided restrictions on the mobility of citizens in the hope to halt the
spread of the vius, many companies enabled people to work from home and many individuals
were afraid of catching the virus in public so they changed their mobility patterns or turned to
use private vehicles or bicycles to avoid crowded sp&@t.[S & Rupprecht Cons@d21). That
significantly impacted the transport sector and resulted in a decrease in ridership on public

transport by 70; 90% in urban areas around the workellen MacArthur Foundation, 20pand
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by 50¢ 90% at the peak of virus infectionSKiotsalitis& Cats, 202 Due to the impact of the

LI YyRSYAOS (KS 2LISNI G2NB 2F Lidzof A0 GNI}yaLR2NI KI R
fection of vehicles and surfaces, temperature checks for staff (and for passengers in some
places), improving the ventilatioof facilities and vehicles, closure of waiting rooms at stations,
LIK@aAOIf RAAGIYOAY3I YR WOKS&aa o021 NRQ aSFHG YINJA
GFAYyAy3a Ke3IASySs &cGkokdlis & Gatsy2020.\8F POLSKRRappchti A 2 y € 6
Consult, 2021p. 17) which resulted in higher operational costs. As the overall demand for public
transport decreased, they were forced to halt or reduce the frequency of their services to cut
increased operational cost&kiotsalitis & Cats, 20200n the contrary, active forms of mobility

such as walking and cycling have been adopted broadly. Those radical shifts in mobility patterns

have resulted in a 17% reduction in global carbon emissions, cleaner air and people being more
physically activeHllen MacArthur Foundation, 20RHowever, although a positive change to-

ward higher rates of bicycling was observed there was also a negative shift in people shifting

from public transport to driving in private vehiclddginrich. | -$tiftung, 2021 Paseet al.,

2020. For example, in Budapest, 45% of trips are made by public transport which makes it one

of the European cities with the highest rate of public transport usage and lowest motorization

rates Bucsky, 2020 However, the pandemic has resulteda 57% decrease in urban mobility,

80% reduction in trips made by public transport and consequently higher rates of car usage
(Bucsky, 2020Another research showed that physical distancing practised during a pandemic

will probably affect the mobility ggerns permanently as people got used to working remotely

and due to home delivery giving a boost to online retdillen MacArthur Foundation, 2020

Between 40c 60% of survey respondents in major cities around the USA, China, and Western

Europe mentiond, that they will use public transport less frequently in the p6QVIBL9 world

and rather opt for walking, cycling or driving on their own vehidBest(et al., 202 Further-

more, 80% of uppeincome, 60% of middigncome and44% of lowesincome survged individ-

uals in Chindare more likely to purchase a car after the pandengier( et al., 202 On the

contrary, some claim that this pandemic will not have a lasting effect as disruptions such as the

7/11 or SARS outbreak in the early 2000s, haveanttally resulted in different travel patterns

but rather increased innovation, security and cleaning standa@isofsalitis & Cats, 202(.

2t is important to note that that could also be the result of lower ownership of cars compared to the EU

FYR {12 Odzf GdzNI f RAFFSNBYyOSa HKSNE I OSSR 8 & PSS HAE KN K
322RQ03 YR RdzS G2 aGNAOGSNI LI YyRSYAO YSIadaNBa 02 YLl NE
transport was restricted in China only those with cars were able to move aroBed)ét al., 202
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385). Regardless of the scenario, urban areas have to prepare for future uncertainties and dis-
ruptions and decrase their environmental impact. The question of how urban transport should
develop postCOVIBLY remains present. Thus, the following section addresses how the pan-

demic affected bicycling and what role it played during times of uncertainty.
Impacts ofthe COVIBEL9 pandemic on bicycling

¢tKS afz2aa 2F O2yFARSYOS Ay Lzt A0 GNI yaadids
an urgent need to reduce traffic injuries in order to lessen burdens on the hospital, and dramatic
NB RdzO{ A 2 y Lombsk P&rddf2@PApy B Bavedontributed to the shift in mobility pat-
terns in cities. Therefore, cycling as an affordable, environmentally friendly, efficient, and
healthy mode of transport has proven to be a good alternative to public transport and cars in
urban areas during times of uncertaint€aggiani & Camporeale, 202einrich. | -$tiftung,
HAHMT Ydzo |l Ut { S Teixkirkeat aly203LAthoudh the dverall mabilityrates
decreased everywhere, cycling has experienced the lowest drddership, increase the aver-
age trip duration and recovered faster compared to other mo@mibs & Pardo, 2021; Teixeira
et al., 202). According to EcoCounter, the overall bike counthénEUincreased by 8% during
weekdays and by 23% on the weekeml2020compared to 2019C¢hapalain, 2021 The grow-
ing popularity of cycling has also been observed in the growing sales of bicycles. According to
three European cycling associations (European Cyclists Federation, Cycling Industries Europe
and Confederabn of the European Bicycle Industry), the sales of bicycles are expected to in-
crease by 45% per year compared to 2019 and the sales of electric bicycles are expected to

increase to 10 million per year by 20Z2IE, 202D

Governments played an importardle in the promotion of cycling during the pandemic
as 956% of all responses took place at the city level and were driven by local government initi-
atives according to the research which looked at how more than 500 cities, states and countries
around the world reacted to the pandemiCdmbs & Pardo, 2021Although the transport sec-
tor is very intolerant to changes (i.e., especially pedestrian and cycling projectsiaiytime-
consuming), the governments had to react quickly, implement jgtsjand provide new solu-
tions POLIS & Rupprecht Consult, 2020 ¢ KS& KIFIR G2 OKIy3IS GKS WLI ¢
creating safe spaces for modes that enabled physical distancing such as walking and cycling
(Combs & Pardo, 2025nd the implementatio of temporary or permanent cycling measures
(Heinrich. | -$tiftung, 2021POLIS & Rupprecht Consult, 2D2¥ost of those responses were
implemented in less than five month€¢mbs & Pardo, 202 Which displayed adaptive capacity

which is one of the redions of complexadaptive systems in times of disruption.
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As mentioned, the pandemic had a positive effect on the implementation of new
transport infrastructure Keinrich. | -$tiftung, 2021; OECD, 20EDLIS & Rupprecht Consult,
2021). Theresearchby Combs & Pardo (202has found that the most frequent response in
cieswasWii 2 OdzND® &aLJ} OS NBIFIftf20IiA2yQ 6KAOK Aada RSTAY!
GNF FFAO 2NJ LI NJ Ay 3 {CorybS & Paf@ 202p. 7).]Ghey thped-ofr& O& Of Ay 3¢
sponses were "fulbtreet or partiaistreet closures for active mobility or commerce; legal, policy,
enforcement or funding changes; automation of walk sighals and reallocation eftrest
space such as sidewalks, parks anestrffet paking to walking, cycling or outdoor commerce
(e.g., gastronomy)" (Combs & Pardo, 2021, p. 7). Furthermore, the research found that almost
KFEtfF 2F GKS NBIFIOGA2yasz Ay GSNxa 2F GKS FdzyOuAazy
pedestriansandcyclisda @ h G KSNJ OKI y3aSa Ay@2t @S Wglt 1 araaylf
signal timing adjustments, creation of new-sffeet recreational space, and changes to laws to
SELI YR LINRGSOGAZ2YE 2F NAIKGE (G2 LIBRSAENI YR OF WBR ¢
through subsidization of shared cycling infrastructure, bicycle ownership and expansion of bicy-
cle parking facilitiesGombs & Pardo, 2021Redistribution of street space (e.g., closing streets
to motorized vehicles) and provisional bikdrastructure (e.g., pojup bike lanes)Rert et al.,
2020;International Transport Forum, 202Rraus & Koch, 2021; POLIS & Rupprecht Consult,
20217) took place in multiple countries. In the cities across the EBO0&m of cyclingnfrastruc-
ture has been announce&(aus & Koch, 202.and more than 150 cities around the world al-
ready implemented emergency cycling and walking infrastructure in April 26&€r(ational
Transport Forum, 2090Analysis b¥Kraus & Koch (202Dbf the daly bicycle counts from 736
bicycle counters in 106 European cities combined with data on announced and completed pop
up bike lane road work projects has found that within four months on averagekii &f pro-
visional popup bike lanes have been built. $hincreased cycling rates between ¢ #8% on
average Kraus & Koch, 2021Furthermore, the research has found that this new infrastructure
could generate between $1 and $7 billion in health benefits per year if citizens stick to their
cycling habits acqred during the pandemidaus & Koch, 2021In the promotion of cycling,
delivering safe and enjoyable cycling conditions through improved cycling infrastru€ilie (
20200 AY FRRAGAZ2Y (2 2FFSNAY3A RATTFSNBigidrichh y OSy i A @S
| -$tiftung, 202) were very important.

Another study byBuehler & Pucher (2021) looked at the impact pandemic had on travel
behaviour around the world and compared multiple cities in the EU, Americas and Australia, and
discovered a considerabincrease in cycling rates from 2019 to 2020. On the contrary to some

studies, the authors claim the higher rates of cycling will persist in the world@@gtD19 due

26



THE ROLE OF BICYCLING FOR THE RESILIENCE AND SUSTAINABILITY OF TRANSPORT IN URBANCARY NALISIVTBREDST

I oA X 4 A x

towl 0 SELIYyarzy FyR AYLNROASYSyYyld 2F LINRGSOGSR
cycling conditions for citizens, (b) higher accessibility of bicycles due to considerable growth in
bicycle sales, (c) change in habits and familiarity with cyclingzh@hged the perspective of

people on public transport, and (e) increase in the number of daily trips that were avoided during

the pandemic (Buehler & Pucher, 2021, p. 398). Local governments have an especially important

role in preserving this trend bynsuringthat the onroad cycling lanes are protected, increasing

the number of caifree streets, and shared streets or reducing the speed limits in some areas
(Buehler & Pucher, 2021According to another survey of 5,000 residents of major cities in the

USA, China, and Western Europe, the use of privately owned bikesstubters increased in

ff ad2NPSe@SR NBE3IA2ya Fa o0AOBOtAy3d LINRPDARSR a4l
venient alternative and the opportunity to be outdoors wherethe @k Ay FSOGA2Y A &
(Bert et al., 2020p. 2). As a result of the increased popularity of cycling during the pandemic,

many cities are starting to promotgycling as their preferred mobility option in the peSOVID

19 world, investing in active mol infrastructure, and improving its safety and accessibility

(OECD, 2030

The results of the study inthe UKi étal., 2026 aK2gSR 'y AYyONBI aiay3
/] @80fS I ANBQ dzall3S NI GSas I FGSNI GKS AyAdGAlf RN
likely to use public transport for important daily trips such as grocery shopping, exercising, or
commuting to work toavoid being infected. The study hy et al. (202 also found that the
possibility of cycling was especially important for the deprived residents as they are less able to
afford other transport alternatives (e.g., private vehicles, Uber) after the upaldfc transport
was constrained. Hence, cycling should also be considered an inclusive mode of transport con-
tributing to the resilience of deprived areas and contributing to social equalitifough bicy-
cling does not make up for a substantial shar&ips made within the city of Budapest, it expe-
rienced the lowest reduction in usage hence proving to be the most resilient mode of transport
during the pandemic. Cycling experienced a reduction of 23% in trips anghmkieg by a 2%
decreaseBucsky, 200). A study by &gantinoetal. (2021A y LGl f& O2YLI NBR (KS
iour pre- and postCOVIBEL9 lockdown and found that people are changing their-paademic
habits and switching to a more sustainable and healthier lifestyle. Furthermore, the Istsdy
found that increasing the accessibility of sha®atling infrastructure would contribute to the
inclusion of the most vulnerable in the poorer areas of It8lgrgantino et al., 2021 In Italy,
the local government of the city of Milan announcedr@ao retrofit 22 miles of streets for
pedestrians and cyclists following the summer after the pande®iedD, 2030Another study
by International Transport Forum (2080 YSy GA2ya GKIFI G GKS OAGe 27
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AU0NBSGaQs Ay ONBduke iRl sidesvalk widgriihg, ngfcadet! thél number of
30km/h zones, and introduced pedestrian zones which contributes to the goal of reducing car
traffic and provision of sustainable alternatives in the city. In France, the mayor of Paris has
announced that 50 kilometres, that were previously used by cars, will be repurposed and re-

served for bicycles in addition to 30 pedestriamgy streets closed for trafficQECD, 2020

Another research explored the motivations for using the shargcling infrastruture
during the pandemic and found that the motivations have slightly changed during the pandemic
compared to previous motivations. According to a survey dixeira et al. (2091conducted
among the citizens, this was the case in the city of Lisbon. 8gf@ople decided to use the
system due to the service coverage and quality such as the distribution of stations, and due to
personal interests and welleing such as perceived positive perception of the environmental
and health benefits. However, durinige pandemic, the wish to avoid public transport and main-
tain a social distance was a new motivator for personal interests anebelty. The users who
newly joined the scheme during the pandemic emphasised the importance of social influence
such as seeingthers using the system or the influence within their own social circle for joining
the trend (Teixeira et al., 2021 Similarly, a survey among the citizens of Thessaloniki, Greece
SELX 2NBR GKS AYLI Ol GKS LI yRSYdstaridglsyRtens¢ndii K S i NI
whether the pandemic would have a lofasting effect on the increase of cycling in the ¢ty
kiforiadis et al., 2020 Although the results showed that the COMMDpandemic will not signif-
icantly affect the number of people usibike-sharing for their trips, more people consider bike
sharing as an attractive mobility option. Many respondents also stated that private cars are safer
in terms of hygiene and the possibility of disease transmis$ighif¢riadis et al., 20201t is aso
interesting that many respondents expressed their doubt about whether the current cycling in-
frastructure in the city is efficient for avoiding overcrowding, preserving a safe distance from
other travellers and whether the operators are disinfecting thikes regularly enough to pre-
vent the transmission of diseasHikiforiadis et al., 2020 However, the study on the impacts
of a pandemic on the shared mobility service in Slovakia has found that in 2020 the number of
bike rentals decreased by £45% duedo lockdown measures, except for December 2020 when
they recorded an increase of 3% ¥ dzo I Ut { B Similarly © the cage ef Thessaloniki
(Nikiforiadis et al., 2020 the reason related to lower usage rates was also fear of catching
COVIBL19 byusing a bike that was previously used by an infected person. Despite those chal-
lenges, the study found that the average rental time increased from 8.97 min in 2019 to 9.96

minin2020Y dzo I Ut {1 PG I f ®X HAHM
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Impacts of the pandemic on cycling areas outside of the EU

Cycling has also played an important role in larger urban areas in the USA. For example, a
study byTeixeira & Lopes (2020 mobility patterns in New York showed that sha®aling
infrastructure was more resilient to the effectd the pandemic compared to the subway. Cy-
cling has experienced a 71% ridership drop compared to the 90% ridership drop on the subway.
Furthermore, the time spent cycling during the pandemic increased from 18tesno 19
minutes per trip (Teixeira & Loes, 2020. Another study byase et al. (2090ecognised bike
sharing as an important mobility alternative for citizens of New York by analysing mobility pat-
terns during the pandemic and the effects of see@mnomic factors. Furthermore, local bike
sharing ensured the mobility of 18,000 essential workers who received a free subscription to the
services. That contributed to increased traffic around hospitals and health care cdPai®ss ¢t
al., 2020. The results of another empirical study By et al. (B21) have shown that one of the
largest bikesharing systems in Chicagthe Divvy bikesharing system was the most robust
and resilient mobility option during the time of disruptiepandemic in thecity of Chicago. It
has shown the highest recovergeed and magnitude of recovery in comparison to other mo-
bility options such as driving, walking, and public transport while public transport was affected
the most and started to recovesery late(Hu et al., 2021). Also according to the perspective of
aduls living in the USA, a study conducted in June 2020 has shown that the cycling rates did not
decline during the pandemic and are expected to significantly increase in the future in the USA
(Ehsani et al., 2031Hence, sharedycling infrastructure cangificantly contribute to the re-
silience of urban systems in times of disruption. Although one of the researdbles& Griffin
(202)) found that usage rates of the sharegcling schemes in San Antonio did decrease during
the pandemic, the research haksa found that was due to poor communication with potential
users. Many respondents of the survey claimed to be unaware of the efforts made by the oper-
ator in controlling the spread of the disease. Hence, cycling operators should improve their com-
municatian efforts on policies and actiondabe & Griffin, 2021 China has been affected by the
pandemic first, yet the rates of active mobility have increased after the lockdown and contrib-
uted to a 150% increase in bikbharing ratesBert et al., 2020Ellen MacArthur Foundation,
2020. In the study bysaatchian et al. (2021h)e results from a questionnaire in which 310 male
subscribers of the shared cycling infrastructure in Mashhad in Iran were examined. The results
show that the health and environmental aaivtages of using shared cycling infrastructure were
the most favourable during the pandemic. In addition, the financial advantage such as saving
time and money was also an important factor contributing to the decision to cycle more
(Saatchian et al., 2021
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Lessons learned from the pandemic

Hu et al. (202Lrecommend that the policymakers integrate alternative transport modes
such as bicycling within an urban transport system as they are more robust and feasible for the
maintenance of socialistancing. Especially during times of disruptions such as pandemics, the
fear of overcrowding is joined with the fear of social distancing hence cycling can offer an alter-
native to meet the needs of citizens in addition to offering the possibility fodoot exercise
to keep them fit, healthy and protect themselves from the virds €t al., 202l To preserve
higher cycling rates and further increase the popularity of cycling, operators of shackdg
infrastructure (SCI), municipalities or urban plars should efficiently promote the health ben-
efits of cycling, such as physical activity, mental health, reduced transmission of the disease, and
its positive environmental impact (Ehsani et al., 2021). Urban areas should adopt more support-
ing policies ad implement infrastructures, such as separated cycling lanes and designated path-
ways for bicycling (Ehsani et al., 2021). The importance of SCI is supported by another study by
Bergantino et al. (2021) which collected data among people living in Italyywobll use the
SCI if it was available in their city, through an online survey and identified six factors influencing
0 KS dza Sfaciitating{canditdngr@spectful of the environment, avoiding traffic conges-
tion, cyclists, safety awareness, relegsitexibility, promoting physical activity)sychological
barriers(boring, tiring, uncomfortablekafetyconditions(dangerous, unsafelack of infrastruc-
ture (no bike path, notffunctional bike path, bumpy roadipo demanding servicgoo expen-
sive, bo much information needed), amkrsonal impedimenfe.g., cannot ride a bike, physical
LINPOf SYa s Bigdadho dtal. k2820 £6). Burthermore\ikiforiadis et al. (2020rec-
ommend that the operators of SCI should ensure manual disinfectibityéles or install Ultra-
violet disinfection modules that would be set in stations or public spaces and that bicycle pro-
ducers should use materials on which the virus survives for a shorter time. Such measures should
also be effectively communicated byetlperators of SCI, for the people to be assured that using

bicycles is safe.
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3 LUTERATURE REVIEWARTII

3.1 Transport as complex system

For sustainability and resilieaof transport systerain urban areas post COVID, it is
important to understand the complexity and dynamics within the systems. Transport is a system
that is embedded within a larger system (i.an urban area) as well as consists of different
subsystems. In the face of tlisbance, that interconnectedness between different systems and
subsystems can compensate for the loss of capacity within one system and to some extent re-
duce the vulnerability of the entire systerMéttsson & Jenelius, 20)5Because of this self
organishg and adaptive capacity of the transport systéifang(2015 even compares it to the

functioning ofthe ecological system.

First,the transport system is embedded within the urban area which consists of multiple
interconnected elements. According Bueno et al. (2021) and Meerow et al. (2D1#his was
best depicted by Dicken (2011) who depicted urban areas as a system comprisipgmfe(a-
ance networksvith different actors and institutions (e.g., NGOs, businesses, governments), (b)
networked material and energy floleing produced and consumed within the urban system,
(c) urban infrastructure and form shaping theilt environmente.g., transportation infrastruc-
ture, buildings, roads), (djatural environment{i.e., natural or ecological infrastructure repre-
senting a simplified biological and ecological processes within urban areas) and lastigide)
economic dynamioshich shapehe livelihoods and capacities of citizens in an urban area (e.g.,
monetary capital, demographics, justice and equidgljadeRamos &Guibrunet, 201Y (see
Figureb). It should be notedhat humans are the elements within the urban and transsys-
tem that operate and use it (e.g., use their time and energy to engage in mobility practices),
hence initiating the adaptation or salorganisation of the status quo of mobility in an urban
area(Wang, 201% Secondthe transport system consists of three imasubsystems: (a) infra-
structure, (b) energy and (c) vehiclegjichdetermine its metabolism and impacts on the envi-
ronment Joumard & Gudmundsson, 2016or each of the system¥jumard & Gudmundsson
(2010 p. 69) identiy five types of activities (production, existence, use, maintenance and de-
struction) which add up to 13 subsystexutivities (i.e, activities that determine the overall en-

vironmental impact) (se€igure6).
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FHGURB: A SIMPLIFIE MODEL OF URBAN SYSTEM ADAPTED AFTEROEKESODURCEMEEROW ET AR016).

Table 9. Typology of the main transport subsystems

Final electricity

Building (1) production (5)

Production (9)
Electricity

distribution (6)
Energy ——— Vehicle
Fuel production

()

Fuel distribution

(8

Traffic = infrastructure - final energy - vehicle use (13)

Existence (2) Existence (10)
Infra-
structure

Maintenance (3) Maintenance (11)

Destruction (4) Destruction (12)

FHGURE: MAIN TRANSPORT SUBSYS{EM&RCEIOUMARDE: GUDMUNDSSQIR010,P. 69).

As mentioned byp dzRY dzy R& a 2 y ) differenBs8dirs éum kighly integrated
with eachother, with multiple feedback loops at work and interconnections that influence their
development. Forexampl® dzR Y dzy Ra & A1¢9%6s Y $yedBMN2y SR | WFSSRol O f
patterns linked tothe spleR 2 F O N& | yR -DazreSg @zS gz8lb & y Wa HINBzO R dzl
reduced the accessibility of different places via other modes of transport, namely public
transport or active modes of mobility. This has also been discuss€amagni et al2002 p.
2010 K2 GSNINSR G(KA& LISy 2d0¥nSity deyelopnient, dzithding to & LINF & f Y
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iKS SEGNBYS SR3IS 2F (GKS YSUGUNRLREAGEY NBIAZY |-
gated in specialised moroinctional land uses, and largely dependenton bé NX & Ly 2 (K
words, as cars became more (financially) accessible and were considered a symbol of wealth i.e.,
WNR Gdz- £ 3I22RQX (GKS ydzYoSNJ 2F OFNBR 2y (GKS NERLIF
infrastructure (e.g., highways, roads, parking sp@osterhuis, 2016 Consequently, urban ar-

eas became more congested which is one of the reasons why people started to migrate to the
outskirts of the city in pursuit of higherwalSAy3d Ly | RRAGAZ2YS GKS daA
brought resulted in peple undertaking jobs further from home thus increasing the time spent
travelling. The purpose of this example is to demonstrate the complexity of our social system

and connections among the elements, whidhdzR Y dzy’ R & & 2(3996zrecdghise Sshhe of

the difficulties in scaling sustainable development. On a shorter time scale, thergaliising

and adaptive capacities of transport and SES have been observed throughout thelO@¥id

demic. As public transpovias bannedlue to measures preventing theainsmission of disease,

people shifted to active modes such as walking and cycling. Many local authorities also intro-
RdzOS RAzZWLR Dt Ay 3 f IthfiBdieBsediuge oifyOlB@NI &R8pprecht Con-

sult, 2021 p. 43).

3.2 Institutions, culture anddevelopment of transport and urban areas

As outlined inChapter3.1the complexity of SES and its interrelations originates from
its wide range of elements (e.qg., citizens, social groups, fiewki governments, military, com-
panies, and corporations) which in turn requires institutions for coordination and social integra-
tion (Spash,2017® Ly adAddziAz2ya o0& AYLRAAYI a02y@SydaAz
S (i pashd20LVatn, 201Z LJP nnO0 AYFf dzSyOS KdzYly LINBEFSNBY
atGlroAtAdGe YR YSIyAy3a SaaSyiA(an, 2017 p. &a)IYidyy SEA &
influence and guide the development of society and its culture. Culture, on the contrary, is a
crucial component of all SES processes and relations as it shapes how we think about sustaina-
bility and exchangeHornborg, 2009 However,it € 82 &aKI LJIS&4 (GKS aKlFoAGax
'y R aLJ GAFE GFSNININAIYSYWSS yaiiansp. &dio) (Sedieinforéing feedbaakH 1

loop), and changes over time.

Furthermore, as people have the internal need to understand the worldhicwthey
live and to make sense of their environment, society is organised in a hierarchical structure that
shapes different classes and consumption pattem®@.J] S I Thisdneraps that individuals
KFIgS G2 GF1S LINI Ay REFYSMBEEG A MK G dadialdda b K | O 2
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GKAOK YFGSNALFE 3F22R&a LXFe Fy AYLRNIFYyd NRES Fa
ple understand the worldn(2 & (0 SNK dzA & =  H)JFereXampleDi dheSvientietmbrp d

tury cycling habeen the main transport mode in most countries. Through the increase of wealth

and productivity, the previous standard of living has been transformed into one of high materials
tensity (v DAJ] S =0 M dpITY Y St aGNRSG SG |t oZicipateinmewd t S2 LI S
rituals and acquire goods, such as cars, to be able to discriminate (differentiate) among different

classesFor example, after 1900 the working class joined the cycling trend which contributed to

I WRSOtAYS Ay (K ostezhGsd, 2016p. 24D): IG @eémary Bind Braadfthey 3 Q
aristocracy and bourgeoisie switched from bicycling to using motorcycles and cars to differenti-

ate themselves from the masses of working people cyc@us{erhuis, 2016 Concurrently the

acceleratyy 2F AYRdAzZAGNALFf OFLAGIEAAY Ffa2 3L FS || NRAS
FASR LINPOS&aad 2F AYRAQDGARdzZ A&l GA2YQ 6KAOK NBadz (¢
quently for housing and related equipment, which changed consumption pattewBA(J] S

1999. The process of becoming independent from one's closest social ties, such as family or

community, contributed to new forms of sallentification. An individual was suddenly respon-

aA0fS F2NJ aO02yaidNUzOG A AR SlyyeRproddzaniwhidhycdnspiEuous K S A NJ 2 &
O2yadzYLIiAz2y YR WNAGdzZ f | R2dzyOGaQ LXIF& |y AYLRNJ
people (v DZ.J| S Ip. Al@Qpsberhuis, 2016 Another phenomenon shaping the culture was

the pursuit of timesaving. In hopefaeducing the workload, reducing busyness and saving their

GAYSZ LIS2L) S ail Al SR yE2 SipPHAR XS KokieRapidie, cad @vdzNJ

ership promised a reduction of travel time and more flexibility yet resulted in people accepting

jobs further from home, buying in shops that are not located in the vicinity of the home, or

engaging in new or more leisure activiti®amagni et al., 2000 dzZRY dzy Raa2y 3 |1 2SNE
wDZJ| SE dmbdda Aa a2 SFPhEdB Haind AskaPheddmEnondrdzy R

GKAOK Iy AGaAYONBI &S Ay NBaz2dz2NOS 2NJ SySNHe SFTFAOAS
ments) does not actually result in a corresponding decrease in energy or resource use because

the cost per unit falls, which in turn, indred Sa G KS RSYIFYR F2NJ 0KS LINZR
(Binswanger, 20Q1p. 120). In turn, the need for car ownership influenced the economic and

political planning decisions which made owning a car compulsory for people to have access to

31 (eLMOIt SHI2YNIRS SHFHFSHKD WNB (iKFiG 2F AyONBlFasSR OF NJ dz
technologically advanced vehicles which made driowey a 100km distance substantially cheaper. Due

to this technological innovation people will not drive less (i.e., consiawer resources) but drive more

often and for longer distances.
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crucial services DA.J| S ¥ In mddlitiodto the sensitivity of the public to the social class and
status,Oosterhuis (2016p. 241) is also of opinion that rather than a higher number of vehicles

on the road it was the actions of institutions and governments (e.g.,i¢rafflicies in urban
RSOSt2LIYSYyidv FyR GKSANI LISNODSLIiA2y AFNKREOGO2GKI &
AKAFTGSR (KS Llzof A0 LISNODSLIiAZ2Yy 2y o0A0eO0fAydo L
GKSNB O02YLI yASa aySSR rpiud ganl 20AYE. d85, institkit®ns §a0e2 v 2 YA O
02 Gadzll2 NI OSNIIFAYy @I fdzSa | yWnlIMERDSont y R LIN
sequently, that influences the development of countries and constrains the advancement of

policies that could threate those interests.

Described phenomena explain how society is gaining shape throughesdtrcing
feedback loops. New consumption practices were formed by the framework, but on the other
hand, also changed the framework over time through new patteRBsi(J] S ). Melitp gnd
transport, are part of the culture around which the society builts their urban environment
(Oosterhuis, 20168 S . N1 YYSf AGNRBSG SO Ff DI HAHNOD CKAA
which were built for normotorized transporation, with beautiful city centres where people
A GKSNI Ay adNBSG OFFSa FyR OdzZ GdzNI € S@Syda al
cities where infrastructure is tailored to the needs and wants of car drivers (e.g., large streets,
parkingldi 8> ' yR 2dziaiNBGOKSR FYSYyAGASaE0yD o6GS . NI YY:
cultures value different lifestyles and create their built environment around them. The previous
Chapterflo M0 RSAONAROSR GKS LIKSY 2 YrBah bpraglffwhebRokor F dza SR
ple move to the outskirts of the city for different soegonomic reasons (e.g., the pursuit of
higher quality of life, rising improvement costs of housing in city or degradation of public spaces
in urban areas)@amagni et al., 2002 osterhuis, 2016 Consequently, the people spent more
GAYS GNI @SttAy3a 20SNI fFNBSNJ RAadGlyOSa I yR K
SEFYLXS 2F K246 WOdz GNBMIYVIT 2INBOR VI & (8BS O INT Sy YE$ 47

how cyclhg in the Netherlands produced more cycling.

N
w

The Netherlands, in addition to Denmark, is one of the best examples of how institutions
and culture shape mobility and transport, atite spatial development of urban areas. In both
O2dzy i NASaz woeoOfArad aaz20AlitA2yaqQ t200ASR F2N
LI NI 2F GKS AYLERNIFYyG yFEOGA2y It Wi dzl -CortidlA Sa | yF
modesty and sthility (Oosterhuis, 2016p. 243). Associations in both countries remained en-
gaged in the planning of urban are#ss construction of cycling paths and, through their power,

managed to influence the government and institutions to account for the needscgtlists
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(Oosterhuis, 2016 Consequently, cyclists today are prioritized and protected in trédosier-
huis, 20186.

Institutions are organised around specific habits and patterns which makes it increas-

ingly costly and difficult to chang®osterhuis2016;4 S . N1 YY St & (i NBsSnitheS G | £ o

case of Dutch cities where changing the mobility strategy today would require extensive invest-
ments, destructing the acquired expertise and investing in a new one. For example, in the Neth-
erlands, all socidife is adapted to cycling which can be observed in the cities and how they are
organisedSmaller shopping centres adispersedaround the urban area, shodistance modes

of transportation are underdeveloped, taxi services are costly, and nightlifgasised around

bikeable distancesi(S . NJ YY St & (i NPEven wisi discussing distamcessamong

LX I OSas GKS 5dziOK NBETFTSNI 2 WOSOL Ny YY8X yideiNg 50
2020. Schools also made space for parlbi@ycles bunot for cars, which partially contributes

to many children and parents travelling to school by bike. In addition, there are many bicycle

lanes, parking spots and bicycles available in the cifieS ( . NI YY St a i NBddse- SiG | £ X

qguently, all membersfosociety (i.e., businesses, schools, universities, nightclubs) would have to

adapt to this change.

Dutch and Danish societies are also very different in how needs are accountektfor.
cording to the research on happiness D4.J] S 3, peoptedhdveabsolute needs, which are
independent of the situation of others, and relative needs, which are the needs that contribute

to the feeling of superiority compared to others but are, however, very unstabB4.J] SE M dbdd

¢CKS fFOGGSNI NBTt Q0 aO0AyIvaganasSy$aao288) G6KS 20KS
Danish see as something negati@ogterhuis, 20161 S . N1 YYSt aiNRSG S I f o
tocarR2YAYl (SR OdA GdzNBaAs O8Ot Ay3 AWDLKS Jto SibkSHNI | y F

showcas?2 y SQa &l (dza s JogtetnBig B0Rel S 2NJ XRSYyad MBS0 S

is perceived as "simplistic, practical, modest, leveded and diligent"@osterhuis, 2016p.

243). Even people of high social status and wealthy enough to affoidK S NE & f dzE dzNJA 2 dza ¢

2F ONFX yaLRNIxX &adzOK Fa OFNERX RSOARS G2 Y2@0S oe@

YSyidltf ySSR G2 NBtIGS G2 20KSN LIS2LIwDdI S&EA OK

1999 p. 407). However, in the case of thetherlands and Denmark, people can relate to other

3

3

It c

3\

o
Ay

LS2L)X S +FyRE KSyOSz GSyR G2 O08O0ftS Y2NB (2 daKz2g

2020, p. 111). Cycling is learned from other members of society, and social scientists would agree

that cyclingin the Netherlands has become normalized or part of a daily routdesierhuis,

2016;0S . Nl YYSE AOGNRSG SO Ff®dE HAnHnO® CAzZNIKSN¥2NBZ
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positive effects that bicycling has on their mental and physical health, in add#ienhancing

sociability in public life (i.e., through enhanced interactions because of the need for eye contact

while cycling) Qosterhuis, 20161 S . N1 YYSf a0NRBSG SO Ff ®X HAawno o
of individualisationy DZJ] SY¥ ™M ddd

This chater aimed to address the complexity of the SES and how it relates to its devel-
opment by highlighting the role of culture and institutions. For sustainable development to be
successful, the underlining drivers of societal development need to be addressatyiy the
habits and values of citizens is very complex and requires the involvement of institutions on
different levels, such as governments, schools, businesses, and civil organisatstestfuis,
2016;0S . NI YYSt a i Nan§iovellalongli SR H auINR 2S00 ¢ @

3.3 Resilience and sustainability

I OO2NRAY3 (2 C2ft1S SadatbAYHDNEER SIS T @ ONIKNI
FYR YFAYGFEAY LINRPALISNRdza a2 O0AL f = 2008Rshafked> | YR
I AAYATFNI GASG | a FT2NJ KAY WadzadlAylroAtAadeqQ Aa
O0Saaszx az20AFf 2NJ S023 2AND I WA Y A RlgBIISNIt & | SRA (i
opment of one another which is an observable phenomenon across the world where trespassing
2F GKS tflySiFINE o02dzyRFNASAE ow201adGNlIY Si& o
predictability of fuure living conditions. Hence, resilience comes as a tool to help sustain devel-
2LIYSYd Ay | aOKIFIy3IAy3d g2NI R ¢gKSNBE &dzNLINA

as &
2F | 38408y (2 FrR2dad AGa O2y TaRU2006p02)y | YR

a

F
Both conceptg; resilience andustainabilityg are important for the future development

of urban areas. As mentioned by Acutietal. (202000 > G NJ GA 2yl dz2NBFYy RS@

achieved only when it is both resilientand suskaid f S¢ @ ! f § K2dz3K GKS 02y 0S|

should not be used interchangeably, they can be used in conjunction (DeRgdos &

Guibrunet, 2017). First, it is important to emphasise the difference between the two. According

to DelgadeRamos & Guibrung2017) the biggest difference between the two concepts is the

GeLIS 2F 2dzid2YS 2F | OKIFy3ISo 2KAES wadzadl Ayl o

ASyO0SQ R2Sa y20 AYLX & 6KSUKSNI GKS FTRIFILIWGFGAZY

gado-Ramos & Guibrunet, 2017). Even more, therpose of(engineering) resiliencsto

Wwo2dzy OS o601 01 Q +a a22y a4 LRaarofsS FFTGSNI GKS R

not have been previously optimal (i.e., desirabRegsilience can also laehieved in a particular

geographic area at the expense of another or it can be achieved from the consumption of stock
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resources (i.e., norenewables) at the expense of future generations (Folke et al., 2002). Espe-

cially in times of disruption, againte (2009 puts it, resilience can neglect or abandon sustain-

ability goals and values. Hence, this is a reason why the principles of strong sustainability should

3dzA RS (GKS RS@GSt2LIVSyid 2F | NBaAAtASYyd GNI yaLR2 NIl (
adzadlrAyroftS AdG faz2 ySSRa (2 06S NBaAftASyld (G2 RAZ
mize the negative impacts of disruption on society, economy and environment. This has already

been recognised globally as both concepts have made it intdekielopment plans of transport

in urban areas (Figueiredo et al., 2018; POLIS & Rupprecht ConsultJpfigd;Nations, 2013

Cities can pursue and have the possibility to achieve Qatlstainability and resilience
by focusing on the promotion of ¢ycling and investing in cycling infrastructurmw? Acuti et
al., 2020) focuses on two strategies contributing to the resilience capacity of cities. The first is
urban connectivity which, in addition to providing physical connectivity thrdtegisportation,
Ffaz2 KFa G2 0SS adadlAylrotS 2 GLNRYARS o6SGG§SNI A
(Acuti et al., 2020, p. 3). Secondly, modularization is defined asthé f A G & 2F aaeadasSy (
nents to have enough independence so that the failureamage to another paxf the system
will have a low probability of affecting the functionality of other similar or related components
2F GKS aeadsSvyé 0! 0dzia SO t®dZ HnHunZ LI nod . AOB
tributing to the owerall resilience while having the lowest environmental impact on the environ-
ment and being accessible to most members of society. Some urban areas and their transport
system demonstrated this (the adaptive and transformative capacities of the SES reyitienc
ing the pandemic (se€hapter 2.4. In cities that already invested in bicycling qpandemic,
cycling has seen a substantial increase as people avoided crowded spaces such as public
transport. There was also a rise in pop cycling lanes answerirtlgis demandg an action that
has beerimplemented inan extremely short period of tinfe(Kraus & Koch, 2021 No other

transport mode can adapt to the built environment as quickly as cycling did.

As mentioned irChapter 2.3on resilience, collective humaactions influence the devel-
opment of SES. Thus, mobility and transport during the pandemic should be assessed from the

perspective of its userscitizens of urban areas. An individual relying on public transport proved

4Research found that within a period of four months, on average 11.5 km of provisionalypike lanes
were built per city and cycling rates increased betweerg #B% across 106 Europeaities included in
the study (Kraus & Koch, 2021).
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G2 0SS af Saa Ndsduring teeypandemit, Bs nahydiledlzidie Suspended or ca-
pacities reduced to halt the spread of the virus. In other cases, people were simply afraid of
catching the virus and hence decided to not move in higblygested areas. However, people

still needed to make tripg either for professional reasons or daily errands. Thus, from the per-
spective of those individuals, owning a car would inmptyre flexibility, independence and resil-
ience to such disruptions. However, this does not suggest that peoplédshovest in cars to
increase their resilience as that would have undesirable outcomes (as can be currently observed
in congested cities due to the growing number of cars on the road). On the other hand, multiple
urban areas that already have cycling czifias integratedwith their transport mix were able

to better serve their citizens. Through cycling, they ensured the sustainability and resilience (i.e.,

the ability of the system to adapt and transform) of the system.

3.4 Sustainability of transport

Dueto the negative impacts of transport on the biosphere (as explainéthapter 1.}
Al Aa ySOSaalNeB G2 | RRNBaa RAFTFSNByd | aLsSod
KSt LI SIraS GKS OdaNNByl LINBaadNBa AYiIAKE oSy ®L NI
OGN yaLR2 NI A& ySSRSR 0SOldzaS a2YS Ayy20FiA2ya
@St LINRPGS (2 0SS Wdzyadzil Ay ksoobt&as ang of th&ricrof 2 y 3
mobility options are appearing in urban areaspramiy 3 G2 WRSOI Nb2yAasSQ Y2
shows that trips made by scooters replace the trips that would otherwise be made through ac-
tive modes such as walking and cycling (Fitt and Curl, 2019, cited in Milakis et al., 2020). Similarly,
electrificationof vehicles is promising high environmenieanefits yet the topic is highly con-
troversial as electrification contributes to ceshifting (i.e., externalisation of environmental im-
pacts through international trade), probleshifting (i.e., technological @utions sohing one
problem and credhg a new onesuch as when production of electric cars drives extraction of
lithium, copper, and cobalt resources, which incurs high environmental costs in countries that
export them), results in rebound effects (e.gvjth fuel-efficient cars people drive more often
and for longer distances) and generates additional harmful waste (Parrique et al., 2019). In
search of a new sustainable mode of transport, the benefits of simple solutions such as walking
and cycling are fter overseen. Hence, this chapter aims to provide an overview of different
RSTAYAGAZ2YA 2F gKIG wWadaAaldGrFrAyFofS GNIyaLRNIQ Y
GKFG YSF&adz2NE WadzadlAylFoAf AGeQ 27T stivonglugtaina?z NI ¢ K
oAt AGlRQ
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3.4.1 Sustainability of transport in urban areas

{dzadGFAylroAftAGe KIFa IFAYSR | t2G 2F FGdSyliAazy
YR AYOGSNYyFdA2ylrt tS@Stad |1 26SOSNE y2 02YY2y RS
adopted globally Berger et al., 2014; Bongardt, Schmid, et al., 2011; Brlek et al., 2020; Gud-

Ydzy Raazy 9 |1 2INDs KMddgKe TY |1{bSa WS d dzf GAy3 (KS WwWadza
place challenging. Even more, poor understanding of what makes oReSno 2 ¥ G NJ y & L322 NI W
GFAYFofSQ KIFa NBadzZ 6§SR Ay Ayy20F (A2 y&coatA K KAIK
SNEZ S6KAOK O2yliAydzsS adzZJRNIAYy3 (KS RSOSt2LIVSyd |
AGeQo

When looking for a definition of sustainabiransport, that would guide its future de-
velopment, it is important to reconsider the purpose or meaning of transport. AccordiGgde
Ydzy Raaz2y 9 ) pabsen§ediraospati grovides mobility and accessibility. Mobility is
related to the ability othe individual to move in an urban environment and requires physical
infrastructure such as roads, cycling lanes, trains etc. Accessibility, on the other hand, is about
KFE@gAy3a | 00Saa G2 WrHrOGAGAGE FI OAf A imavBraetofs KA OK R2 S
people. For this differencd) dzZRY dzy R& a 2 y  yargud ti2aSandess, asitdecability of
OAGAT Sya (G2 w3asSid oKIFIG (GKSe gl yld 2N ySSRQ Aa | Y2
tive has also been adopted by some organisations suthea¥/innipeg Centre for Sustainable
TransporE ¢ KA OK RSFAYSR adzadlAylroAtAde a 2yS GKIG a
and societies to be met safely and in a manner consistent with human and ecosystem health,
and with equity withinand bet S Sy 3 Sy ®NWianlpegy20K1p. 52). This implies that
a reduction of the need to travel while having access to key places and goods is necessary if
OGN} YALRNI Ay dzNbBFy NBFA Aa (G2 | OKAS@S WwWadzail Ayl
tions in urban transport that would have wider environmental and social benefits remains pre-

sent. For this reason, principles guiding the development of transport are needed.

azald RSTAYAOGA2Yya | ONRPaa GKS f AdGSNERGN AXSOSENL
Tripple Bottom Line ApproactBérger et al., 2014; Bongardt, Schmid, et al., 2Gldyer & Low,
2020 Litman, 2021;Toth-Szabo et al., 2012)N, 2016 ® 9EAaGAYy 3 RSTFAYA(GAZ2Yy A
0N} yAaLRNIQ KI @S 0SSy O2ff SOUBaRentediFabld2Soe2 aS G KNES
authors find that over time the definition has changed to embrace other impacts that transport
has on society such as salcequity, health and security, quality of life considerations and eco-

nomic growth Berger et al., 2014 For exampleBongardt, Schmid, et al. (2014d. 5) recognises
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NI &

27

0KS yYSSR F2NJ WLI NIAOALI GA2YQ 6KSNB essNivofa LI2 NI
Fff NBftSOFy(d adl|1SK2ft RSNE Ay Ffft L
Publication Environmental Social Economic
UN, 2016p. 10 GOPOYAYAYAT Ay3 OFNDB2Y | addiKS LINE @A Aikfrasttuctrg forth® Mabikityod geople giné goodsadvancing eco-
SYGANRYYSydlf AYLIOGY y2YAO FyR a20AFt RS@St2LIVSyd (ranamninyied that ié safe,2
FFF2NRFO6E ST O00OSaarot Sy STFAOASYG=Z IyR NBa

Bongardt, Schmid,
etal, 2011, p. 6
Bongardt et al.,
2011, p. 3

aoot AYAGA Syraarzya ¢
sion, and waste and minimzes the impact on
GKS dzas 2F fLyR FyR

aooltt2sa GKS oFairo
people to be met safely and proposes éguwithin
YR 6Si6SSy 00S 2

(e)

8dz00Sa4aAr0S

addra FFF2NRIGES g4
ization of external costs, operates fairly an|
efficiently, and fosters a balanced regional
RS@St 2LI¥Sy i oé

Litman, 2021p. 8

Gl AYAGE SYAaana2ykaS FLYEA
ability to absorb them, minimizes consumption|

atttz2ga GKS o6lairod

I 008
cieties to be met safely and in a manner consisten|

addra FFF2NREIGE ST 2
choice of transport rade, and supports a

2019 p. 52

manner consistent with human and ecosystem health, and with equity within and between genera-

iA2yaoons

of nonrenewable resources, limits consump- | with human and ecosystem health, and with equity @A 6 NI yi SO2y2Ye dé
tion of renewable resources to the sustainablel 6 A G KAy FyR 06Si6SSy 3ISy
yield level, reuses and recycles its component|
and minimizes the use of land and the producH
GA2Yy 2F y2rasSo¢
DI 84fAy3 | G¢NI yaALRNIFG2 Ay GKIG Fft268 GKS o6Fl&arAd I 00Sag addra FFF2NREO6E ST 2

choice of transport mode, and supports a
GAONI yi SO02y2Ye o¢

Brlek et al., 2020
p. 74

GovadaiSY 6KSNB RATTY
produce less pollution and consume least en-
ergy per kilometer traveled with the complete

AL FShe F2NJ LI aaSy3asSnyg

GodaK2dz R SyadNB GKI G

fair and equitable access to education, health ser-

vices, jobs and the market, on an intend inter-
ISYSNIGAZ2YyLEf oFaArAaDDE

GddaK2dzt R SyltofS S
passengers and goodsnable regionally
balanced development while controlling fi-|
nancial capacity and future burdens for

in (Toth-Szabo et

ability to absorlthem, uses renewable re

LINB&SYd FyR Fdzi dzNB
4 @ dR S @Misibrs & greenhouse gases, a| a Pda & a4 SY GKIG sAtt O2
pollution, noise and minimise land consumptio| will operate efficiently and that will offer all popula{
60& G(NIyYy&LRNI AYyTFNI &N tonsachoice between different transport alterna-
UAPSaovod
ECMT, 2005 cited | ¢ @®f AYAGA SYAaarazya || a ool hebasicaccass and developmentneeds| ¢ d®A & | FF2 NRI odelliz 2

individuals, companies and societies to be met

ciently, offers choice of transport mode,

Huizenga, 2010,
cited in Bongard,
Schmid, et al.,
2011), p. 6

short and long term negative impacts on the Ig
Ot FyR 3t20Ft SygiNg

al., 2012 sources at or below their rates of generation, | safely and in a manner consistent with human and and supports a competitive economy, as
and, uses nomenewable resources at or below| ecosystem health, and promotes equity withinand| 6 St t & ol fF yOSR NJ¥
the rates of development of renewable substi-| 6 St 8 SSy adz00SaaA @S 3Sy
tutes while minimising the impact on the use o
frYR FyR (GKS ISy SN A

Halland Sussman,| ¢ { dza G Ayl 6t S RSGSt 2 LIy

2004, cited in andfacilitates national policies that aim to re-

Glover & Low, duce the throughput of natural and manmade

202Q p. 16 resources to rates within the carrying capacity
2F GKS SYy@ANRYYSylo¢

OECD, 1996, cited| ¢ 5254 y2i Sy RI y3SNI LldzorhektOneddSibr hatess canistedtOvrhi(a dsé d

in Glover & Low, renewable resources at below their rates of regeneration and (b) use oferewable resources at be-

2020 p. 16 t2¢ GKS NrdGSa 2F RS@St2LISyd 2F NByS¢lotS &ad

Dalkmann and & [ 2carbon, sustainable transport reduces GdDdaSOdzNBE | O0S&aa F2N) 6] addKla SO2y2YAOLf ¢t @

and2 LISNI G A2y X¢é

TABLE2: DIFFERENT DEFINITIONSSOBTAINABLE TRANSEBRDONG THREE PILLARS OF SUSTAINABILITY

However, as transport is one of the largest drivers of climate change and environmental

crisis,Glover & Low (2020are ofopinion that the environmental dimension should be priori-

tized when assessing sustainability. This has been reflected in the definition by Hall and Sussman

(2004, p. 16, cited ilover & Low, 2020which acknowledges transport as one of the drivers
ofaii KNR L2 ISYyA O OtAYFGS OKIFy3sS

F Y R

forces, and facilitates national policies aiming to reduce the throughput of natural and manmade

NB & 2 dzNDO S a

2 NI GS

& G6AGKAY
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(2020 note that the social dimensions should be closely linked to the environmental pillar due

to the high probability of environmental crises driving social crises across the world.

Principles of strongsustainability have been osidered byDdzRY dzy Ra a2y 3 | | 2SI
(1996 who adopted the four operational principles of sustainability put forwarddaly (1991,
p. 44- 45) whichare () limiting the human scalé.€.,throughput); @) increaingthe efficiency
rather thanthe throughput of technologies3) expladting renewable resources, and their source
(i.e., provision of natural goods and services such as oxygen or drinking water) and sinks (i.e.,
absoiption of waste) functions on a profinaximising sustained yield basigich doesot drive
into extinction, and lastly4) that nonrenewable resources should be exploited, but at a rate

equal to the creation of renewable substitutes.

According tdD dzR Y dzy R& & 2 y ) thd cur@r@nabiliby pattepras in industrialized
countries are clearly not fulfilling the mentioned criteria, especially in regard to the preservation
of natural capital. And although principles 1, 3, and 4 are crucial for the sustainability of any
social systemGudmy Rad a2y 9 01 ENRUzBmbeHt i GKS FANBIG LINRAYyOA
A0 fSQ Aa &dzZISNA2N) 12 GKS 20KSNJ GKNBS Ay 2NRSNJ
HoweverDdzR Y dzy Ra a2y 9. 2r2) @s8 Wdrnoitip doar principles not beindfisu
OASYyid +a y20 Ftf ayl(idNBEQa aeaiSYAO @I fdsSa OFy ¢
diversity is very important and essential for the preservation of natural capital, however, it is
hard to define what level of biodiversity is appropriafedzR Ydzy Ra a2y 3 |11 2SNE wmdpdc T
etal., 2009. Asw 2 O1 & G NJ Y ) nSeitior, thedeurréni rate apbiodiversity loss has already
transgressed its limits which is likely to lead to the transgression of other boundaries and irre-
versible changes iktS 9 NIIK deaiSY® C2NJ GKA& NBlFazys az2vys \
YAYAY3 GKS &l LIIINBLINARIFGSE tS@St 2F 0A2RAGSNAAGE f
LINRYOALX S& 2F adadlAylroAfAide yS3t SOjgmamadt KS NRf S
wellbeing and increasing quality of life. For this reasbnlzR Ydzy Ra a2y 9p.a73)2SNJ 0 m ¢
RSTAYS WwWadzadl Ayl of S qerm stabilityoSthe Gd0idlBystSmi\lévantf@ NJ G KS f 2
FdzidzZNBE 3IASYSNI A2y aé ¢ KAinBovahbndd the duiity 9f humana £ LISNDO S |
fAFSS 2F GKAOK O2yadzYLIiAzy F2NJ GKS LINBaSyd 3ISySn

Due to these difference® dzZR Y dzy Ra & 2 y )devklop&3oNd fubthedsustainable

principles thatthe development of transport should follow which are summarized below.

1. PRESERVING NATURAL RESOURCES FOR FUTURE GEN&RAg IddNSnrenewable

resources If transport is to become more sustainapilee production process of transpert
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related consumption of nomenewable resources should be considered. For example, vehi-
cles should be designed for recycling to reduce the extraction and use efenewable
resources. Other inputs (materials and engrgn the production and recycling process
should be accounted for. (Jse of renewable resource€urrently, transport heavily relies

on nonrenewable resources of energy which contributes to its strong unsustainability. If
transport is to become more stainable, it should use renewable resources as the main
source of propulsion. (¢)se of ecosystems as sinkeBhe environment currently serves as a
WaAYy1Q F2N ySaAFGiABS (NI yaLR2NI SEGSNYItAGASaE
such as fasthanging climate, depletion of the ozone layer, acidification and eutrophication,
and accumulation of heavy metals in topsoils, among others. That, however, could have
longterm negative effects, hence, using transport as a sink should be of great concern and
part of the discussion. (dreservation of biodiversity Although some actions have been
undertaken to preserve the flora and fauna from the negative side effects of transport (e.g.,
the division of natural habitats has been solved by building bridgewifdlife over high-
ways),DdzRY dzy Ra a2y Ppemphas®&tNe overalbped to restrict expansion of

transport systems or limiting the current system.

2. PRESERVING THE OPTION VALUE OF HUMAN AND-MBAMBNKCAPITAL FOR FUTURE
GENERATIONShesaciety has some capital (human or hurmaade) base which contrib-
utes to the development and enhancement of other capital assets in society (development).
| SYyOSs adzadrlrAyAy3d GKAa OFLAGEE F2NJ FdzidzNBE 3
hancement é human knowledge and technical skills such as the discovery of new resources
YR ABR&REdzy Baazy gp. 2rd). hdma fonsoeigties to be able to cope
with future scarcities, it will be even more important to maintain the physical fléyilpito-
vided by transport. However, simply increasing the current capital (e.g., by building more
roads and highways) might incur high (social or environmental) costs and thus contribute to
I aaz20Alftfte RSAGNUHzOGA DS 4| &atienFto ihiatThSyIvdzt NRA y 3
2N) Yy ODERdgy Raazy gp. 278)RERNEdzymREgEc2 Y pratierd s@gS NJ 6 m o
gest that other alternatives to resoureand energyintensive transport should be consid-

ered (i.e.active modes of transport over motorized trgpst).

3. IMPROVING QUALITY OF LIFE FOR INDIVIMUAMESY dzy Ra & 2y ¥mehtibre SNJ 6 m «
the need for a set of indicators that comprehensively assess the impacts on quality of life

from transportrelated decisions as they can have positive effects (mobittess, cheaper
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goods and services, more diversity of supply, visual enjoyment) and negative effect (acci-

dents, air pollution, noise etc.) on the overall wieding. In addition to using the economic

evaluation metrics such as CBA, they suggest the applegat 2 F Ydzf GALX S WOl £ dzf
(e.g., regulatory philosophy, absolute measures based on physical and social health criteria)

0KFG akK2dzZ R 60S RS@Stf21LISR (GKNRdzZAK a2LISy LIRtAGAO
and public opinion, and not only econdm® O D@ddrdzifr Rad 2y ,9.219).2SNE M dd«

4. ENSURING A FAIR DISTRIBUTION ORUIKHETYAccording to indicators and evaluation
techniques driving current development (i.e., planning and provision of funds) such as CBA,
the financial benefits might offset the environmental costs paid (e.g-gdoarinated culture
has been extremely beneficifadr the economic growth). Although putting more cars on the
road, and investing in necessary infrastructure indeed drove the development of economies
(i.e., economic growth) it in turn incurred large costs for the environment and already most
vulnerable goups of people. Less affluent part of the society was suddenly faced with the
loss of space (e.g., natural or built environment primarily taibed by citizens), and insuf-
ficient capacities of previous transport modes (e.g., of active modes or pubigpioa) to
NBII OK RAFTFSNBYyG t20FGA2ya RdzS (2 WdzZNBlFy &aLINI &
should halt the development of unfair distribution of mobility, which has contributed to a

larger gap among the rich and poor citizens regionally anoadjin

Among, the reviewed literature the most comprehensive definition of sustainable transport
that also integrates some of the abomeentioned principles was provided by Hall (2006, cited

in Joumard & Gudmundssof010) (sedlable 3.
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Table 49. A comprehensive definition of sustainable transport (Hall, 2006).
A sustainable transport system...

Environment

Health & - minimises activities that cause senous public health concermns and

environmental damage to the environment: *

damage

Standards - maintains high environmental guality and human health standards
throughout urban and rural areas; ?

Noise - minimises the production of noise; b.c.d.e

Land use - minimises the use of land; **®

Emissions and - limits emissions and waste to levels within the planet's ability to

waste absorb them, and does not aggravate adverse global phenomena

including climate change, stratospheric ozone deplefion, and the
spread of persistent organic pollutants; ™°©

Renewable - ensures that renewable resources are managed and used in

resources ways that do not diminish the capamty ol ecologlcal systems to
continue providing these resources;

Non-renewable - ensures that non-renewable resources are used at or below the

resources rate of development of renewable subsntutes

Energy - is powered by renewahle energy sources; and

Recycling - re-uses and recycles its components. ©

Equity / society

Access - provides access to goods, resources, and services while reducing
the need to travel; ***
Safety - operates safely; ***®

- ensures the secure movement of people and goods;

Intragenerational - promotes equity between societies and groups within the current
equity generation, = ® specifically in relation to concems for
environmental justice; and

Intergenerational - promotes equity between generations. ©°

equity
Economy
Affordability - is affordable; * ©*
Efficiency - operates efficiently to support a competitive economy; * *® and
Social cost - ensures that users pay the full social and environmental costs for

their transport decisions.

* DoE {1996); " OECD (1997); * CSTC (1997); ® OECD (2000); * European Council (2001)

TABLE3: ACOMPREHENSIVE DEFINITION OF SUSTAINABLE TRENSRCEAALL 2006,CITED INOUMARDR GUD-
MUNDSSON 2010).

3.4.2 Indicators of sustainability of urban transport

Current issues help determine the goals of sustainable transport which have to be meas-
dZNBRX KSyOS (KS ySSR T2NJAYRAOIFIGZ2NE® LYRAOLI (2
sentingad OOdzNI GSt & Fa LkRraaArotsS | LKSy2YSy2y 2F A\
(Joumard & Gudmundsson, 2010, p. 6They are important because they help measure pro-
gress towards our objectives and goaldgrhan, 202). However, compiling a comprehensilist
2F AYRAOFG2NE GKIFG FNB a2 402yPSYyASYydé O0A DS
able to use them) is difficult (Joumard & Gudmundsson, 2Dit@ran, 2021) As multiple au-
thors mention, having a comprehensive list of indicataright incur high collection costs, be
hard to interpret or even unable to be used due to data unavailability in some regions. On the
contrary, a simple list of indicators might not reflect the full picture and hence have negative
longterm effects if dedions are made on limited knowledge. There is already a wide range of
indicators available for measuring the sustainability of transport. Due to the comprehensiveness

of papers providing lists of existing indicators and different approaches, the foll@eirtgppn

45



THE ROLE OF BICYCLING FOR THE RESILIENCE AND SUSTAINABILITY OF TRANSPORT IN URBANCARY NALISIVTBREDST

provides a brief overview of those relevant to the research topic of this thesis. The dimensions
and indicators that could help make transport sustainable in a-E&3¥VIBEL9 world to provide

access to all citizens while acknowledging the principlds WA G NPy 3 adzaldl Ayl oAf AGe

Bongardt, Schmid, et al. (201drpvides a list of ten key indicators fibre attainment of
different goals of sustainable transport that serve as a starting point for further discussion
among stakeholders. In adidin to the three pillars of sustainabilifgongardt, Schmid, et al.

(2011)also provides the fourth one governance. Se€able 4

Dimensionfindicator Underlying sustainability goal Indicator Current
type availability
of data
Environment
Land consumption by transport | Avoid sprawl and destruction of the Effect/ Low
) environment by fransport impact
infrastructure (as % of total infrastructure
surface)
Transport GHG emissions per | Reduce transport contribution to Effect/ Medium
. climate change impact
capita
Percentage of population Reduce detrimental effects on human | Effect/ Medium
: health and the environment impact
affected by local air pollutants
(e.g. PM10 concentration,
Non-Methane Hydrocarbons
[NMHC] emissions, ...)
Equity/Social
Road fatalities Reduce the number of people killed | Effect/ High
or injured in road fraffic accidents impact
Modal share of PT/INMT Foster transport modes that are both | Outcome Medium
accessible for a large part of the
population and environmentally
sound
Share of transport cost from Provide affordable transportation for | Outcome Medium
) all members of the society
total househald expenditure
Economy
Minimum taxation on fuel Consider the extemal costs caused Performance | High
by transportation based on fossil
fuels (especially road traffic)
Transport investments by Prefer transport modes that are Performance | High
accessible and environmentally
mode sound
PKMITKM per unit GDP Decouple economic growth from Effect/ Medium
transport demand impact
Governance
Participatory transport Involve the public in the decision Performance | Low
lanni process for transport policies and
planning projects

TABLEL: INITIAL SUGGESTION FOR TEN KEY INDICATORS FOR MORE SUSTAINAKSPURGHRPERT ET AI2021,
P.12).

Sustainable Urban Mobility Indicators (SUBeTable § by the EGEuropean Commis-
sion,ndd FNBE Fy20KSNJ aSid 2F AYyRAOIFIG2NE GKIFG KSt LI OA
ot S NI yaLR NI Qdaid o giabtical, selkRrbleCahdic@nyiehensidéSand have
0SSy & &pidl BdReét withfifty participating cities between 2012020. The set of in-

dicators consists of 13 core indicators and 5+4gore indicators.
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No. Indicator Definition Core indicator
1 Affordability of public transport | Share of the poorest quartile of the Yes
for the poorest group poputation’s household budget required to
hold public transport (PT) passes (unlimited
monthly travel or equivalent) in the urban
area of residence.
2 ‘Accessibility of public This indicator determines the accessibiity of | Yes
transport for mobility-impaired | public transport services 1o persons with
groups reduced mobility.
Such vulnerability groups include those with
visual and audial impairments and those
with physical restrictions, such as pregnant
women, users of wheeichairs and mobili
devices, the elderly, parents and weglv‘:c No. Indicator Core indicator
using buggles, and peopie with temporary 13 Traffic safety actve modes Fatalties of active modes users in traffic Yes
njunes. accidents in the city in relation 10 their
3 A polltant emissions Air pollutant emissions of all passenger and | Yes exposure to traffic
freight transport modes (exhaust and non- 14 | Quality of publicspaces | The perceived satisfaction of publicspaces |No |
exhaust for PM;s) in the urban area. 15 Urban functional diversity Functional diversity refers to a mix of spatial | No
4 Noise hindrance Hindrance of population by noise generated | Yes functions in an area, creating proximity of
through urban transport. mutual interrelated actvites
3 Road deaths Road deaths by all transport accidents in the | Yes 16 ‘Commuting travel time Duration of commute to and from work or an | No
urban area on a yearly basis. educational establishment, using any types
[ Access 10 mobdity services Share of population with appropriate access | Yes of modes.
to mobility services (public transport) 17 Mobility space usage Proportion of land use, taken by all city No
7 Greenhouse gas emissions | Well-to-wheels GHG emissions by all urban | Yes transport modes. including direct and
(GHG) area passenger and freight transport modes indirect uses.
18 Security The perceived risk of crime and passenger No
8 Congestion and delays Delays In road waffic and in publc ransport | Yes in urban transport.
peak hours compared to off peak Modal spit For passenger mobility: Yes
travel (private road traffic) and optimal public Modal spit according to passenger
transport travel time (publc ransport). kilometres ran
9 Energy efficlency Total energy use by urban transport per Yoo Modal spit according to vehicle kilometres
passenger km and tonne km (annual i
average over all modes) Modal spit according to the number of trips
10 Opportunity for active mobity | Infrastructure for active mobility, namely Yes ran
walking and cycling, Modal spit according to the number of
1 Multimodal integration An interchange is any piace where a Yes vehicie kilometres per trip ran
traveder can switch from one mode of travel
L anome;. vn;.hhsgmnum/ reTars:ume For ﬁelghl
amount of walking or waitin more
modes available ?x an nm(g;ange_ the :‘,‘I‘”"' ’:‘,‘:\m’d""g 42, goods vehiclas
EE the level of multimodal l\ﬁglﬂll}ﬂ
7z Satisfaction with pubIc The perceived satisfaction of using public | Yes r;a"a;g:,:mmmg tofreight tonnes
transport transport

TABLES: ALIST OSUMIINDICATORS WITH THEIR DESCR(SDIORCERUPPRECHIONSULT2020,P. 6).

Based on the literature reviewjedina et al. (202D compiled a list of 42 indicators
(seeFigure?) for measuring the sustainability ofainsport along five key dimensions (environ-
ment and human health; economic and social, operational, fiscal and governance, and the mo-
bility system effectiveness and land usk)e@ina et al., 2020p. 617). Although the indicators
are good in terms of theimeasurability (i.e., the data for measuring is usually available), the
parameters lack comprehensiveness and multidimensionality. There is very little focus put on
measuring the environmental impact of sustainable transport in addition to some conflicts
am2y3d GKS AYRAOFIG2NE YR (GKS 321t 27
LI OAGeQ O6ADPSPT ydzYoSNJ 2F LI NJAy3I aLl O0Sa
goes against the goal of decreasing car traffic in cities, deoga®ise and air pollution, in-

creasing security etc.
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RGURH: FRAMEWORK WITH DIFFERENT DIMENSIONS OF SUSTAINABLE (TRANSERRID INDICATORS WHITE
(SOURCEMEDINA ET Al2020,P. 619).

On the contrary, a book by Joumard & Gudmundsson (2010) provides an interdiscipli-
nary approach to compiling indicators of (environmental) sustainability in transport. Among all
reviewed literature on sustainability indicators, this book offers the most pretmensive ap-
proach to addressing the complexity of environmental issues. That is approached through a sys-
GSYAO FLILINRIFOK OFftftSR GKS WOKFEAY 2F ObFdzal fAGAS
(N} yALR NI 2y (GKS Sy @iNPBy Y yNBNM di2iNg S YILK VS (MATYEZ
mentation, soil erosion and visual qualities of landscape (Joumard & Gudmundsson, 2010, p.
73). Within each of the categories, further impacts (i.e., chain of causalities) can be identified.
C2NJ SEI YLX S tWihthe/ldis ofifaturél Babitsts, dedgidation of ecosystems, mod-
ification of outdoor recreational areas and loss of cultural heritage (Joumard & Gudmundsson,
2010, p. 73). Although the book does not provide a final list of all parameters, seven chains of

causalities are described. Contrary to other reports, Joumard & Gudmundsson (2010) adopts the
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