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ABSTRACT 

aƻōƛƭƛǘȅ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ōŀǎƛŎ ƘǳƳŀƴ ƴŜŜŘǎ ŀƴŘ ƛƴŦƭǳŜƴŎŜǎ ƛƴŘƛǾƛŘǳŀƭǎΩ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ 

wellbeing. At the same time, transport is one of the biggest polluters, 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 COVID-19 pan-

demic additionally disrupted the status 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 COVID-19 pandemic disrupted the 

existing condition of transport in urban areas and what was 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 neglect or 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 real-life phenomenon in the geographical context of two cities 

of comparable size: the city of Graz (Austria) and the City of Ljubljana (Slovenia). The results are 

based on the comparative case study where two research methods were used. The primary data 

has been collected through in-depth expert interviews with stakeholders from both cities who 

are involved in the planning and development of urban areas. Through document analysis, the 

data on state of the art of both cities before and during the COVID-19 pandemic has been col-

lected, used for time-series analysis and for complementing the insights from the interviews. 

Although life is returning back to normal as COVID-19 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 evidence to encourage 

further development of urban areas and prioritization of bicycling ς development that would 

increase their resilience as well as long-term sustainability.  
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THE ROLE OF BICYCLING FOR THE RESILIENCE AND SUSTAINABILITY OF TRANSPORT IN URBAN AREAS IN THE POST-COVID-19 WORLD 

1 

1 INTRODUCTION 

Mobility is a ōŀǎƛŎ ƴŜŜŘ ŀƴŘ ƛƴŦƭǳŜƴŎŜǎ ŎƛǘƛȊŜƴǎΩ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŀƴŘ ǿŜƭƭōŜƛƴƎΦ ¢ǊŀƴǎǇƻǊǘ, on 

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 COVID-19 pandemic additionally 

disrupted the status quo of urban mobility around the world. Mentioned challenges in addition 

to continuous urbanisation trend, growing population, and negative externalities of transport 

require new perspectives and approaches to mobility in cities. That being the case, it is not sur-

prising that the European Commission put cities at the foǊŜŦǊƻƴǘ ƻŦ ǘƘŜ ΨǘǊŀƴǎƛǘƛƻƴ ǘƻǿŀǊŘǎ 

ƎǊŜŀǘŜǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩΣ ǎŜǘ ŀƴ ŀƳōƛǘƛƻǳǎ Ǝƻŀƭ ƻŦ млл 9ǳǊƻǇŜŀƴ ŎƛǘƛŜǎ ōŜƛƴƎ ŎŀǊōƻƴ ƴŜǳǘǊŀƭ ōȅ нлол 

and promised to continue engaging with large and medium-sized cities in the member states to 

encourage them to develop their own 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 COVID-19 pandemic, many citizens turned to walking or cycling to avoid potential 

infection with the virus. Cycling proved to be useful in times of yet another disruption, hence 

this master thesis aims to explore the role of bicycling for the resilience as well as sustainability 

of transport in urban areas in the post-COVID-19 world. 

1.1 Research Context  

The COVID-19 pandemic severely disrupted the established processes and proved how 

vulnerable our socio-economic system has become. The disruption also proved 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 plans. However, there is an urgent need to change due to 

multiple current and upcoming challenges imposing a threat to the well-being of present and 

future generations. 

In the EU, passenger cars represented 82.9% of inland passenger transport in 2017 (Eu-

ropean Commission & Eurostat, 2020). Consequential or external costs of transport affect the 

general public and are currently not reflected in the prices (e.g., aeroplane tickets, fuel 

bills) (Heinrich-.ǀƭƭ-Stiftung, 2021). In the EU (including the UK), calculated costs accounted for 

ŀƭƳƻǎǘ ϵтмс ōƛƭƭƛƻƴ ƛƴ нлмс ǿƛǘƘ ŀŎŎƛŘŜƴǘǎ ƛƴŎǳǊǊƛƴƎ ǘƘŜ Ƴƻǎǘ ŎƻǎǘǎΣ ϵнун ōƛƭƭƛƻƴ όHeinrich-.ǀƭƭ-

Stiftung, 2021). However, these costs are not equally shared among different transport modes. 
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The current state of the transportation system is very inefficient and unfair, favours expensive 

over cheaper modes of transport in 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 

Ǌƛǎƪ ŦƻǊ ŀŎŎƛŘŜƴǘǎύ όDǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлннύΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ ǎǘǳŘȅ ōȅ DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦ όнлмф, p. 65) 

ǎƘƻǿ ǘƘŀǘ άŜŀŎƘ ƪƛƭƻƳŜǘǊŜ ŘǊƛǾŜƴ ōȅ ŎŀǊ ƛƴŎǳǊǎ ŀƴ ŜȄǘŜǊƴŀƭ Ŏƻǎǘ ƻŦ ϵлΦммΣ ǿƘƛƭŜ ŎȅŎƭƛƴƎ ŀƴŘ ǿŀƭƪπ

ƛƴƎ ǊŜǇǊŜǎŜƴǘ ōŜƴŜŦƛǘǎ ƻŦ ϵлΦму ŀƴŘ ϵлΦот ǇŜǊ ƪƛƭƻƳŜǘǊŜέΦ Even possessing a vehicle has poor 

social or economic returns for the owners. In 2018, households in the EU-27 (without the UK) 

ǎǇŜƴǘ ϵфом ōƛƭƭƛƻƴ ƻǊ ŀǇǇȄΦ мо% of total household consumption on activities or items related to 

transport (European Commission, 2020a). This has been confirmed in ǘƘŜ ǎǘǳŘȅ ōȅ DǀǎǎƭƛƴƎ Ŝǘ 

ŀƭΦ όнлннΣ ǇΦ мύ ǿƘƛŎƘ ŦƻǳƴŘ ǘƘŀǘ ǘƘŜ άǘƻǘŀƭ ƭƛŦŜǘƛƳŜ Ŏƻǎǘ ƻŦ ŎŀǊ ƻǿƴŜǊǎƘƛǇ όрл ȅŜŀǊǎύ ǊŀƴƎŜǎ ōŜπ

tǿŜŜƴ ϵрффΣлун ŦƻǊ ŀƴ hǇŜƭ /ƻǊǎŀ ǘƻ ϵфрсΣтфу ŦƻǊ ŀ aŜǊŎŜŘŜǎ D[/έ ŦƻǊ ǘƘŜ ǘȅǇƛŎŀƭ DŜǊƳŀƴ 

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 yields (Brlek et al., 2020), the health of people (e.g., global morbidity 

due to diseases and premature deaths) and the environment (Bongardt, Schmid, et al., 2011; 

DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмф). Air pollutants result in respiratory and cardiovascular diseases which in 

turn incurs additional expenditures for medical treatment costs or paid sick leaves from work 

(Brlek et al., 2020ύΦ !ŎŎƻǊŘƛƴƎ ǘƻ YǸƴȊƭƛ Ŝǘ ŀƭΦ όнлллΣ ŎƛǘŜŘ ƛƴ DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмф) air pollution 

accounts for 6% of total mortality out of which half is attributed to motorized transport. In ad-

dition, air pollution also damages buildings by polluting the surfaces or encouraging corrosion 

processes caused by acidic substances (Brlek et al., 2020). Lastly, polluted air also affects eco-

ǎȅǎǘŜƳǎ ǘƘǊƻǳƎƘ ΨŀŎƛŘƛŦƛŎŀǘƛƻƴ ƻŦ ǎƻƭΣ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ ǿŀǘŜǊΩ ŀƴŘ ΨǘƘŜ ŜǳǘǊƻǇƘƛŎŀǘƛƻƴ ƻŦ ŜŎƻǎȅǎπ

tems, in addition to the loss of biodiversity (Brlek et al., 2020). 

Noise: According to WHO (2011, cited in DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ сфύΣ ŀǇǇȄΦ άƻƴŜ million 

healthy life years are lost every year from traffic-ǊŜƭŀǘŜŘ ƴƻƛǎŜ ƛƴ ǘƘŜ ²ŜǎǘŜǊƴ ǇŀǊǘ ƻŦ ǘƘŜ 9¦έΦ 

Traffic noise negatively impacts the quality of life and health in cities (Bongardt, Schmid, et al., 

2011; DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмф) and incurs higher costs for medical treatments as well as economic 

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

ƛƴ ǎǘǊŜǎǎ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ ƭƛƴƪŜŘ ǘƻ άƳƻƻŘ ŎƘŀƴƎŜǎΣ ŎƘǊƻƴƛŎ ǎƭŜŜǇ ŘƛǎǘǳǊōŀƴŎŜ ŀƴŘ ƭŀŎƪ ƻŦ ǊŜŎƻǾπ

ery from tiredness, nervousness, anxiety and phobia, cardiovascular diseases, and cognitive im-

ǇŀƛǊƳŜƴǘ ƻŦ ŎƘƛƭŘǊŜƴέ όDǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмф, p. 69). In addition, noise pollution affects housing 

prices and losses in productivity due to poor concentration or fatigue (DǀǎǎƭƛƴƎ et al., 2019). 
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Climate Change: One 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 CO2 emissions (Bongardt, Schmid, et al., 2011). In the 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, 2020a). In addition, road transportation contributed 71.8% of 

CO2 emissions from transport in 2018 out of which CO2 emissions from cars represented a share 

of 60.3% (European Commission, 2020a). Developed countries are currently still the largest con-

tributor to GHG emissions driving climate change and associated costs. For example, the climate 

costs of transǇƻǊǘ ƛƴ ǘƘŜ 9¦ ŀŎŎƻǳƴǘŜŘ ŦƻǊ ŀǇǇȄΦ ϵмпл ōƛƭƭƛƻƴ ƛƴ нлмс όHeinrich-.ǀƭƭ-Stiftung, 

2021). Furthermore, the forecasts until 2030 project an 80% increase in road transport-related 

emissions in emerging economies such as China (Bongardt, 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 activities (Bongardt, Schmid, et al., 2011). In turn, that also affects the well-

being of people and drives stress (DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмф). In addition, vehicle owners or freight 

operators need to face increasing operating and fuel costs arising from congestion (Bongardt, 

Schmid, et al., 2011; DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ 2019).  

Energy intensity and natural resource consumption: In 2018, transport accounted for a 

share of 31% of final energy consumption in the EU-27 out of which road transport represented 

93% (European Commission, 2020a). Due to current global trends, transport activities (e.g., 

freight or road transportation) will require further extraction of resources and contribute to a 

large amount of energy consumption (Bongardt, Schmid, et al., 2011). 

Habitat fragmentation and land consumption: Transport requires considerable 

amounts of the natural environment for necessary infrastructure (e.g., roads, parking spaces, 

highways) contributing to habitat loss and shrinking the space available for species or separating 

populations of species (Brlek et al., 2020; Bongardt, Schmid, et al., 2011). In addition to habitat 

degradation through pollution of soil and groundwater (DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ нлмф).  

Road safety and cost of accidents: Traffic accidents incur large external costs on society: 

material costs, such as the vehicle damage (e.g., material damage to the vehicle or other 

transport-related 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, long-term treatments of disabled), and immaterial 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 was  948,511 (European Commission, 2020a). 

Pedestrians and cyclists are especially vulnerable in a car-dominating 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 areas, global biosphere) and therefore influence the 

development of other systems in addition to being subject to shaping forces from them. Figure 

1 is a  simplified depiction of how transport is subject to influences from other systems and how 

it in turn also reinforces them. As outlined above, the transport sector is directly or indirectly 

ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ƳǳƭǘƛǇƭŜ ŎƘŀƭƭŜƴƎŜǎ ƻŦ ǘƻŘŀȅΩǎ ǿƻǊƭŘΦ Lƴ ǘǳǊƴΣ ǘƘƻǎŜ ŎƘŀƭƭŜƴƎŜǎ ŀƭǎƻ ǎƘŀǇŜ ǘƘŜ 

development of transport. For example, different mobility patterns (i.e., car-dominated 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 for continu-

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 in Figure 1 and aims to present the complexity oŦ ǎƻƭǾƛƴƎ ǘƻŘŀȅΩǎ ŎƘŀƭƭŜƴƎŜǎΦ  

 

FIGURE 1: INTERCONNECTEDNESS OF GLOBAL TRENDS AND DISRUPTIONS WITH TRANSPORT AND ITS NEGATIVE EXTERNALITIES 

(ADAPTED AFTER EEA, 2009).  

The transport system in urban areas is exposed to different types of disruptions which 

can be grouped into four categories according to their source and nature: internal and external 

factors, intentional and unintentional (see Table 1) and can happen on different timescales (e.g., 

unexpected natural disasters, daily disruptions such as traffic jams or accidents, or long-term 
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invisible changes). Although the COVID-19 pandemic did not pose direct stress on the infrastruc-

ture, it disrupted the mobility demand and patterns (POLIS & Rupprecht Consult, 2021), for 

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

 
Internal External 

Intentional labour market conflicts (e.g., union 
strikes) 

sabotages, terrorism, acts of war, 
pranks, political instability, demand risk, 
strikes, cyber attacks 

Uninten-
tional 

human or system mistakes, acci-
dents by users or staff, technical 
failures, system breakdown/failure, 
mechanical failures, infrastructure 
maintenance 

natural disasters, extreme weather con-
ditions, global warming, fuel crisis, natu-
ral resource depletion, the COVID-19 
pandemic 

TABLE 1: DIFFERENT TYPES OF DISRUPTION OF THE URBAN TRANSPORT SYSTEM (SOURCE: ADAPTED AFTER CHENG ET AL., 
2021; BARRIOLA, 2021; FERNANDES ET AL., 2017; MATTSSON & JENELIUS, 2015; MARTINS ET AL., 2019). 

1.2 Purpose Statement and Research Question 

As outlined in the previous chapters, urban areas, and therefore transport, are subject to 

multiple disruptions while simultaneously 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 COVID-19 pandemic affec-

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 aims to discover how bicycling can contri-

bute to the resilience and sustainability of transport in urban areas in the post-COVID-19 world.  

Overall research question: 

What is the role of bicycling for the resilience and sustainability of transport in urban areas in the 

world after COVID-19? 

Considering the negative externalities of transport and current global trends, the cities 

should prioritize active modes of transport, such as cycling, as soon as possible. The COVID-19 

pandemic happened very recently, therefore 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 (see Chapter 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 shared-ŎȅŎƭƛƴƎ ǎŎƘŜƳŜ ǎǳŎƘ ŀǎ Ψ.ƛŎƛƪŜ[WΩ 
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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 

each assessed. The results of this study could therefore be of value for local policy-makers, bike-

sharing scheme operators and other stakeholders involved in the decision-making and planning 

of urban areas.  

1.3 Conceptual Framework 

¢ƘŜ /ƻƴŎŜǇǘǳŀƭ CǊŀƳŜǿƻǊƪ ŘƛǎǇƭŀȅǎ ŀ ΨǎŎƘƻƭŀǊƭȅ ƳŀǘǳǊƛǘȅΩ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊ ό[ŜǎƘŜƳ ϧ 

TraffoǊŘΣ нллтύΦ ! ǊŜǎŜŀǊŎƘŜǊ ŘŜǾŜƭƻǇǎ άŀ ƳŀǇ ƻŦ ǘƘŜƻǊƛŜǎ ŀƴŘ ƛǎǎǳŜǎέ ǘƘŀǘ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ 

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 conceptual framework 

Ƴŀȅ ōŜ ŘŜǊƛǾŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ άŀǇǇǊŜŎƛŀǘƛƻƴ ƻŦ ǊŜŀŘƛƴƎΣ ǇŜǊǎƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ǊŜŦƭŜŎǘƛƻƴ ƻƴ 

ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ Ǉƻǎƛǘƛƻƴǎ ǘƻǿŀǊŘǎ ǘƘŜ ǇƘŜƴƻƳŜƴŀ ǘƻ ōŜ ƛƴǾŜǎǘƛƎŀǘŜŘέ ό[ŜǎƘŜƳ ϧ ¢ǊŀŦŦƻǊŘΣ нллтΣ 

p. 99). Other benefits of a conceptual framework are the ability 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 how different 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 provided in Figure 2. 

The literature review was divided into two sections (see Figure 2). Literature Review Section 

I provides a summary of four topics that will guide further review of the literature and set the 

foundation of each topic. Theories on sustainability, resilience and complexity are the core the-

ories important for the research topic of this thesis. Thus, Section I provides an overview of the 

Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴǎ ŦǊƻƳ ǘƘŜ ŦƛŜƭŘΦ CƻǊ ŜȄŀƳǇƭŜΣ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƛǎ ŀ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ 

and popular concept. However, due to 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 included in Section II of 

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 COVID-19 

pandemic on transport in urban areas with a specific focus on bicycling. 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 Section II integrates core theories and ǎŜǘǎ ǘƘŜ ǘƻǇƛŎ ƻŦ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ 

ŀƴŘ ΨǊŜǎƛƭƛŜƴŎŜΩ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘǊŀƴǎǇƻǊǘ ƛƴ ǳǊōŀƴ ŀǊŜŀǎΦ ¢Ƙƛǎ ǘƘŜǎƛǎ ŀŎƪƴƻǿƭŜŘƎŜǎ ǘƘŀǘ ƳǳƭǘƛǇƭŜ 

forces contribute to the current state of the art of transport in urban areas. That is because 

transport is a complex system embedded within a larger system (urban area) that evolves over 

time. The purpose of the first Chapter 3.1 Transport as a complex system is therefore to empha-

sise the complexity of the topic and the need for an exhaustive analysis of all underlying drivers 

and elements. That is applied in the following Chapter 3.2 Institutions, culture and development 

of transport and urban areas, which discusses the development of transport in urban areas over 

time, and the role of culture and institutions as two contrƛōǳǘƛƴƎ άŘǊƛǾŜǊǎέ ƻŦ ƛǘǎ ŘŜǾŜƭƻǇπ

ment. Chapter 3.3 Resilience and Sustainability provides a link between the theories and rea-

soning on why they should be addressed in conjunction. Further two sections focus on each 

topic separately. Chapter 3.4 Sustainability of transport provides an overview of definitions of 

sustainable transport and different indicators used to measure it. Similarly, Chapter 3.5 Resili-

ence of transport in urban areas ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ Ƙƻǿ ΨǊŜǎƛƭƛŜƴŎŜΩ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ 

transport has been defined across literature, different characteristics of resilient transport and 

indicators that measure them. 

 

FIGURE 2: CONCEPTUAL FRAMEWORK (SOURCE: AUHTOR'S OWN) . 
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2 LITERATURE REVIEW ς PART I 

2.1 Complexity  

Planning for the future requires a comprehensive assessment and understanding of our world. Com-

ǇƭŜȄƛǘȅ ǘƘŜƻǊƛŜǎ ƘŜƭǇ ǳǎ ǎŜŜ ǘƘŜ ǿƻǊƭŘ ŀǎ ŀ ΨŎƻƳǇƭŜȄ ǎȅǎǘŜƳΩ ǿƛǘƘ ƳǳƭǘƛǇƭŜ ŜƭŜƳŜƴǘǎ ŀƴŘ ƛƴǘŜǊŎƻƴƴŜŎπ

tions and therefore provide a better understanding of how cities developed over time and need to 

develop in the future. The following chapter introduces the complexity theory and applies it to the 

context of transport systems. The topic will be further put into the context of transport systems in 

urban areas in two sections of Literature Review Part II: Chapter 3.1 Transport as a complex system and 

Chapter 3.2 Institutions, culture and development of transport (see Figure 2: Conceptual Framework). 

¢ƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀƴŘ ΨǊŜǎƛƭƛŜƴŎŜΩ Ŏŀƴ ōŜ achieved, it is important 

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 a steady state (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 systems ς rather 

than static we see them as dynamic.  

According to Meadows & Wright (2008, p. 11), ŀ ǎȅǎǘŜƳ ƛǎ άŀ ǎŜǘ ƻŦ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ŜƭŜπ

ƳŜƴǘǎ ǿƘƛŎƘ ŀǊŜ ƻǊƎŀƴƛǎŜŘ ƛƴ ŀ ǿŀȅ ǘƻ ŀŎƘƛŜǾŜ ǎƻƳŜǘƘƛƴƎέΦ ¢ƘŜ ŎƻƳǇƻƴŜƴǘǎ ǘƘŀǘ ŎƻƴǎǘƛǘǳǘŜ ŀ 

system are different elements, interconnections among them, and the overall function or pur-

pose of the system (Meadows & 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 function.  As Holling (2001, p. 391) puts it, complexity results 

ŦǊƻƳ ŀ άǎƳŀƭƭŜǊ ƴǳƳōŜǊ ƻŦ ŎƻƴǘǊƻƭƭƛƴƎ ǇǊƻŎŜǎǎŜǎέ ǿƘƛŎƘ ŎǊŜŀǘŜǎ ŀƴŘ Ƴŀƛƴǘŀƛƴǎ ǘƘŜ ǎŜƭŦ-organi-

zation of the system. For this reason, Meadows & Wright (2008, p. 12) argue that systems are 

more than just the sum of their ǇŀǊǘǎ ŀƴŘ Ŏŀƴ ŜȄƘƛōƛǘ άŀŘŀǇǘƛǾŜΣ ŘȅƴŀƳƛŎΣ Ǝƻŀƭ-seeking, self-

preserving, and sometimes evolutionary behaviouǊέΦ  

Complex-adaptive systems (CAS) have the ability to change or adapt (i.e., to self-organ-

ise) themselves to overcome any disruption (Holling, 2001; Folke et al., 2002; Meadows & 

Wright, 2008; Walker et al., 2004) which they can achieve by creating new structures or behav-

iours (Meadows & Wright, 2008). This self-ƻǊƎŀƴƛǎŀǘƛƻƴ ŎǊŜŀǘŜǎ άǎȅǎǘŜƳǎ that operate far from 

equilibrium and are ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ƳǳƭǘƛǇƭŜ ǇƻǎǎƛōƭŜ ƻǳǘŎƻƳŜǎ ƻŦ ƳŀƴŀƎŜƳŜƴǘέ όFolke et al., 
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2002, p. 16). Holling (2001, p. 394; 1986, 

p. 307) has proposed a model depicting 

this ability to self-organise which con-

sists of four stages: exploitation (r - time 

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

ƭŜŀǎŜ όʍ ƛΦŜΦΣ ŎǊŜŀǘƛǾŜ ŘŜǎǘǊǳŎǘƛƻƴύ ŀƴŘ 

reorganization/renewal (see Figure 3). 

To demonstrate how CAS pass through 

different stages of the cycle, a hypothet-

ical situation in which the transportation system is affected by external disruption (e.g., peak oil 

resulting in a shortcut of oil supply and high fuel prices) will be considered. 

(1) EXPLOITATION OR GROWTH (r): during 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 a social system, the 

capital accumulated can either be in the form of skills, networks of human relationships and 

mutual trust (Holling, 2001) or built capital such as transport infrastructure, vehicles, parks 

and other elements of the urban landscape. This phase of capital accumulation is very slow 

and characterized by increasing connectedness and stability of the system (Holling, 2001). 

(2) CONSERVATION (Ҡ): During the phase of conservation, the system becomes more stable 

(Holling, 1986), aspires to maintain the status quo (i.e., remain within the same equilibrium) 

ƻŦ ǎƻŎƛŀƭΣ ǇƻƭƛǘƛŎŀƭ ŀƴŘ ŎǳƭǘǳǊŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴΣ ŀƴŘ άƭƻŎƪǎ ƛƴέ ǘƘŜ ǊŜǎƻǳǊŎŜǎ όWalker et al., 

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 crises, wars, pandemics) (Holling, 1986; Holling, 

2001; Walker et al., 2004).  In the context of transport, the elements within the system be-

ŎƻƳŜ ǾŜǊȅ ƛƴǘŜǊŎƻƴƴŜŎǘŜŘ ŀƴŘ ǊŜǎƻǳǊŎŜǎ άƭƻŎƪŜŘ iƴέΦ CƻǊ ŜȄŀƳǇƭŜΣ ƻǾŜǊ ǘƛƳŜ ŎƛǘƛŜǎ ƛƴǾŜǎǘ 

capital in the construction of infrastructure such as parking spaces or 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 prices or cuts in fuel supply. 

This makes the overall system (i.e., transport and urban area) and its elements more vulner-

able. As such a disruption would affect the mobility of individuals as well as the economy.  

(3) COLLAPSE, CREATIVE DESTRUCTION OR RELEASE (K): All the accumulated capital in the 

ǇƘŀǎŜ ƻŦ ΨŎƻƴǎŜǊǾŀǘƛƻƴΩ Ŏŀƴ ōŜ ǉǳƛŎƪƭȅ άǊŜƭŜŀǎŜŘέ ŘǳǊƛƴƎ ǘƛƳŜǎ ƻŦ ŘƛǎǊǳǇǘƛƻƴ ŀƴŘ ŦƻƭƭƻǿŜŘ 

by a quick reorganisation of the system (Holling, 2001). During this phase, a disruption is 

FIGURE 3: THE FOUR (ECOSYSTEM) FUNCTIONS WITHING Ψ/OPLEX-
ADAPTIVE SYSTEMΩ PROPOSED BY HOLLING (2001, P. 394). 
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introduced to the transport system (e.g., oil peak, a surge in oil prices) which initiates the 

ΨŎǊŜŀǘƛǾŜ ŘŜǎǘǊǳŎǘƛƻƴΩ ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ ǎǘǊǳŎǘǳǊŜ όŜΦƎΦΣ ŎŀǊ-dominated transport system) and 

processes (e.g., mobility patterns). This happens very quickly and is followed by a phase of 

reorganisation which offers opportunities for innovation (Holling, 2001). 

(4) REORGANISATION ()h: During the phase of reorganisation, the 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 cycle (exploitation). How much a system is able to innovate also 

ŘŜǇŜƴŘǎ ƻƴ άǇǊŜǾƛƻǳǎƭȅ ŀŎŎǳƳǳƭŀǘŜŘ ƳǳǘŀǘƛƻƴǎΣ ƛƴǾŜƴǘƛƻƴǎΣ ŜȄǘŜǊƴŀƭ ƛƴǾŀŘŜǊǎ ŀƴŘ ŎŀǇƛǘŀƭέ 

(Holling, 2001, 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 

hikes in oil prices and supply by individuals switching to active transport modes (i.e., walking 

or cycling), using public transport or engaging in car-sharing to split the fuel costs. However, 

ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳ ǘƻ ǊŜƻǊƎŀƴƛȊŜ ŀƭǎƻ ƘƛƎƘƭȅ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ΨŀŎŎǳƳǳƭŀǘŜŘ ŎŀǇƛǘŀƭΩΦ ¢Ƙŀt 

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 infrastructure would be provided (e.g., 

through infrastructure already ƛƴ ǇƭŀŎŜ ƻǊ ΨǇƻǇ-ǳǇΩ ƭŀƴŜǎ ŀƴŘ ŎƭƻǎǳǊŜǎ ƻŦ ǎǘǊŜŜǘǎ ŦƻǊ other 

motorized traffic). 

The four-phase adaptive cycle has demonstrated how organisations and functions constituting 

biological, ecological, and human 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 

Ƙƻǿ ŘƛŦŦŜǊŜƴǘ ΨŦƻǳǊ-ǇƘŀǎŜ ŀŘŀǇǘƛǾŜ ŎȅŎƭŜǎΩ ŀǊŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ŜŀŎƘ ƻǘƘŜǊΦ IƻƭƭƛƴƎ ό2001) intro-

duces a new term ς panarchy ς to provide a different perspective on how systems are nested as 

adaptive cycles in a hierarchical manner across different time and space scales (e.g., global ver-

sus local, year versus ŘŜŎŀŘŜύΦ ¢Ƙƛǎ ƛǎ ƛƳǇƻǊǘŀƴǘ ōŜŎŀǳǎŜ ǘƘŜ άŦǳƴctioning of those cycles and 

ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜƳ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƻŦ ǘƘŜ ǎȅǎǘŜƳέ όHolling, 2001, 

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

embedded within other systems (Holling, 2001; Meadows & Wright, 2008). Hence systems in a 

panarchy are ordered in a ƘƛŜǊŀǊŎƘƛŎŀƭ ǎǘǊǳŎǘǳǊŜ ōǳǘ ŀƭǎƻ άƛƴǘŜǊƭƛƴƪŜŘ ƛƴ ƴŜǾŜǊ-ending adaptive 

ŎȅŎƭŜǎ ƻŦ ƎǊƻǿǘƘΣ ŀŎŎǳƳǳƭŀǘƛƻƴΣ ǊŜǎǘǊǳŎǘǳǊƛƴƎΣ ŀƴŘ ǊŜƴŜǿŀƭέ όHolling, 2001, p. 392). Understand-

ing that our system is organised as a panarchy is important because the resilience of a system 

ŀǘ ƻƴŜ ƭŜǾŜƭ ŀƭǎƻ ŘŜǇŜƴŘǎ ƻƴ ƻǊ ƛƴŦƭǳŜƴŎŜǎ ǘƘŜ ΨǎǘŀǘŜǎ ŀƴŘ ŘȅƴŀƳƛŎǎΩ ŀōƻǾŜ ŀƴŘ ōŜƭƻǿ ǘƘŀǘ ƭŜǾŜƭ 

(Walker et al., 2004). During the pandemic, the ability of SES to reorganise and absorb the dis-
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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 how the transportation system reorganized is when 

local governments decided to promote cycling, closed the streets for motorised traffic to in-

crease walkability and cyclability, and implemented pop-up bike lanes (see Chapter 2.4). 

2.2 Sustainability 

2.2.1 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ΨsǳǎǘŀƛƴŀōƛƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ƻǾŜǊ ǘƛƳŜ 

5ƛǎŎǳǎǎƛƻƴ ƻƴ ǿƘŀǘ ƳŀƪŜǎ ŘŜǾŜƭƻǇƳŜƴǘ ΨǎǳǎǘŀƛƴŀōƭŜΩ ƛǎ ǾŜǊȅ ŎƻƳǇƭŜȄ ŀƴŘ ƎƻŜǎ ōŜȅƻƴŘ ǘƘŜ .ǊǳƴŘǘƭŀƴŘ 

Report (WCED, 1987, p. 16) ŘŜŦƛƴƛǘƛƻƴ ŀŘƻǇǘŜŘ ōȅ ǘƘŜ ƳŀƛƴǎǘǊŜŀƳΥ ά{ǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ ŀ ŘŜπ

velopment that meets the needs of the present without compromising the ability of future generations 

ǘƻ ƳŜŜǘ ǘƘŜƛǊ ƻǿƴ ƴŜŜŘǎΦέ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴ ǇǊƻǾƛŘŜǎ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ ƘƛǎǘƻǊƛŎŀƭƭȅ 

important milestones contributing to the discussion on sustainable development and identifies differ-

ent visualisations of sustainability ŀƴŘ άŎƻƴŦƭƛŎǘǎέ ŀƳƻƴƎ ǘƘŜƳΦ This is important for the reader to un-

derstand how diverging perspectives contributed to the development of urban areas (see Chapter 3.2: 

Institutions, culture and development of transport in urban areas) and how sustainability is connected 

to resilience (see Chapter 3.2 Resilience and SustainabilityύΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ ŎƻǊŜ ǘƘŜƻǊƛŜǎ ƻƴ Ψǎǳǎǘŀƛƴŀπ

ōƛƭƛǘȅΩ ǇǊƻǾƛŘŜ ŀ ŦƻǳƴŘŀǘƛƻƴ ŦƻǊ ŦǳǊǘƘŜǊ ŀǎǎŜǎǎƳŜƴǘ ƻŦ ŘƛŦŦŜǊŜƴǘ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ΨǎǳǎǘŀƛƴŀōƭŜ ǘǊŀƴǎǇƻǊǘΩ 

and indicators that measure it which will be presented in Chapter 3.4 Sustainability of transport. The 

interconnections among the topics and two literature review sections have also been visualised in Fig-

ure 2: Conceptual Framework. 

In 1962, Rachel Carson published Silent Spring where she openly criticised the chemical 

industry for misinforming the public and degrading the environment through the harmful use of 

pesticides, which is one of the first publications giving a rise to environmentalism. In 1966, Ken-

neth Boulding published The Economics of the Coming Spaceship Earth which was one of the 

first publications contributing to the formulation of the discourse on circular economy. Boulding 

(1966, p. 9) warned about the dangers of ƭƛǾƛƴƎ ƛƴ ŀƴ ŜŎƻƴƻƳƛŎ ǎȅǎǘŜƳ ǘƘŀǘ ŦǳƴŎǘƛƻƴǎ ŀǎ ŀƴ ΨƻǇŜƴ 

ǎȅǎǘŜƳΩ ǿƘƛŎƘ ƘŜ ǘŜǊƳŜŘ ΨŎƻǿōƻȅ ŜŎƻƴƻƳȅΩ ǿƘŜǊŜ ΨcowboyΩ ǎȅƳōƻƭƛǎŜǎ άƛƭƭƛƳƛǘŀōƭŜ ǇƭŀƛƴǎΣ ŀƴŘ 

ǊŜŎƪƭŜǎǎΣ ŜȄǇƭƻƛǘŀǘƛǾŜΣ ǊƻƳŀƴǘƛŎΣ ŀƴŘ ǾƛƻƭŜƴǘ ōŜƘŀǾƛƻǳǊέΦ !ǎ ǎǳŎƘΣ ƘŜ ŀŎƪƴƻǿƭŜŘƎŜŘ ǘƘŀǘ ǘƘŜ ŎǳǊπ

rent system is open and requires 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 

ƳŜŀǎǳǊŜŘ ōȅ ǘƘŜ άƴŀǘǳǊŜΣ ŜȄǘŜƴǘΣ ǉǳŀƭƛǘȅΣ ŀƴŘ ŎƻƳǇƭŜȄƛǘȅ ƻŦ ǘƘŜ ǘƻǘŀƭ ŎŀǇƛǘŀƭ ǎǘƻŎƪέ ǊŀǘƘŜǊ ǘƘŀƴ 

measuring growth through increasing consumption of energy and resources (Boulding, 1966, p. 

9)Φ !ǎ ŀ ŎƻƴǘǊŀŘƛŎǘƛƻƴ ǘƻ ΨŎƻǿōƻȅ ŜŎƻƴƻƳȅΩ, he came up with the term ΨǎǇŀŎŜǎƘƛǇ ŜŎƻƴƻƳȅΩ 

ǿƘƛŎƘ ƛǎ ŀƴ ŜŎƻƴƻƳȅ ǿƘŜǊŜ άŜŀǊǘƘ ōŜŎƻƳŜǎ ŀ ǎƛƴƎƭŜ ǎǇŀŎŜǎhip, without unlimited reservoirs of 
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anything, either for the extraction or for pollution, and which must find its place in a cyclical 

ŜŎƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳ ǿƘƛŎƘ ƛǎ ŎŀǇŀōƭŜ ƻŦ Ŏƻƴǘƛƴǳƻǳǎ ǊŜǇǊƻŘǳŎǘƛƻƴ ƻŦ ƳŀǘŜǊƛŀƭέ όBoulding, 1966, p. 

9). The limits of economic growth in terms of laws of thermodynamics were further popularized 

in 1971 with the publishing by Nicolas Georgescu-Roegen The Entropy Law and the Economic 

Processes. In the paper, he focused on the quality dimension of energy and matter consumed 

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

(i.e., low entropy), and transforms both into waste (i.e., high entropy) (Georgescu-Roegen, 

1975). In other words, the economic system consumes valuable sources with low entropy (e.g., 

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

with high entropy (Georgescu-Roegen, 1975). This was important as it contradicts the narrative 

of indefinite economic growth being possible as that is eventually constrained by the laws of 

thermodynamics. A year later, in 1972, a publication by the Club of Rome The Limits of Growth 

(Donella et al., 1972) 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 exceeding the carrying ca-

pacity of the planet (Baker, 2006). 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 criticism for failing to predict the impact of tech-

nological innovations contributing to more efficient resource use and pollution reduction. This 

ŀƭǎƻ άŦǳŜƭŜŘέ ǘƘŜ ǊƛǎŜ ƻŦ ΨǿŜŀƪ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ǿƘŜǊŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ŜŎƻƴƻƳƛŎ 

ŘŜǾŜƭƻǇƳŜƴǘ ŀǊŜ ΨƳǳǘǳŀƭƭȅ ŎƻƳǇŀǘƛōƭŜΩ όBaker, 2006). In 1972, 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. Interestingly, the 

conference organizers symbolically organized a 200-bicycle parade across Stockholm and en-

couraged conference participants to move around the city and venues on bicycles (Johnson, 

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

disturbed the markets and negatively affected the industrialized world highly dependent on 

cheap crude oil (/ŀƳǇōŜƭƭ ϧ [ŀƘŜǊǊŝǊŜΣ мффу). /ŀƳǇōŜƭƭ ϧ [ŀƘŜǊǊŝǊŜ όмффу) predicted that the 

sudden increases in prices are expected to be more frequent in the future and that the world 

needs to prepare for the post-oil economy due to decreasing reserves and fast-growing demand.  

It was in 1980 when Ψsustainable developmentΩ was picked by the mainstream with the 

publication of the World Conservation Strategy addressing ecological sustainability. The publi-

cation, however, neglected other present social and economic issues. This link was made in 1987 

by the Brundtland Commission Report, which connected economy, society and environment 
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(WCED, 1987) (today known as The three pillars of sustainability or Tripple Bottom Line Ap-

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

affect the other two pillars (Baker, 2006). The report is the origin of the most widely adopted 

ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ǿƘƛŎƘ ƛǎ άŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜ ƴŜŜŘǎ ƻŦ ǘƘŜ ǇǊŜπ

sent without compromising the ability of future generations to meet their own neeŘǎέ όWCED, 

1987Σ ǇΦ мсύΦ !ǎ ǎǳŎƘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ǊŜŎƻƎƴƛǎŜǎ ǘƘŀǘ ǘƘŜ άŎǳǊǊŜƴǘ ǇŀǘǘŜǊƴǎ ƻŦ ŜŎƻƴƻƳƛŎ ŘŜǾŜƭƻǇπ

ƳŜƴǘ ŀǊŜ ƴƻǘ ƎŜƴŜǊŀƭƛǎŀōƭŜέ ŀƴŘ ƛŦ ǿŜ ǿŀƴǘŜŘ ǘƻ ƎŜƴŜǊŀƭƛǎŜ ƛǘ ǘƻ ǘƘŜ ŜƴǘƛǊŜ ǇƻǇǳƭŀǘƛƻƴ ǘƻŘŀȅ 

that would destroy our ecological sources and sinks (Daly, 1990, p. 32). Human activities, such 

as fossil fuel extraction, agriculture industrialization, and consumption patterns, are pushing the 

9ŀǊǘƘΩǎ ǎȅǎǘŜƳ ƻǳǘ ƻŦ ǘƘŜ ǎǘŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎǘŀǘŜ ƻŦ ǿƘƛŎƘ ŀŎǘƛƻƴǎ ŎƻǳƭŘ ōŜ ƛǊǊŜǾŜǊǎƛōƭŜ ŀƴŘ 

catastrophic to the world (wƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΣ нллф). The boundaries of three earth system pro-

cesses have already been exceeded - climate change, rate of biodiversity loss and interference 

with the nitrogen cycle (wƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΣ нллф). Although the Brundtland report further devel-

oped the definition by specifying ǘƘŜ άŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ǘȅǇŜǎ ƻŦ ƴŜŜŘǎ ǿƘŜǊŜ ǘƘŜ 

ƴŜŜŘǎ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǇƻƻǊ ŀǊŜ ǘƻ ōŜ ǇǊƛƻǊƛǘƛȊŜŘ ŀƴŘ ƭƛƳƛǘŀǘƛƻƴǎ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ǎƻŎƛŀƭ ƻǊπ

ganisation to meet the needs of the present and future are to be ǊŜŎƻƎƴƛǎŜŘέ (WCED, 1987, p. 

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

ǘƘŜ άŦǳƭƭ ǇǊƻƎǊŀƳƳŜέ ǘƘŀǘ ǿŀǎ ŎƻƴŎŜǇǘǳŀƭƛȊŜŘ ōȅ .ǊǳƴŘǘƭŀƴŘ όBaker, 2006). 

As such, the need to reduce the needs and extravagant wants of our affluent societies 

(Daly, 1990; bŋǎǎΣ нллмύ ŀƴŘ ǘƘŜ ŦŀŎǘ ǘƘŀǘ άƎǊƻǿǘƘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ƴƻǊ ŘŜǎƛǊŀōƭŜ ƛƴ ŀƭƭ ŎƛǊŎǳƳπ

ǎǘŀƴŎŜǎέ ǿŜƴǘ ŀƭƳƻǎǘ ǳƴƴƻǘƛŎŜŘ όBaker, 2006, p. 21). As mentioned by Daly (1990, p. 35) if meet-

ing the needs of the present implies that each Chinese family of three owns a car then "sustain-

able development is impossibleέΦ Conflict arises also when considering the Ψlevel of communityΩ 

at which sustainability is to be sought ǿƘƛŎƘ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ άŎƻƳǇƭŜƳŜƴǘŀǊƛǘȅ ǾŜǊǎǳǎ substi-

tutability of the natural and human-ƳŀŘŜ ŎŀǇƛǘŀƭέ (Daly, 1990, p. 36). Substitutability is the as-

sumption that natural capital can be substituted for human-made capital. This can be demon-

strated through an example of importing lithium (natural capital) in return for the human-made 

capital (money). If one country is running short of local lithium reserves it can indeed solve this 

problem by importing lithium (natural capital) from another country in return for money (hu-

man-made 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 

complementary as the country exporting lithium had to make exact opposite choice (i.e., replac-

ing their lithium (natural capital) for money (human-ƳŀŘŜ ŎŀǇƛǘŀƭύύΦ Lƴ ŎƻƴŎƭǳǎƛƻƴ άƻƴŜ ŎƻǳƴǘǊȅΩǎ 

ability to substitute human-made for natural capital depends on some other couƴǘǊȅΩǎ ƳŀƪƛƴƎ 
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the opposite (complementary) choice (Daly, 1990, p. 36). More on substitutability versus com-

plementarity will also be discussed in Chapter 2.2.2. 

In conclusion, although the use of the ŎƻƴŎŜǇǘ ƻŦ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ Ƙŀǎ ōŜŜƴ 

adopted by the mainstream and incorporated into different development plans, its over exploi-

tation turned it into another buzzword that is very vague, ambiguous and inconsistent (Gud-

ƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффсΤ Tainter, 2006ύΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ŦǳǊǘƘŜǊ ŜƭŀōƻǊŀǘƛƻƴǎ ƻŦ Ψǎǳǎtainable 

ŘŜǾŜƭƻǇƳŜƴǘΩ ǎǘŀǊǘŜŘ ǘƻ ŜƳŜǊƎŜ ŀƴŘ ǎǇƭƛǘ ŀǇŀǊǘΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎŜŎǘƛƻƴ ŀŘŘǊŜǎǎŜǎ ǘǿƻ ŘƛǾŜǊƎƛƴƎ 

perspectives on sustainable development: strong- and weak sustainability. 

2.2.2 Different conceptions of sustainability  

Susan Baker (2006) ordered different models of sustainable development on a ladder 

ranging from the weakest to the strongest and ideal model of sustainable development. Alt-

ƘƻǳƎƘΣ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀƴŘ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ ǳƴǘƛƭ ƴƻǿ 

the two terms have a slightly different connotation. Therefore, it is important to also explain the 

difference between the two terms in addition to the differences and diverging points between 

weak and strong sustainability.  

As explained in the previous chapter, ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ Ƙŀǎ ōŜŜƴ ǇƻǇǳƭŀǊƛǎŜŘ 

through Brundtland Report (WCED, 1987) which focuses on solving the environmental problems 

through further development in a sustainable way which at the same time pursues environmen-

tal protection as well as continued economic growth (Washington, 2015). The two things are, 

ƘƻǿŜǾŜǊΣ ƴƻǘ ŎƻƳǇŀǘƛōƭŜ ōǳǘ ǊŀǘƘŜǊ Ƴǳǘǳŀƭƭȅ ŜȄŎƭǳǎƛǾŜ ŀǎ ΨƎǊƻǿǘƘΩ Ƙŀǎ ōŜŜƴ ǘƘŜ άǊƻƻǘ ŎŀǳǎŜ ƻŦ 

ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎǊƛǎƛǎέ όWashington, 2015, p. 363ύΦ ¢Ƙƛǎ ƛƳǇƭƛŜǎ ǘƘŀǘ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇπ

ƳŜƴǘΩ ƛǎ ŀƴ ƻȄȅƳƻǊƻƴΦ Although some scholars, such as Daly (1997), refer to ǘƘŜ ΨŘŜǾŜƭƻǇƳŜƴǘΩ 

as qualitative change rather than quantitative growth1, the mainstream pursues ongoing growth 

ǘƘǊƻǳƎƘ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ όWashington, 2015). Due to this ambiguity and vagueness of 

the definition of ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ǘƘŜ ǘŜǊƳ ōŜŎŀƳŜ άself-servingέ ŀǎ ƎƻǾŜǊƴƳŜƴǘǎ ŀƴŘ 

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

 

 
1 Daly (1997) argues that there is a point in time at which growth in scale produces more negative envi-
ǊƻƴƳŜƴǘŀƭ Ŏƻǎǘǎ ǘƘŀƴ ōŜƴŜŦƛǘǎ ŀǘ ǿƘƛŎƘ Ǉƻƛƴǘ άŀƴȅ ŦǳǊǘƘŜǊ ƎǊƻǿǘƘ ƳŀƪŜǎ ǳǎ ǇƻƻǊŜǊ ƛƴǎǘŜŀŘ ƻŦ ǿŜŀƭǘƘƛŜǊέ 
(1997, p. 110).  For this reason, he discredits quantitative growth and further throughput of resources and 
Ŏŀƭƭǎ ŦƻǊ άǊŜŘƛǎǘǊƛōǳǘƛƻƴΣ ǉǳŀƭƛǘŀǘƛǾŜ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǊŜǎƻǳǊŎŜ ǳǎŜέ όмффтΣ ǇΦ ммлύΦ 
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economic growth (Washington, 2015). Sustainability on the other hand is a broader concept that 

ŦƻŎǳǎŜǎ ƻƴ ǘƘŜ άƭƻƴƎ-ǘŜǊƳ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦƻǊ ŀƭƭ ŀǎǇŜŎǘǎ ƻŦ ǘƘŜ ƘǳƳŀƴ ŀƴŘ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘέΣ 

excludes the need for economic growth (i.e., GDP growth), acknowledges the problems we are 

currently facing, and acknowledges the ecological limits of the earth (Washington, 2015, p. 365), 

among others. For Washington (201рΣ ǇΦ отнύΣ ǘƘŜ ǘŜǊƳ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƛƳǇƭƛŜǎ ǘƘŜ ƴŜŜŘ ǘƻ ŦƛȄ 

ǘƘŜ ƴŜƎŀǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ ǘƘŜ άŜƴŘƭŜǎǎ ƎǊƻǿǘƘ ƳȅǘƘέΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǘƘŜǎƛǎ 

ǊŜŦŜǊǎ ǘƻ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ǊŀǘƘŜǊ ǘƘŀƴ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩΦ 

Weak Sustainability 

Weak sustainability has diverged from environmental economics, which is an extension 

of neoclassical economics (prevalent in economic schools today) the objective of which is to 

sustain the growth of the market economy (Baker, 2006; Wilson & Wu, 2016). Baker (2000, p. 

онύ ŀǎǎƻŎƛŀǘŜǎ ǘƘŜ ΨǿŜŀƪ ŀǇǇǊƻŀŎƘ ǘƻ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ǿƛǘƘ ǘƘŜ Blueprints by David Pearce (Pearce 

Ŝǘ ŀƭΦ мфуфύ ǿƘƛŎƘ ŎƭŀƛƳǎ ǘƘŀǘ άǘƘŜ ōŜǎǘ ǿŀȅ ǘƻ ǇǊŜǎŜǊǾŜ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ƛǎ ǘƻ ŀǎǎƛƎƴ ƛǘ ŀƴ ŜŎƻƴƻƳƛŎ 

ƻǊ ƳƻƴŜǘŀǊȅ ǾŀƭǳŜέΦ  

According to Joumard & Gudmundsson (2010, p. 57), the ǿŜŀƪ ŀǇǇǊƻŀŎƘ ǇŜǊŎŜƛǾŜǎ άƴŀǘπ

ural capital as part of the total capital which consists of (a) human-made capital (e.g., knowledge, 

know-how), (b) productive capital (e.g., productive goods, industrial goods), (c) social capital, 

and (d) natural capital (e.g., natural resources, natural goods, renewable versus non-renewable 

ǊŜǎƻǳǊŎŜǎύΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǿŜŀƪ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǇǇǊƻŀŎƘΣ ǘƘƻǎŜ ǘȅǇŜǎ ƻŦ ŎŀǇƛǘŀƭ ŀǊŜ άƳŜŀǎǳǊŀπ

ble and equivalent" (Joumard & Gudmundsson, 2010, p. 57) and natural capital can be substi-

tuted by other types of capital (Baker, 2006; Gudmundsson, 2010; Holland, 1997; Kerschner & 

hΩbŜƛƭƭΣ нлмрΤ {ǇŀǎƘΣ нлмтΤ ±ŀǘƴΣ нллфΤ ²ƛƭǎƻƴ ϧ ²ǳΣ нлмс). Because different types of capital 

are substitutable among each other, the natural capital may be consumed anŘ άǘǊŀƴǎŦƻǊƳŜŘέ 

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 of industrial 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, 1997) that make their production or consumption more efficient. Because 

ƻŦ ΨǘŜŎƘƴƛŎŀƭ ŎƘŀƴƎŜΩ ǿŜ ƘŀǾŜ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǊŜŘǳŎŜ ǘƘŜ άŀƳƻǳƴǘ ƻŦ ǇƘȅǎƛŎŀƭ ŎŀǇƛǘŀƭ ŀƴŘ ǊŜǎƻǳǊŎŜǎ 

ǊŜǉǳƛǊŜŘ ǘƻ ǇǊƻŘǳŎŜ ǘƘŜ ǳƴƛǘ ƻŦ ƻǳǘǇǳǘέ ό{ǘƛƎƭƛȊΣ мффтΣ ǇΦ мύ ŀƴŘ Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ƻǾŜǊŎƻƳŜ the 
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ǎŎŀǊŎƛǘȅ ƻŦ ǊŜǎƻǳǊŎŜǎΦ {ƛƳƛƭŀǊƭȅΣ {ƻƭƭƻǿ όмффтΣ ǇΦ мύ ŀǊƎǳŜǎ ǘƘŀǘ άǘƘŜǊŜ Ŏŀƴ ōŜ ǎƻƳŜ ŘƛǊŜŎǘ ǎǳōǎǘƛπ

tution of capital for resource inputs, when machinery reduces waste or allows us to use new 

ǘȅǇŜǎ ƻŦ ƳŀǘŜǊƛŀƭǎ ǘƘŀǘ ǿŜǊŜ ǇǊŜǾƛƻǳǎƭȅ ǳƴǳǎŀōƭŜέΦ  

Environmental 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 is strongly comparable and commensurable in monetary terms 

(Kerschner ϧ hΩbŜƛƭƭΣ нлмрΤ aǳƴŘŀΣ мффт). As such, weak sustainability does not believe in the 

intrinsic value ƻŦ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ǘƘŀǘ ƛǎ ǘƘŀǘ ΨƴŀǘǳǊŜΩ ƛǎ ǘƻ ōŜ ǇǊƻǘŜŎǘŜŘ ŀƴŘ ǇǊŜǎŜǊǾŜŘ per se but 

ǎŜŜǎ ƛǘ ŀǎ ΨǾŀƭǳŜ ŦǊŜŜΩ ƻǊ ΨǾŀƭǳŜ ƴŜǳǘǊŀƭΩ όBaker, 2006; Munda, 1997). 

Strong sustainability 

Strong sustainability diverges and disagrees with multiple paradigms of weak sustaina-

bility.  First, it rejects the idea of quantitative 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 precondition for human or economic development (Baker, 2006; 

YŜǊǎŎƘƴŜǊ ϧ hΩbŜƛƭƭΣ н015; Martinez-Alier et al., 1998; SANZ, 2009). Especially physical stocks 

that are considered non-substitutable should be preserved (Neumayer, 2013).  

On the contrary to weak sustainability, the ǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇŜǊǎǇŜŎǘƛǾŜ ƛǎ ǘƘŀǘ άƘǳπ

man-made and natural capital are complements, and therefore have to be maintained intact 

ōŜŎŀǳǎŜ ǘƘŜ ǇǊƻŘǳŎǘƛǾƛǘȅ ƻŦ ƻƴŜ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ŀǾŀƛƭŀōƛƭƛǘȅ ƻŦ ǘƘŜ ƻǘƘŜǊέ ό5ŀƭȅΣ мффтΣ ǇΦ рлύΦ 

Daly (1997, p. 50) supports this by assuming the opposite ς ƴŀƳŜƭȅΣ ǘƘŀǘ άŀŎŎǳƳǳƭŀǘƛƻƴ ƻf natu-

ral capital, as a near-perfect substitute of human-made capital, would be sufficient for our sur-

vival and there would be no reason to accumulate human-ƳŀŘŜ ŎŀǇƛǘŀƭέΦ ¢ƘƛǎΣ ƻŦ ŎƻǳǊǎŜΣ ƛǎ ŀ 

simple provocation aimed at proving that natural- and human-made capital are indeed comple-

ƳŜƴǘŀǊȅ ǘƻ ƻƴŜ ŀƴƻǘƘŜǊΦ 5ŀƭȅ όмффтΣ ǇΦ рмύ ŦǳǊǘƘŜǊ ǇǊƻǾƻƪŜǎ ōȅ ŀǎƪƛƴƎ ǿƘŀǘ άƎƻƻŘ ƛǎ ŀ ǎŀǿ-mill 

without forest, a fishing boat without populations of fish, a refinery without petroleum depo-

ǎƛǘǎΚέΦ ¢ƘǳǎΣ ŀǎ ǎƻƳŜ όŎǊƛǘƛŎŀƭύ ƴŀǘǳǊŀƭ capital is complementary, the sustainability is only at-

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

ǿŀǘŜǊΣ ŎŀǊōƻƴ ŘƛƻȄƛŘŜύ ŀǊŜ ƳŀƛƴǘŀƛƴŜŘ όYŜǊǎŎƘƴŜǊ ϧ hΩbŜƛƭƭΣ нлмрΤ aŀǊǘƛƴŜȊ-Alier et al., 1998; 

Neumayer, 2013; Vatn, 2009). 

¢ƘŜ ǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇŀǊŀŘƛƎƳ ŀƭǎƻ ŀƎǊŜŜŘ ǘƘŀǘ άƛŦ ŎǊƛǘƛŎŀƭ ƴŀǘǳǊŀƭ ŎŀǇƛǘŀƭ ƛǎ ǘƻ ōŜ 

used, then its regenerative capacity must not be exceeded so that their environmental functions 

ǊŜƳŀƛƴ ƛƴǘŀŎǘέ όNeumayer, 2013, p. 26). An example by Huetings and Reijnders (1998, p. 145, 
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cited in Neumayer, 2013ύ ƛǎ ǇǊƻǾƛŘŜŘΥ άthe rate of erosion of topsoil may not exceed the rate of 

ŦƻǊƳŀǘƛƻƴ ƻŦ ǎǳŎƘ ǎƻƛƭ ŘǳŜ ǘƻ ǿŜŀǘƘŜǊƛƴƎέΦ ¢Ƙŀǘ ƛǎ ōŜŎŀǳǎŜ ǊƛǎƛƴƎ ŎƻƴǎǳƳǇǘƛƻƴ όƛΦŜΦΣ ƛƴŎǊŜŀǎŜŘ 

maǘŜǊƛŀƭ ǿŜƭŦŀǊŜύ άŎŀƴƴƻǘ ŎƻƳǇŜƴǎŀǘŜ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ŦƻǊ ƛƴŎǊŜŀǎŜŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŜƎǊŀπ

dation, declining stock of directly utility-relevant renewable resources and a rising stock of pol-

ƭǳǘƛƻƴέ όbŜǳƳŀȅŜǊΣ нлмоΣ ǇΦ нтύΦ !ǎ {ǇŀǎƘ όмффоΣ ǇΦ мнтΣ ŎƛǘŜŘ ƛƴ bŜǳƳŀyer, 2013) put itΥ άŎƻƳπ

pensation does not licence society to pollute, provided the damages created are less than the 

ŀƳƻǳƴǘ ƻŦ ŎƻƳǇŜƴǎŀǘƛƻƴέΦ wŀǘƘŜǊ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ƘŀǾŜ ǘƘŜ ƛƴƘŜǊŜƴǘ ǊƛƎƘǘ ǘƻ ōŜ άŦǊŜŜ ƻŦ ƛƴπ

ǘŜǊƎŜƴŜǊŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŘŀƳŀƎŜǎέ όƛōƛŘΦύΦ It also recognises that economy is a subsystem 

of the global ecosystem and therefore limited in its expansion (i.e., indefinite economic growth 

is not possible) (Munda, 1997; Neumayer, 2013). 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 accepts weak comparability (i.e., the ability to compare different possibilities 

without using one single type of value) (Martinez-Alier et al., 1998; Munda, 1997) and therefore 

incommensurability ǿƘƛŎƘ ƛǎ άǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŀ ŎƻƳƳƻƴ ǳƴƛǘ ƻŦ ƳŜŀǎǳǊŜƳŜƴǘ ŀŎǊƻǎǎ ǇƭǳǊŀƭ Ǿŀƭπ

ues, entails a rejection of monetary reductionism but also any physical reductionism, but allows 

for different options to be weakly comparabƭŜ ǿƛǘƘƻǳǘ ŀŎǘǳŀƭƭȅ ǳǎƛƴƎ ŀ ǎƛƴƎƭŜ ǾŀƭǳŜέ όMartinez-

Alier et al., 1998, p. 280). It also acknowledges that the current understanding of the complexity 

of the natural environment is limited and that scientists, decision- or policymakers should adopt 

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

and managing risk (Baker, 2006).  

hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƳŜƴǘƛƻƴ ǘƘŀǘ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎ ƻŦ ΨǎǘǊƻƴƎƭȅ ŀōπ

ǎǳǊŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ǎŜŜ ōƻǘƘ ŀǇǇǊƻŀŎƘŜǎ ǘƻ sustainability mentioned above as essentially claim-

ƛƴƎ ǘƘŜ ǎŀƳŜ ǘƘƛƴƎΦ {ǘǊƻƴƎƭȅ ŀōǎǳǊŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŎƭŀƛƳǎ ǘƘŀǘ άƴŀǘǳǊŜ ƻǳƎƘǘ 

ƴƻǘ ǘƻ ōŜ ǎǳōǎǘƛǘǳǘŜŘ ŜǾŜƴ ǿƘŜǊŜ ƛǘ Ŏŀƴ ōŜ ǎǳōǎǘƛǘǳǘŜŘέ όHolland, 1997, p. 128).  

Different visualisations of weak- and strong sustainability 

The purpose of the following section is to simply point to the dangers of mainstream 

όŜΦƎΦΣ ōǳǎƛƴŜǎǎŜǎ ŀƴŘ ƎƻǾŜǊƴƳŜƴǘǎύ ŀŘƻǇǘƛƻƴ ƻŦ ŘƛŦŦŜǊŜƴǘ Ǿƛǎǳŀƭƛǎŀǘƛƻƴǎ ǊŜǇǊŜǎŜƴǘƛƴƎ Ψǎǳǎǘŀƛƴŀπ

ōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ǿƛǘƘƻǳǘ ŀƴȅ ŦǳǊǘƘŜǊ deeper elaboration. One of the most widespread visuali-

ǎŀǘƛƻƴǎ ǿƘŜƴ ǊŜŦŜǊǊƛƴƎ ǘƻ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ƛǎ ǘƘŜ ¢ƘǊŜŜ tƛƭƭŀǊǎ ƻŦ {ǳǎǘŀƛƴŀōƛƭƛǘȅΩ 

(see Figure 4) also ƪƴƻǿƴ ŀǎ ǘƘŜ Ψ¢ǊƛǇƭŜ .ƻǘǘƻƳ [ƛƴŜΩ όElkington, 2008) where economy, environ-

ment and society are seen as equally important pillars for the subsistence of the world (Heinrich-

.ǀƭƭ-Stiftung, 2021; Mulia et al., 2016; SANZ, 2009) or that economic development is necessary 

for environmental protection (Baker, 2006). However, the risk of adopting this visualisation is 
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the neglecting of the social and environmental pillars for the sake of economic development 

(economic pillar) (Mulia et al., 2016; SANZ, 2009; Wang, 2015), which is also known as the 

ΨaƛŎƪŜȅ-aƻǳǎŜ ŜŦŦŜŎǘΩ όsee Figure 4). Here the separatioƴ ƭŜŀŘǎ ǘƻ ŀǎǎǳƳǇǘƛƻƴǎ ǘƘŀǘ άǘǊŀŘŜ-offs 

Ŏŀƴ ōŜ ƳŀŘŜ ōŜǘǿŜŜƴ ǘƘŜ ǘƘǊŜŜ ǎŜŎǘƻǊǎΣ ƛƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ ǾƛŜǿǎ ƻŦ ǿŜŀƪ ǎǳǎǘŀƛƴŀōƛƭƛǘȅέ ǿƘŜǊŜ 

natural capital can be replaced or substituted by human-made capital (Giddings et al., 2002, p. 

189). This perspective underpins most global economic and political decision-making, is known 

ŀǎ Ψ.ǳǎƛƴŜǎǎ ŀǎ ¦ǎǳŀƭΩ όElkington, 2008; aǳƭƛŀ Ŝǘ ŀƭΦΣ нлмсύ ŀƴŘ ƻŦŦŜǊǎ ŀ άǘŜŎƘƴƛŎŀƭ ŦƛȄ ŀǇǇǊƻŀŎƘΣ 

such as pollution control or greenhouse trading, to sustainable development issues rather than 

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

ǇǊƻōƭŜƳǎέ όDƛŘŘƛƴƎǎ Ŝǘ ŀƭΦΣ нллнΣ ǇΦ муфύΦ ¢ƘŜ ǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƛǎ ƛƴ ŦŀŎǘ άŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ 

triple-bottom-line definition as it aims to achieve a balanŎŜ ŀƳƻƴƎ ǘƘŜ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴǎέ Wu 

(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) (Giddings et al., 2002; Mulia et al., 2016; Wang, 2015) 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 of capital. The strong 

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

omy are nested within the environment. 

 

FIGURE 4: THE FOUR (ECOSYSTEM) FUNCTIONS WITHING Ψ/OPLEX-ADAPTIVE SYSTEMΩ PROPOSED BY HOLLING (2001, P. 
394). 
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2.3 Resilience  

The following chapter provides an overview of different conceptualisations of resilience. This 

is important because those theories provide the foundation for understanding and assess-

ment of different resilience theories in the context of the urban transport system and provide 

the foundation for identification of indicators of a resilient urban transport system (see Sec-

tion 3.5 Resilience of transport in urban areas). The theories on resilience are also important 

for understanding on how resilience is connected to sustainability which is discussed in Chap-

ter 3.3 Resilience and sustainability. The interconnections among the topics have also been 

presented in Figure 2: Conceptual Framework. 

Introduction to the concept of Resilience 

The word resilience, derived ŦǊƻƳ ǘƘŜ [ŀǘƛƴ ǿƻǊŘ ΨǊŜǎƛƭƛǊŜΩ, was first used in (technologi-

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 areas, it is necessary to look at its 

different definitions. Three main conceptualisations have been identified across the literature: 

engineering resilience, ecological resilience and evolutionary (also called socio-ecological sys-

tems resilience) (Nunes et al., 2019).  

¢ƘŜ ǇǊŜǾŀƭŜƴǘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǊŜǎƛƭƛŜƴŎŜΣ ǿƘƛŎƘ ǿŀǎ ƭŀǘŜǊ ƭŀōŜƭƭŜŘ ŀǎ ΨŜƴƎƛƴŜŜǊƛƴƎ ǊŜǎƛƭƛŜƴŎŜΩ 

ōȅ /Φ {Φ IƻƭƭƛƴƎ όмфтоύΣ ŀŘƻǇǘǎ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ǘƘŀǘ ƻƴƭȅ ƻƴŜ ǎǘŀǘŜ ƻǊ ΨǇǊŜ-ŜȄƛǎǘƛƴƎ ŜǉǳƛƭƛōǊƛǳƳΩ ƛǎ 

desirable (Nunes et al., 2019) and makes an ŀǎǎǳƳǇǘƛƻƴ ƻŦ ΨƎƭƻōŀƭ ǎǘŀōƛƭƛǘȅΩ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ 

ƻƴƭȅ ƻƴŜ ǎǘŜŀŘȅ ǎǘŀǘŜ ŜȄƛǎǘǎ ŀƴŘ ŀƭƭ ƻǘƘŜǊ ŜǉǳƛƭƛōǊƛŀ ǎƘƻǳƭŘ ōŜ άŀǾƻƛŘŜŘ ōȅ ŀǇǇƭȅƛƴƎ ǎŀŦŜƎǳŀǊŘǎέ 

(Gunderson, 2000, p. 426). For a long time, the focus has primarily been on this stability main-

taining the syǎǘŜƳ ƛƴ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ǿƘƛŎƘ IƻƭƭƛƴƎ όмфтоΣ ǇΦ мпύ ŘŜŦƛƴŜǎ ŀǎ ǘƘŜ άŎŀǇŀŎƛǘȅ ƻŦ ŀ 

ǎȅǎǘŜƳ ǘƻ ǊŜǘǳǊƴ ǘƻ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ ŀŦǘŜǊ ǘƘŜ ŘƛǎǘǳǊōŀƴŎŜ ǘŀƪŜǎ ǇƭŀŎŜέ ǿƘŜǊŜ άǘƘŜ ŦŀǎǘŜǊ ǘƘŜ 

system returns to equilibrium and the less it fluctuates the more stable a system ƛǎέ όIƻƭƭƛƴƎΣ 

мфтоΣ ǇΦ мтύΦ ¢ƘŜ ŦƻŎǳǎ ƻŦ ŜƴƎƛƴŜŜǊƛƴƎ ǊŜǎƛƭƛŜƴŎŜ ƛǎ ǘƘŜǊŜŦƻǊŜ ǘƻ Ƴŀƛƴǘŀƛƴ άŜŦŦƛŎƛŜƴŎȅ ƻŦ ŦǳƴŎǘƛƻƴΣ 

constancy of the system, and the predictable world near a single steady-ǎǘŀǘŜέ όCƻƭƪŜΣ нллсΣ ǇΦ 

256).  
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However, in his work Holling (1973, p. мтύ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŀǘ ǘƘŜ άǎȅǎǘŜƳ Ŏŀƴ ōŜ ǾŜǊȅ 

ǊŜǎƛƭƛŜƴǘ ŀƴŘ ǎǘƛƭƭ ŦƭǳŎǘǳŀǘŜ ƎǊŜŀǘƭȅ όƛΦŜΦΣ ƘŀǾŜ ƭƻǿ ǎǘŀōƛƭƛǘȅύέ ǘƘǊƻǳƎƘ ŀƴ ŜȄŀƳǇƭŜ ƻŦ ǎǇǊǳŎŜ ōǳŘπ

worm outbreaks. Furthermore, he argues that as the populations and economies continue to 

grow, so does the consumption 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 

ǘƘŜ ǎȅǎǘŜƳ ƛƴǘƻ ŀ ǎǘŀǘŜ ƻŦ άƳǳƭǘƛǇƭŜ ǎǘŀōƛƭƛǘȅ ŘƻƳŀƛƴǎέΦ ¢Ƙƛǎ ƘƻƭŘǎ ǘǊǳŜ ŦƻǊ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘŀte of 

the world, as our system has been operating outside of the equilibrium since the start of the 

!ƴǘƘǊƻǇƻŎŜƴŜ όwƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΣ нллфύ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŎƻƴǘǊŀŘƛŎǘǎ ǘƘŜ ΨŜƴƎƛƴŜŜǊƛƴƎΩ ƴŀǊǊŀǘƛǾŜΦ 

This conceptualisation of resilience, where the focus is on the ability of a system to withstand 

different shocks and not only resist the change but to also move into another state was termed 

ΨŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜΩΦ /ƻƴǘǊŀǊȅ ǘƻ ŜƴƎƛƴŜŜǊƛƴƎ ǊŜǎƛƭƛŜƴŎŜΣ ŜŎƻƭƻƎƛŎŀƭ ǊŜǎƛƭƛŜƴŎŜ ŀŎƪƴƻǿƭŜŘƎŜǎ 

ǘƘŀǘ άƳǳƭǘƛǇƭŜ ǎǘŀōƛƭƛǘȅ ŘƻƳŀƛƴǎέ ŜȄƛǎǘ ǿƘŜǊŜ ǘƘŜ άŘƛǎǊǳǇǘƛƻƴǎ ƘŀǾŜ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ŎƘŀƴƎŜ ŀ ǎȅǎπ

ǘŜƳ ƛƴǘƻ ŀƴƻǘƘŜǊ ǎǘŀōƭŜ ŘƻƳŀƛƴ ƻǊ ǊŜƎƛƳŜ ƻŦ ōŜƘŀǾƛƻǳǊέ όbǳƴŜǎ Ŝǘ ŀƭΦΣ нлмфΣ ǇΦ пнрύΦ IƻƭƭƛƴƎ 

όмффсΣ ǇΦ ооύ ǊŜŦŜǊǊŜŘ ǘƻ ǘƘƛǎ ŀǎ ǘƘŜ άƳŀƎƴƛǘǳŘŜ ƻŦ ǘƘŜ ŘƛǎǘǳǊōŀƴŎŜ ǘƘŀǘ Ŏŀƴ ōŜ ŀōǎƻǊōŜŘ ōŜŦƻǊŜ 

the ǎȅǎǘŜƳ ŎƘŀƴƎŜǎ ƛǘǎ ǎǘǊǳŎǘǳǊŜέΦ  

.ƻǘƘ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ǊŜǎƛƭƛŜƴŎŜ ƛƳǇƭȅ ǘƘŀǘ ǘƘŜ ǎȅǎǘŜƳ ƛǎ ΨǎǘŀǘƛŎΩ ŀƴŘ ǘƘŀǘ άƻƴŎŜ ǘƘŜ ƭŀƴŘπ

ǎŎŀǇŜ ƛǎ ŘŜŦƛƴŜŘ ƛǘ ǊŜƳŀƛƴǎ ŦƛȄŜŘ ƻǾŜǊ ǘƛƳŜέ όDǳƴŘŜǊǎƻƴΣ нлллΣ ǇΦ пнуύΦ Lƴ ƻǘƘŜǊ ǿƻǊŘǎΣ ǿƘƛƭŜ ǘƘŜ 

landscape of the system will not change, 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-

inition oŦ ǊŜǎƛƭƛŜƴŎŜ ŀǊƻǎŜ ŀǎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǇǊƻǾŜŘ ǘƘŀǘ ǎƻƳŜǘƛƳŜǎ ǎȅǎǘŜƳǎ ŀǊŜ ŀƭǎƻ άŘȅƴŀƳƛŎ ŀƴŘ 

ǾŀǊƛŀōƭŜέ όDǳƴŘŜǊǎƻƴΣ нлллΣ ǇΦ пнуύΦ ¢ƘŜ ŎƻƴŎŜǇǘ ƻŦ ǊŜǎƛƭƛŜƴŎŜ Ƙŀǎ ōŜŜƴ ŀǇǇƭƛŜŘ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ 

ƻŦ ΨŎƻƳǇƭŜȄ ŀŘŀǇǘƛǾŜ ǎȅǎǘŜƳǎΩ ŀƴŘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜǎƛǎǘ Řƛsruptions, self-organize, 

ƭŜŀǊƴ ŀƴŘ ŀŘŀǇǘέ όCƻƭƪŜ Ŝǘ ŀƭΦΣ нллнΣ ǇΦ пноύΦ 5ǳŜ ǘƻ ǘƘŜ ƴŜƎŀǘƛǾŜ ƛƴŦƭǳŜƴŎŜ ǘƘŀǘ ƘǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ 

have had on the biosphere since Industrial Revolution, scientists termed this new geologic era 

ǘƘŜ !ƴǘƘǊƻǇƻŎŜƴŜ όwƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΣ нллфύΦ ²ƘƛƭŜ ǇŜƻǇƭŜ ŘǊƛǾŜ ǘƘŜ ǇǊŜǎǎǳǊŜǎ ƻƴ ǘƘŜ ΨǇƭŀƴŜǘŀǊȅ 

ōƻǳƴŘŀǊƛŜǎΩ ŀƴŘ ōƛƻǎǇƘŜǊŜΣ ǘƘŜȅ ŎƻƴǘƛƴǳŜ ǘƻ ǊŜƭȅ ƻƴ ƛǘǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŜǊǾƛŎŜǎ ŀƴŘ ƎƻƻŘǎΦ ¢ƻ 

consider the complex landscape constituting of multiple interconnected systems and elements, 

the scientists began discussing resilience in the context of social-ecological 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, social-ecological resilience όŀƭǎƻ ŎŀƭƭŜŘ ΨŜǾƻƭǳǘƛƻƴŀǊȅ ǊŜǎƛƭƛŜƴŎŜΩύ ŘƛŦŦŜǊǎ ŦǊƻƳ ǘƘŜ 

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 resilience of a system is related to 

ƛǘǎ ŀōƛƭƛǘȅ ǘƻ άŀōǎƻǊō ŘƛǎǘǳǊōŀƴŎŜ ŀƴŘ ǊŜƻǊƎŀƴƛȊŜ ǿƘƛƭŜ ǳƴŘŜǊƎƻƛƴƎ ŎƘŀƴƎŜ ǎƻ ŀǎ ǘƻ ǎǘƛƭƭ ǊŜǘŀƛƴ 

ŜǎǎŜƴǘƛŀƭƭȅ ǘƘŜ ǎŀƳŜ ŦǳƴŎǘƛƻƴΣ ǎǘǊǳŎǘǳǊŜΣ ƛŘŜƴǘƛǘȅ ŀƴŘ ŦŜŜŘōŀŎƪέ ό²ŀƭƪŜǊ Ŝǘ ŀƭΦΣ нллпΣ ǇΦ нύ ƻǊ ǘƻ 

άŘŜǎŎǊƛōŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ŀŘŀǇǘ ŀƴŘ ǊŜǎǇƻƴŘ ǘƻ ŎƘŀƴƎƛƴƎ ŘȅƴŀƳƛŎǎέ όbǳƴŜǎ Ŝǘ ŀƭΦΣ нлмфΣ 

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., 2002; Folke, 2006). In 

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

son, the resilience of social-ŜŎƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎ ό{9{ύ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ŦƻƭƭƻǿǎΥ άόŀύ ǘƘŜ ƳŀƎƴƛǘǳŘŜ ƻŦ 

shock that the system can absorb and remain within a given state, (b) the degree to which the 

system is capable of self-organization, and (c) the degree to which the system can build capacity 

ŦƻǊ ƭŜŀǊƴƛƴƎ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴέ όCƻƭƪŜ Ŝǘ ŀƭΦΣ нллнΣ ǇΦ тΤ Folke, 2006, p. 259). Thus, resilience, adapt-

ability and transformability are the three attributes of SES resilience (Folke et al., 2010; Walker 

et al., 2004).  

Adaptability όƻǊ ΨŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅΩύ ƛǎ ǘƘŜ άŎŀǇŀŎƛǘȅ ƻŦ ŀŎǘƻǊǎ ƛƴ ǘƘŜ ǎȅǎǘŜƳ ǘƻ ƛƴŦƭǳŜƴŎŜ 

ǊŜǎƛƭƛŜƴŎŜέ ό²ŀƭƪŜǊ Ŝǘ ŀƭΦΣ нллпΣ ǇΦ оύ ƻǊ ǘƘŜ άŀōƛƭƛǘȅ ǘƻ ƎŜƴŜǊŀǘŜ ƴŜǿ ǿŀȅǎ ƻŦ ƻǇŜǊŀǘƛƴƎέ όbǳƴŜǎ 

et al., 2019, p. 425). The actions, which influence 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-

ƳŜƴǘǎ ǘƻ άƭŜŀǊƴΣ ŎƻƳōƛƴŜ ŜȄǇŜǊƛŜƴŎŜ ŀƴŘ ƪƴƻǿƭŜŘƎŜέΣ ŀǎ ǿŜƭƭ ŀǎ ǘƻ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ Ƴŀƛƴǘŀƛƴ ŎƻǊŜ 

processes within the system despite the evolving external drivers and internal activities (Folke 

et al., 2010, p. 3). Another attribute is transformabilityΣ ǿƘƛŎƘ ƛǎ ǘƘŜ άŎŀǇŀŎƛǘȅ ǘƻ ŎǊŜŀǘŜ ŀ Ŧǳƴπ

damentally new system when ecological, economic, or social structures make the existing sys-

ǘŜƳ ǳƴǘŜƴŀōƭŜέ ό²ŀƭƪŜǊ Ŝǘ ŀƭΦΣ нллпΣ ǇΦ оύΦ Transformability of systems is important in situations, 

ǿƘŜǊŜ ƛǘ ƳƛƎƘǘ ōŜ ǳƴŘŜǎƛǊŀōƭŜ ǘƻ Ƴŀƛƴǘŀƛƴ ǘƘŜ Ψǎǘŀǘǳǎ-ǉǳƻΩ ŘǳŜ ǘƻ ƴŜƎŀǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ ƻŦ 

ǇǊŜǎŜƴǘ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ǎǘǊǳŎǘǳǊŜǎΦ 9ǾŜƴ ƳƻǊŜΣ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ǎǳǎǘŀƛƴƛƴƎ ǘƘŜ Ψǎǘŀǘǳǎ-ǉǳƻΩ 

might intensify the 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 

ǊŜǎǳƭǘ ƛƴ ŎƻƴǎŜǉǳŜƴŎŜǎ ǘƘŀǘ ŀǊŜ ƴƻǘ Ŧǳƭƭȅ ŀŎŎƻǳƴǘŜŘ ŦƻǊ όwƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΣ нл09). Hence, a resili-

Ŝƴǘ ǎȅǎǘŜƳ ǘƘŀǘ ǊŜŎƻƎƴƛǎŜǎ ŎǊƛǎŜǎ ŀǎ ŀ άǿƛƴŘƻǿ ƻŦ ƻǇǇƻǊǘǳƴƛǘȅ ŦƻǊ ƴƻǾŜƭǘȅ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴέ όCƻƭƪŜ 

et al., 2010, p. 7) must also possess the transformative capacity to change the current landscape 

(i.e., status quo) into a new, stable one (Folke, 2006, p. 262; Folke et al., 2010; Walker et al., 
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нллпΣ ǇΦ сύΦ ¢ƘŜ {9{ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǊŜǎƛƭƛŜƴŎŜΣ ǘƘŜǊŜŦƻǊŜΣ ŎƻƳōƛƴŜǎ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴǎ ōŜǘǿŜŜƴ άǇŜǊπ

ǎƛǎǘŜƴŎŜΣ ŀŘŀǇǘŀōƛƭƛǘȅ ŀƴŘ ǘǊŀƴǎŦƻǊƳŀōƛƭƛǘȅ ŀŎǊƻǎǎ ǇƘȅǎƛŎŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ōƻǳƴŘŀǊƛŜǎέ όbǳƴŜǎ Ŝǘ 

al., 2019, p. 425). 

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

ŀŎǊƻǎǎ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǳǎŜ ǘƘŜ Ψōŀƭƭ ƛƴ ǘƘŜ ōŀǎƛƴΩ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴΦ In Picture 1A), the slopes of the 

landscape represent the stability of the system where a system that is resilient will return to the 

basin as quickly as possible after the disruption takes place (engineering resilience) (Gunderson, 

2000). Picture 1B) depicts a landscape with multiple basins (i.e., stability domains) where the 

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

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

one basin into another while still main-

taining its function. The third option (Pic-

ture 1C)) ƛǎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŀ ǎȅǎǘŜƳ ǘƻ άǊŜπ

main in a stability domain, as the shape of 

ǘƘŜ ŘƻƳŀƛƴ ŎƘŀƴƎŜǎέ όDǳƴŘŜǊǎƻƴΣ нлллΣ 

ǇΦ пнтύΦ ¢Ƙƛǎ ΨŀŘŀǇǘƛǾŜ ŎŀǇŀŎƛǘȅΩ ƻŦ ŀ ǎȅǎπ

tem implies that the system is constantly 

changing and its resilience is derived from 

its ability to adapt to these changes and 

still remain in the equilibrium (Gunder-

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 resilience prepares 

the system with the capacity to react to the disruption while maintaining its function, vulnera-

bility makes it susceptible to impacts leading to devastating consequences (Folke et al., 2002). 

Put differently, while increasing vulnerability reduces resilience and can therefore have devas-

tating effects, resilience provides an opportunity for development and innovation (Folke et al., 

2002, p. 13; Folke, 2006). 

  

PICTURE 1: BALL IN THE BASIN REPRESENTATION OF DIFFERENT TYPES 

OF RESILIENCE (SOURCE: GUNDERSON, 2000, P. 427). 
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2.4 Recent literature on the impacts of COVID-19 on transport in urban 

areas 

The following chapter provides a review of most recent literature on the effects the COVID-

19 pandemic had on transport in urban areas with a specific focus on bicycling. This section is 

important because it provides an overall context of this master thesis and sets it within a 

specific timeframe. It also helped define the research question and structure of the thesis in 

addition to providing the insights on how other urban areas around the world reacted to the 

disruption (i.e., COVID-19 pandemic) and what role bicycling had during those times (see Fig-

ure 2: Conceptual Framework). 

The severe impacts of the COVID-19 pandemic were not spared to any areas around the 

world. Transport has been one of the sectors hit the hardest by the pandemic (Gkiotsalitis & 

Cats, 2020; Ellen MacArthur Foundation, 2020; European Commission, 2020b). Local authorities 

reacted to the crisis by restricting and reducing the mobility of citizens for which reason the 

mobility patterns completely changed and significantly decreased during the pandemic (Inter-

national Transport Forum, 2020; POLIS & Rupprecht Consult, 2021). Across European cities, the 

ridership has decreased by 80% since January 2020 (Serafimova, 2020) and in some countries, 

public transport services have been suspended completely (International 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 reducing the 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 walking (Serafimova, 2020). The follow-

ing section, therefore, provides an overview of the impact that the COVID-19 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 virus, 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 spaces (POLIS & Rupprecht Consult, 2021). That 

significantly impacted the transport sector and resulted in a decrease in ridership on public 

transport by 70 ς 90% in urban areas around the world (Ellen MacArthur Foundation, 2020) and 
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by 50 ς 90% at the peak of virus infections (Gkiotsalitis & Cats, 2020). Due to the impact of the 

ǇŀƴŘŜƳƛŎΣ ǘƘŜ ƻǇŜǊŀǘƻǊǎ ƻŦ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ƘŀŘ άǘƻ ŜƴǎǳǊŜ ƳƻǊŜ ŦǊŜǉǳŜƴǘ ŎƭŜŀƴƛƴƎ ŀƴŘ Řƛǎƛƴπ

fection of vehicles and surfaces, temperature checks for staff (and for passengers in some 

places), improving the ventilation of facilities and vehicles, closure of waiting rooms at stations, 

ǇƘȅǎƛŎŀƭ ŘƛǎǘŀƴŎƛƴƎ ŀƴŘ ΨŎƘŜǎǎ ōƻŀǊŘΩ ǎŜŀǘ ƳŀǊƪƛƴƎ ƻƴ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘΣ ǳǎƛƴƎ ŦŀŎŜ ƳŀǎƪǎΣ Ƴŀƛƴπ

ǘŀƛƴƛƴƎ ƘȅƎƛŜƴŜΣ ǎŀƴƛǘŀǘƛƻƴ ŀƴŘ ǾŜƴǘƛƭŀǘƛƻƴέ όGkiotsalitis & Cats, 2020, p. 377; POLIS & Rupprecht 

Consult, 2021, p. 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 costs (Gkiotsalitis & Cats, 2020). On 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 active (Ellen MacArthur Foundation, 2020). However, 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 vehicles (Heinrich-.ǀƭƭ-Stiftung, 2021; Pase et 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 resulted in a 57% decrease in urban mobility, 

80% reduction in trips made by public transport and consequently higher rates of car usage 

(Bucsky, 2020). Another research showed that physical distancing practised during a pandemic 

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

and due to home delivery giving a boost to online retail (Ellen MacArthur Foundation, 2020). 

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

Europe mentioned, that they will use public transport less frequently in the post-COVID-19 world 

and rather opt for walking, cycling or driving on their own vehicles (Bert et al., 2020). Further-

more, 80% of upper-income, 60% of middle-income and 44% of lower-income surveyed individ-

uals in China2 are more likely to purchase a car after the pandemic (Bert et al., 2020). 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, have not actually resulted in different travel patterns 

but rather increased innovation, security and cleaning standards (Gkiotsalitis & Cats, 2020, p. 

 

 
2 It is important to note that that could also be the result of lower ownership of cars compared to the EU 
ŀƴŘ ¦{!Σ ŎǳƭǘǳǊŀƭ ŘƛŦŦŜǊŜƴŎŜǎ ǿƘŜǊŜ ŎŀǊ ƻǿƴŜǊǎƘƛǇ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ΨŀǎǇƛǊŀǘƛƻƴŀƭ ǇǳǊŎƘŀǎŜΩ όƛΦŜΦΣ ΨǊƛǘǳŀƭ 
ƎƻƻŘΩύΣ ŀƴŘ ŘǳŜ ǘƻ ǎǘǊƛŎǘŜǊ ǇŀƴŘŜƳƛŎ ƳŜŀǎǳǊŜǎ ŎƻƳǇŀǊŜŘ ǘƻ ƻǘƘŜǊ ǊŜƎƛƻƴǎ ƛƴ ǘƘŜ ǿƻǊƭŘ όƛΦŜΦΣ ǿƘŜƴ ǇǳōƭƛŎ 
transport was restricted in China only those with cars were able to move around) (Bert et al., 2020). 
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385). Regardless of the scenario, urban areas have to prepare for future uncertainties and dis-

ruptions and decrease their environmental impact. The question of how urban transport should 

develop post-COVID-19 remains present. Thus, the following section addresses how the pan-

demic affected bicycling and what role it played during times of uncertainty. 

Impacts of the COVID-19 pandemic on bicycling 

¢ƘŜ άƭƻǎǎ ƻŦ ŎƻƴŦƛŘŜƴŎŜ ƛƴ ǇǳōƭƛŎ ǘǊŀƴǎƛǘΣ ŎƭƻǎƛƴƎǎ ƻŦ ǎŎƘƻƻƭǎ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭ ŦŀŎƛƭƛǘƛŜǎΣ 

an urgent need to reduce traffic injuries in order to lessen burdens on the hospital, and dramatic 

ǊŜŘǳŎǘƛƻƴǎ ƛƴ ŘǊƛǾƛƴƎέ όCombs & Pardo, 2021, p. 1) have contributed 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 uncertainty (Caggiani & Camporeale, 2021; Heinrich-.ǀƭƭ-Stiftung, 

нлнмΤ YǳōŀƯłƪ Ŝǘ ŀƭΦΣ нлнмΤ h9/5Σ нлнлΤ Teixeira et al., 2021). Although the overall mobility rates 

decreased everywhere, cycling has experienced the lowest drop in ridership, increase the aver-

age trip duration and recovered faster compared to other modes (Combs & Pardo, 2021; Teixeira 

et al., 2021). According to EcoCounter, the overall bike counts in the EU increased by 8% during 

weekdays and by 23% on the weekends in 2020 compared to 2019 (Chapalain, 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 Confederation 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 2024 (CIE, 2020).  

Governments played an important role in the promotion of cycling during the pandemic 

as 95.6% 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 pandemic (Combs & Pardo, 2021). Although the transport sec-

tor is very intolerant to changes (i.e., especially pedestrian and cycling projects are usually time-

consuming), the governments had to react quickly, implement projects and provide new solu-

tions (POLIS & Rupprecht Consult, 2021ύΦ ¢ƘŜȅ ƘŀŘ ǘƻ ŎƘŀƴƎŜ ǘƘŜ ΨǇŀŎŜΣ ǳǊƎŜƴŎȅΣ ŀƴŘ ǇǊƛƻǊƛǘȅΩ ƻŦ 

creating safe spaces for modes that enabled physical distancing such as walking and cycling 

(Combs & Pardo, 2021) and the implementation of temporary or permanent cycling measures 

(Heinrich-.ǀƭƭ-Stiftung, 2021; POLIS & Rupprecht Consult, 2021).  Most of those responses were 

implemented in less than five months (Combs & Pardo, 2021) which displayed adaptive capacity 

which is one of the reactions of complex-adaptive systems in times of disruption.  
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As mentioned, the pandemic had a positive effect on the implementation of new 

transport infrastructure (Heinrich-.ǀƭƭ-Stiftung, 2021; OECD, 2020; POLIS & Rupprecht Consult, 

2021). The research by Combs & Pardo (2021) has found that the most frequent response in 

cities was  Ψǘƻ ŎǳǊō ǎǇŀŎŜ ǊŜŀƭƭƻŎŀǘƛƻƴΩ ǿƘƛŎƘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǊŜŀƭƭƻŎŀǘŜŘ ŎǳǊō ǎǇŀŎŜ ƴƻǘ ƛƴŎƭǳŘƛƴƎ 

ǘǊŀŦŦƛŎ ƻǊ ǇŀǊƪƛƴƎ ƭŀƴŜǎ ǘƻ ǿŀƭƪƛƴƎ ŀƴŘ ŎȅŎƭƛƴƎέ όCombs & Pardo, 2021, p. 7). Other types of re-

sponses were "full-street or partial-street closures for active mobility or commerce; legal, policy, 

enforcement or funding changes; automation of walk signals and reallocation of non-street 

space such as sidewalks, parks and off-street parking to walking, cycling or outdoor commerce 

(e.g., gastronomy)" (Combs & Pardo, 2021, p. 7). Furthermore, the research found that almost 

ƘŀƭŦ ƻŦ ǘƘŜ ǊŜŀŎǘƛƻƴǎΣ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴ ǘƘŜȅ ǇǊƻǾƛŘŜΣ ǿŜǊŜ ǘƻ ǇǊƻǾƛŘŜ ΨǎǘǊŜŜǘ ǎǇŀŎŜ ŦƻǊ 

pedestrians and cyclisǘǎΦ hǘƘŜǊ ŎƘŀƴƎŜǎ ƛƴǾƻƭǾŜ Ψǿŀƭƪ ǎƛƎƴŀƭ ŀǳǘƻƳŀǘƛƻƴΣ ǎǇŜŜŘ ƭƛƳƛǘ ǊŜŘǳŎǘƛƻƴǎΣ 

signal timing adjustments, creation of new off-street recreational space, and changes to laws to 

ŜȄǇŀƴŘ ǇǊƻǘŜŎǘƛƻƴǎ ƻŦ ǊƛƎƘǘǎ ǘƻ ǇŜŘŜǎǘǊƛŀƴǎ ŀƴŘ ŎȅŎƭƛǎǘǎΩ ŀƴŘ ƭŀǎǘƭȅ ΨŜȄǇŀƴŘƛƴƎ ŀŎŎŜǎǎ ǘƻ ōƛŎȅŎƭŜǎΩ 

through subsidization of shared cycling infrastructure, bicycle ownership and expansion of bicy-

cle parking facilities (Combs & Pardo, 2021). Redistribution of street space (e.g., closing streets 

to motorized vehicles) and provisional bike infrastructure (e.g., pop-up bike lanes) (Bert et al., 

2020; International Transport Forum, 2020; Kraus & Koch, 2021; POLIS & Rupprecht Consult, 

2021) took place in multiple countries. In the cities across the EU, 2,000 km of cycling infrastruc-

ture has been announced (Kraus & Koch, 2021) and more than 150 cities around the world al-

ready implemented emergency cycling and walking infrastructure in April 2020 (International 

Transport Forum, 2020). Analysis by Kraus & Koch (2021) of the daily 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 average 11.5 km of pro-

visional pop-up bike lanes have been built. This increased cycling rates between 11 ς 48% on 

average (Kraus & Koch, 2021). Furthermore, 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 acquired during the pandemic (Kraus & Koch, 2021). In the promotion of cycling, 

delivering safe and enjoyable cycling conditions through improved cycling infrastructure (CIE, 

2020ύ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ƻŦŦŜǊƛƴƎ ŘƛŦŦŜǊŜƴǘ ƛƴŎŜƴǘƛǾŜǎ ǎǳŎƘ ŀǎ ΨǎǇŜŎƛŀƭ ǎǳōǎƛŘȅ ǎŎƘŜƳŜǎΩ (Heinrich-

.ǀƭƭ-Stiftung, 2021) were very important. 

Another study by Buehler & 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 considerable increase 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 post-COVID-19 due 
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to άόŀύ ŜȄǇŀƴǎƛƻƴ ŀƴŘ ƛƳǇǊƻǾŜƳŜƴǘ ƻŦ ǇǊƻǘŜŎǘŜŘ ŎȅŎƭƛƴƎ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ ǿƘƛŎƘ ŜƴǎǳǊŜŘ ōŜǘǘŜǊ 

cycling conditions for citizens, (b) higher accessibility of bicycles due to considerable growth in 

bicycle sales, (c) change in habits and familiarity with cycling, (d) changed 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 by ensuring that the on-road cycling lanes are protected, increasing 

the number of car-free streets, and shared streets or reducing the speed limits in some areas 

(Buehler & Pucher, 2021). According to another survey of 5,000 residents of major cities in the 

USA, China, and Western Europe, the use of privately owned bikes and e-scooters increased in 

ŀƭƭ ǎǳǊǾŜȅŜŘ ǊŜƎƛƻƴǎ ŀǎ ōƛŎȅŎƭƛƴƎ ǇǊƻǾƛŘŜŘ άŀ ǿŀȅ ǘƻ ŀǾƻƛŘ ŎƻƴǘŀŎǘ ǿƛǘƘ ƻǘƘŜǊǎΣ ƘŜŀƭǘƘ ŀƴŘ Ŏƻƴπ

venient alternative and the opportunity to be outdoors where the risk ƻŦ ƛƴŦŜŎǘƛƻƴ ƛǎ ƳƛƴƛƳŀƭέ 

(Bert et al., 2020, p. 2). As a result of the increased popularity of cycling during the pandemic, 

many cities are starting to promote cycling as their preferred mobility option in the post-COVID-

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

(OECD, 2020). 

The results of the study in the UK (Li et al., 2021ύ ǎƘƻǿŜŘ ŀƴ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘ ƛƴ Ψ[ƻƴŘƻƴ 

/ȅŎƭŜ IƛǊŜΩ ǳǎŀƎŜ ǊŀǘŜǎΣ ŀŦǘŜǊ ǘƘŜ ƛƴƛǘƛŀƭ ŘǊƻǇ ŎŀǳǎŜŘ ōȅ ǘƘŜ ƭƻŎŀƭ ƭƻŎƪŘƻǿƴΣ ŀǎ ǇŜƻǇƭŜ ǿŜǊŜ ƭŜǎǎ 

likely to use public transport for important daily trips such as grocery shopping, exercising, or 

commuting to work to avoid being infected. The study by Li et al. (2021) 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 use of public 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 equality. Although bicy-

cling does not make up for a substantial share of trips 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 and bike-sharing by a 2% 

decrease (Bucsky, 2020). A study by Bergantino et al. (2021) ƛƴ Lǘŀƭȅ ŎƻƳǇŀǊŜŘ ǘƘŜ ǳǎŜǊǎΩ ōŜƘŀǾπ

iour pre- and post-COVID-19 lockdown and found that people are changing their pre-pandemic 

habits and switching to a more sustainable and healthier lifestyle. Furthermore, the study has 

found that increasing the accessibility of shared-cycling infrastructure would contribute to the 

inclusion of the most vulnerable in the poorer areas of Italy (Bergantino et al., 2021). In Italy, 

the local government of the city of Milan announced plans to retrofit 22 miles of streets for 

pedestrians and cyclists following the summer after the pandemic (OECD, 2020). Another study 

by International Transport Forum (2020ύ ƳŜƴǘƛƻƴǎ ǘƘŀǘ ǘƘŜ Ŏƛǘȅ ƻŦ aƛƭŀƴ ƛƴǘǊƻŘǳŎŜŘ ΨƻǇŜƴ 
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ǎǘǊŜŜǘǎΩΣ ƛƴŎǊŜŀǎŜŘ ŎȅŎƭƛƴƎ ƛƴŦǊŀǎǘructure and sidewalk widening, increased the 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 pedestrians-only streets closed for traffic (OECD, 2020).  

Another research explored the motivations for using the shared-cycling infrastructure 

during the pandemic and found that the motivations have slightly changed during the pandemic 

compared to previous motivations. According to a survey by Teixeira et al. (2021) conducted 

among the citizens, this was the case in the city of Lisbon. Before, people decided to use the 

system due to the service coverage and quality such as the distribution of stations, and due to 

personal interests and well-being such as perceived positive perception of the environmental 

and health benefits. However, during the pandemic, the wish to avoid public transport and main-

tain a social distance was a new motivator for personal interests and well-being. The users who 

newly joined the scheme during the pandemic emphasised the importance of social influence 

such as seeing others 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 

ŜȄǇƭƻǊŜŘ ǘƘŜ ƛƳǇŀŎǘ ǘƘŜ ǇŀƴŘŜƳƛŎ ƘŀŘ ƻƴ ǘƘŜ ǘǊŀǾŜƭƭŜǊǎΩ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ōƛƪe-sharing systems and 

whether the pandemic would have a long-lasting effect on the increase of cycling in the city (Ni-

kiforiadis et al., 2020). Although the results showed that the COVID-19 pandemic will not signif-

icantly affect the number of people using bike-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 transmission (Nikiforiadis et al., 2020). It is also 

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 the bikes regularly enough to pre-

vent the transmission of disease (Nikiforiadis 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 46.25% due to lockdown measures, except for December 2020 when 

they recorded an increase of 56.32% (YǳōŀƯłƪ Ŝǘ ŀƭΦΣ нлнм). Similarly to the case of Thessaloniki 

(Nikiforiadis et al., 2020), the reason related to lower usage rates was also fear of catching 

COVID-19 by using 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 

min in 2020 (YǳōŀƯłƪ Ŝǘ ŀƭΦΣ нлнм). 
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Impacts of the pandemic on cycling in areas outside of the EU 

Cycling has also played an important role in larger urban areas in the USA. For example, a 

study by Teixeira & Lopes (2020) of mobility patterns in New York showed that shared-cycling 

infrastructure was more resilient to the effects of 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 13 minutes to 19 

minutes per trip (Teixeira & Lopes, 2020). Another study by Pase et al. (2020) recognised bike-

sharing as an important mobility alternative for citizens of New York by analysing mobility pat-

terns during the pandemic and the effects of socio-economic 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 centres (Pase et 

al., 2020). The results of another empirical study by Hu et al. (2021) have shown that one of the 

largest bike-sharing systems in Chicago - the Divvy bike-sharing system - was the most robust 

and resilient mobility option during the time of disruption - pandemic in the city of Chicago. It 

has shown the highest recovery speed 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 recover very late (Hu et al., 2021). Also according to the perspective of 

adults 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., 2021). Hence, shared-cycling infrastructure can significantly contribute to the re-

silience of urban systems in times of disruption. Although one of the researchers Jobe & Griffin 

(2021) found that usage rates of the shared-cycling schemes in San Antonio did decrease during 

the pandemic, the research has also 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-

munication efforts on policies and actions (Jobe & 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 bike-sharing rates (Bert et al., 2020; Ellen MacArthur Foundation, 

2020). In the study by Saatchian et al. (2021) the 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 advantages 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. (2021) recommend 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 social distancing. 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 for outdoor exercise 

to keep them fit, healthy and protect themselves from the virus (Hu et al., 2021). To preserve 

higher cycling rates and further increase the popularity of cycling, operators of shared-cycling 

infrastructure (SCI), municipalities or urban planners 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 and 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 Italy, who would use the 

SCI if it was available in their city, through an online survey and identified six factors influencing 

ǘƘŜ ǳǎŜ ƻŦ {/LΥ άfacilitating conditions (respectful of the environment, avoiding traffic conges-

tion, cyclists, safety awareness, releasing flexibility, promoting physical activity), psychological 

barriers (boring, tiring, uncomfortable), safety conditions (dangerous, unsafe), lack of infrastruc-

ture (no bike path, non-functional bike path, bumpy road), too demanding service (too expen-

sive, too much information needed), and personal impediment (e.g., cannot ride a bike, physical 

ǇǊƻōƭŜƳǎΣ ǳƴƘŜŀƭǘƘȅύέ όBergantino et al., 2021, p. 6). Furthermore, Nikiforiadis et al. (2020) rec-

ommend that the operators of SCI should ensure manual disinfection of bicycles 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 by the operators of SCI, for the people to be assured that using 

bicycles is safe.   
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3 LITERATURE REVIEW ς PART II 

3.1 Transport as complex system  

For sustainability and resilience of transport systems in urban areas post COVID-19, it is 

important to understand the complexity and dynamics within the systems. Transport is a system 

that is embedded within a larger system (i.e., an urban area) as well as consists of different 

subsystems. In the face of disturbance, 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 system (Mattsson & Jenelius, 2015). Because of this self-

organising and adaptive capacity of the transport system, Wang (2015) even compares it to the 

functioning of the ecological system.  

First, the transport system is embedded within the urban area which consists of multiple 

interconnected elements. According to Bueno et al. (2021) and Meerow et al. (2016), this was 

best depicted by Dicken (2011) who depicted urban areas as a system comprising of  (a) govern-

ance networks with different actors and institutions (e.g., NGOs, businesses, governments), (b) 

networked material and energy flow being produced and consumed within the urban system, 

(c) urban infrastructure and form shaping the built environment (e.g., transportation infrastruc-

ture, buildings, roads), (d) natural environment (i.e., natural or ecological infrastructure repre-

senting a simplified biological and ecological processes within urban areas) and lastly (e) socio-

economic dynamics which shape the livelihoods and capacities of citizens in an urban area (e.g., 

monetary capital, demographics, justice and equity) (Delgado-Ramos & Guibrunet, 2017) (see 

Figure 5). It should be noted that humans are the elements within the urban and transport sys-

tem that operate and use it (e.g., use their time and energy to engage in mobility practices), 

hence initiating the adaptation or self-reorganisation of the status quo of mobility in an urban 

area (Wang, 2015). Second, the transport system consists of three main subsystems: (a) infra-

structure, (b) energy and (c) vehicles, which determine its metabolism and impacts on the envi-

ronment (Joumard & Gudmundsson, 2010). For each of the systems, Joumard & Gudmundsson 

(2010, p. 69) identify five types of activities (production, existence, use, maintenance and de-

struction) which add up to 13 subsystem activities (i.e., activities that determine the overall en-

vironmental impact) (see Figure 6). 
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FIGURE 5: A SIMPLIFIED MODEL OF URBAN SYSTEM ADAPTED AFTER DICKEN (2011) (SOURCE: MEEROW ET AL., 2016). 

 

FIGURE 6: MAIN TRANSPORT SUBSYSTEMS (SOURCE: JOUMARD & GUDMUNDSSON, 2010, P. 69). 

As mentioned by DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс), different sectors are highly integrated 

with eachother, with multiple feedback loops at work and interconnections that influence their 

development. For example, DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ (1996ύ ƳŜƴǘƛƻƴŜŘ ŀ ΨŦŜŜŘōŀŎƪ ƭƻƻǇΩ ƻƴ ǘǊŀǾŜƭ 

patterns linked to the spreŀŘ ƻŦ ŎŀǊǎ ŀƴŘ ŎƻƴǎŜǉǳŜƴǘƭȅ ΨǎǇǊŜŀŘ-ƻǳǘΩ ƻŦ ǳǊōŀƴ ǎǘǊǳŎǘǳǊŜǎ ǿƘƛŎƘ 

reduced the accessibility of different places via other modes of transport, namely public 

transport or active modes of mobility. This has also been discussed by Camagni et al. (2002, p. 

201ύ ǿƘƻ ǘŜǊƳŜŘ ǘƘƛǎ ǇƘŜƴƻƳŜƴƻƴ ŀǎ ǳǊōŀƴ ǎǇǊŀǿƭΥ άƭƻǿ-density development, extending to 
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ǘƘŜ ŜȄǘǊŜƳŜ ŜŘƎŜ ƻŦ ǘƘŜ ƳŜǘǊƻǇƻƭƛǘŀƴ ǊŜƎƛƻƴ ŀƴŘ ƭƻŎŀǘŜŘ ƛƴ ŀ ǊŀƴŘƻƳΣ ΨƭŜŀǇŦǊƻƎΩ ŦŀǎƘƛƻƴΣ ǎŜƎǊŜπ

gated in specialised mono-functional land uses, and largely dependent on the ŎŀǊέΦ Lƴ ƻǘƘŜǊ 

words, as cars became more (financially) accessible and were considered a symbol of wealth i.e., 

ΨǊƛǘǳŀƭ ƎƻƻŘΩΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎŀǊǎ ƻƴ ǘƘŜ ǊƻŀŘǎ ƛƴŎǊŜŀǎŜŘΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ƳƻǊŜ ŎŀǊ 

infrastructure (e.g., highways, roads, parking spots) (Oosterhuis, 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 higher well-ōŜƛƴƎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ άƛƴŘŜǇŜƴŘŜƴŎȅέ ǘƘŀǘ ŎŀǊǎ 

brought resulted in people 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, which DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ (1996) recognise as one of 

the difficulties in scaling sustainable development. On a shorter time scale, the self-organising 

and adaptive capacities of transport and SES have been observed throughout the COVID-19 pan-

demic. As public transport was banned due to measures preventing the transmission of disease, 

people shifted to active modes such as walking and cycling. Many local authorities also intro-

ŘǳŎŜŘ ΨǇƻǇ-ǳǇ ŎȅŎƭƛƴƎ ƭŀƴŜǎΩ ǘƻ ŜƴŎƻǳǊŀƎŜ the increased use of bicycles (POLIS & Rupprecht Con-

sult, 2021, p. 43). 

3.2 Institutions, culture and development of transport and urban areas 

As outlined in Chapter 3.1 the complexity of SES and its interrelations originates from 

its wide range of elements (e.g., citizens, social groups, multi-level governments, military, com-

panies, and corporations) which in turn requires institutions for coordination and social integra-

tion (Spash, 2017ύΦ Lƴǎǘƛǘǳǘƛƻƴǎ ōȅ ƛƳǇƻǎƛƴƎ άŎƻƴǾŜƴǘƛƻƴǎΣ ƴƻǊƳǎΣ ŀƴŘ ǎŀƴŎǘƛƻƴŜŘ ǊǳƭŜǎ ƻŦ ǎƻŎƛπ

Ŝǘȅέ όSpash, 2017; Vatn, 2017Σ ǇΦ ппύ ƛƴŦƭǳŜƴŎŜ ƘǳƳŀƴ ǇǊŜŦŜǊŜƴŎŜǎ ŀƴŘ ǇǊƻǾƛŘŜ άŜȄǇŜŎǘŀǘƛƻƴǎΣ 

ǎǘŀōƛƭƛǘȅ ŀƴŘ ƳŜŀƴƛƴƎ ŜǎǎŜƴǘƛŀƭ ǘƻ ƘǳƳŀƴ ŜȄƛǎǘŜƴŎŜ ŀƴŘ ŎƻƻǊŘƛƴŀǘƛƻƴέ (Vatn, 2017, p. 44). They 

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 exchange (Hornborg, 2009). However, it ŀƭǎƻ ǎƘŀǇŜǎ ǘƘŜ άƘŀōƛǘǎΣ ƭƛŦŜǎǘȅƭŜǎΣ ƛƴǎǘƛǘǳǘƛƻƴǎ 

ŀƴŘ ǎǇŀǘƛŀƭ ŀǊǊŀƴƎŜƳŜƴǘǎέ όǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнл, p. 109) (self-reinforcing feedback 

loop), and changes over time.  

Furthermore, as people have the internal need to understand the world in which they 

live and to make sense of their environment, society is organised in a hierarchical structure that 

shapes different classes and consumption patterns (wǄǇƪŜΣ мффф). This means that individuals 

ƘŀǾŜ ǘƻ ǘŀƪŜ ǇŀǊǘ ƛƴ ŘƛŦŦŜǊŜƴǘ Ǌƛǘǳŀƭǎ ǘƘŀǘ ΨŜǎǘŀōƭƛǎƘ ƳŜŀƴƛƴƎǎ ƛƴ ŀ ǎƻŎƛŀƭ ŎƻƴǘŜȄǘΩ - a ritual in 
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ǿƘƛŎƘ ƳŀǘŜǊƛŀƭ ƎƻƻŘǎ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ŀǎ ΨǊƛǘǳŀƭ ŀŘƧǳƴŎǘǎΩ ŀƴŘ ƛƴǘŜƎǊŀƭ άǘƻƻƭǎέ ǘƻ ƘŜƭǇ ǇŜƻπ

ple understand the world (hƻǎǘŜǊƘǳƛǎΣ нлмсΤ wǄǇƪŜΣ мффф). For example, in the twentieth-cen-

tury cycling has been 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 (wǄǇƪŜΣ мфффΤ ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύΦ tŜƻǇƭŜ ǘƻŘŀȅ ƘŀǾŜ ǘƻ ǇŀǊǘicipate in new 

rituals and acquire goods, such as cars, to be able to discriminate (differentiate) among different 

classes. For example, after 1900 the working class joined the cycling trend which contributed to 

ŀ ΨŘŜŎƭƛƴŜ ƛƴ ǘƘŜ ǎƻŎƛŀƭ ǎǘŀǘǳǎ ƻŦ ŎȅŎƭƛƴƎΩ (Oosterhuis, 2016, p. 240). In Germany and Britain, the 

aristocracy and bourgeoisie switched from bicycling to using motorcycles and cars to differenti-

ate themselves from the masses of working people cycling (Oosterhuis, 2016). Concurrently the 

acceleratioƴ ƻŦ ƛƴŘǳǎǘǊƛŀƭ ŎŀǇƛǘŀƭƛǎƳ ŀƭǎƻ ƎŀǾŜ ŀ ǊƛǎŜ ǘƻ ŀ ƴŜǿ ǎƻŎƛŜǘŀƭ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ΨƛƴǘŜƴǎƛπ

ŦƛŜŘ ǇǊƻŎŜǎǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭƛǎŀǘƛƻƴΩ ǿƘƛŎƘ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ƘƛƎƘŜǊ ƴǳƳōŜǊ ƻŦ ƘƻǳǎŜƘƻƭŘǎΣ ŀƴŘ ŎƻƴǎŜπ

quently for housing and related equipment, which changed consumption patterns (wǄǇƪŜΣ 

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

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

ǎƛōƭŜ ŦƻǊ άŎƻƴǎǘǊǳŎǘƛƴƎ ŀƴŘ ǎǳǎǘŀƛƴƛƴƎ ǘƘŜƛǊ ƻǿƴ ǎŜƭŦ-ƛŘŜƴǘƛǘȅέ - a process in which conspicuous 

ŎƻƴǎǳƳǇǘƛƻƴ ŀƴŘ ΨǊƛǘǳŀƭ ŀŘƧǳƴŎǘǎΩ Ǉƭŀȅ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ ǘǊŀƴǎŦŜǊǊƛƴƎ ǘƘŜ ƳŜǎǎŀƎŜ ǘƻ ƻǘƘŜǊ 

people (wǄǇƪŜΣ мффф, p. 410, Oosterhuis, 2016). Another phenomenon shaping the culture was 

the pursuit of time-saving. In hope of reducing the workload, reducing busyness and saving their 

ǘƛƳŜΣ ǇŜƻǇƭŜ ǎǘŀǊǘŜŘ ǘƻ ƛƴǾŜǎǘ ƛƴ ΨƭŀōƻǳǊ-ǎŀǾƛƴƎ ŜǉǳƛǇƳŜƴǘΩ όwǄǇƪŜΣ мффф). For example, car own-

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 activities (Camagni et al., 2002; DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффсΤ 

wǄǇƪŜΣ мфффύΦ ¢Ƙƛǎ ƛǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ ΨǊŜōƻǳƴŘ ŜŦŦŜŎǘΩ3 which is defined as a phenomenon in 

ǿƘƛŎƘ ŀƴ άƛƴŎǊŜŀǎŜ ƛƴ ǊŜǎƻǳǊŎŜ ƻǊ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ όǳǎǳŀƭƭȅ ŀǘǘǊƛōǳǘŜŘ ǘƻ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀŘǾŀƴŎŜπ

ments) does not actually result in a corresponding decrease in energy or resource use because 

the cost per unit falls, which in turn, increŀǎŜǎ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘ ŀƴŘ ǎŜǊǾƛŎŜέ 

(Binswanger, 2001, p. 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 

 

 
3 ! ǘȅǇƛŎŀƭ ŜȄŀƳǇƭŜ ƻŦ ǘƘŜ ΨǊŜōƻǳƴŘ ŜŦŦŜŎǘΩ ƛǎ ǘƘŀǘ ƻŦ ƛƴŎǊŜŀǎŜŘ ŎŀǊ ǳǎŜ ŘǳŜ ǘƻ ǘƘŜ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ƴŜǿΣ 
technologically advanced vehicles which made driving over a 100 km distance substantially cheaper. Due 
to this technological innovation people will not drive less (i.e., consume fewer resources) but drive more 
often and for longer distances. 
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crucial services (wǄǇƪŜΣ мффф). In addition to the sensitivity of the public to the social class and 

status, Oosterhuis (2016, p. 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., traffic policies in urban 

ŘŜǾŜƭƻǇƳŜƴǘύ ŀƴŘ ǘƘŜƛǊ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ƳƻǘƻǊƛȊŜŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ōŜƛƴƎ ƳƻǊŜ ΨŀǾŀƴǘ-ƎŀǊŘŜΩ ǘƘŀǘ 

ǎƘƛŦǘŜŘ ǘƘŜ ǇǳōƭƛŎ ǇŜǊŎŜǇǘƛƻƴ ƻƴ ōƛŎȅŎƭƛƴƎΦ Lƴ ŀ ǿƻǊƭŘ ƻŦ ΨƎƭƻōŀƭ ŎƻƳǇŜǘƛǘƛƻƴ ŀƴŘ ŎƻƳƳƻŘƛǘƛŜǎΩ 

ǿƘŜǊŜ ŎƻƳǇŀƴƛŜǎ άƴŜŜŘ ǘƻέ ǇǳǊǎǳŜ ǘƘŜ ŜŎƻƴƻƳƛŎ ǎǳrplus (Vatn, 2017, p. 49), institutions have 

ǘƻ άǎǳǇǇƻǊǘ ŎŜǊǘŀƛƴ ǾŀƭǳŜǎ ŀƴŘ ǇǊƻŘǳŎŜ ŀƴŘ ǇǊƻǘŜŎǘ ŎŜǊǘŀƛƴ ƛƴǘŜǊŜǎǘǎέ όVatn, 2017, p. 44). Con-

sequently, that influences the development of countries and constrains the advancement of 

policies that could threaten those interests. 

Described phenomena explain how society is gaining shape through self-reinforcing 

feedback loops. New consumption practices were formed by the framework, but on the other 

hand, also changed the framework over time through new patterns (RǄǇƪŜΣ мффф). Mobility and 

transport, are part of the culture around which the society builts their urban environment 

(Oosterhuis, 2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύΦ ¢Ƙƛǎ ƛǎ ŜǾƛŘŜƴǘ ƛƴ Ƴŀƴȅ ƻƭŘ 9ǳǊƻǇŜŀƴ ŎƛǘƛŜǎ 

which were built for non-motorized transportation, with beautiful city centres where people 

ƎŀǘƘŜǊ ƛƴ ǎǘǊŜŜǘ ŎŀŦŞǎ ŀƴŘ ŎǳƭǘǳǊŀƭ ŜǾŜƴǘǎ ǘŀƪŜ ǇƭŀŎŜΦ hƴ ǘƘŜ ŎƻƴǘǊŀǊȅΣ ΨŎŀǊ ŎǳƭǘǳǊŜǎΩ ǎƘŀǇŜŘ ǘƘŜ 

cities where infrastructure is tailored to the needs and wants of car drivers (e.g., large streets, 

parking loǘǎΣ ŀƴŘ ƻǳǘǎǘǊŜǘŎƘŜŘ ŀƳŜƴƛǘƛŜǎύ όǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύΦ /ƛǘƛȊŜƴǎ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ 

cultures value different lifestyles and create their built environment around them. The previous 

Chapter (оΦмύ ŘŜǎŎǊƛōŜŘ ǘƘŜ ǇƘŜƴƻƳŜƴŀ ƻŦ ΨŘƛŦŦǳǎŜŘ ƳŜǘǊƻǇƻƭƛǎΩ όƛΦŜΣ ǳrban sprawl) where peo-

ple move to the outskirts of the city for different socio-economic 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) (Camagni et al., 2002; Oosterhuis, 2016). Consequently, the people spent more 

ǘƛƳŜ ǘǊŀǾŜƭƭƛƴƎ ƻǾŜǊ ƭŀǊƎŜǊ ŘƛǎǘŀƴŎŜǎ ŀƴŘ ǘƘŜƛǊ ƭŜǾŜƭǎ ƻŦ άōǳǎȅƴŜǎǎέ ǊŜƳŀƛƴŜŘ ǘƘŜ ǎŀƳŜΦ !ƴƻǘƘŜǊ 

ŜȄŀƳǇƭŜ ƻŦ Ƙƻǿ ΨŎǳƭǘǳǊŀƭ ǇŀǘǘŜǊƴǎ ōŜŎŀƳŜ ǎŜƭŦ-ǊŜƛƴŦƻǊŎƛƴƎΩ όǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύ ƛǎ 

how cycling in the Netherlands produced more cycling. 

The Netherlands, in addition to Denmark, is one of the best examples of how institutions 

and culture shape mobility and transport, and the spatial development of urban areas. In both 

ŎƻǳƴǘǊƛŜǎΣ ΨŎȅŎƭƛǎǘ ŀǎǎƻŎƛŀǘƛƻƴǎΩ ƭƻōōƛŜŘ ŦƻǊ ǘƘŜ ǊƛƎƘǘǎ ƻŦ ŎȅŎƭƛǎǘǎ ŀƴŘ ǇǊƻƳƻǘŜŘ ŎȅŎƭƛƴƎ ŀǎ ōŜƛƴƎ 

ǇŀǊǘ ƻŦ ǘƘŜ ƛƳǇƻǊǘŀƴǘ ƴŀǘƛƻƴŀƭ ΨǉǳŀƭƛǘƛŜǎ ŀƴŘ ŎƛǾƛƭ ǾƛǊǘǳŜǎΩ ǎǳŎƘ ŀǎ ƛƴŘŜǇŜƴŘŜƴŎŜΣ ǎŜƭŦ-control, 

modesty and stability (Oosterhuis, 2016, p. 243). Associations in both countries remained en-

gaged in the planning of urban areas, the construction of cycling paths and, through their power, 

managed to influence the government and institutions to account for the needs of bicyclists 
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(Oosterhuis, 2016). Consequently, cyclists today are prioritized and protected in traffic (Ooster-

huis, 2016). 

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

ingly costly and difficult to change (Oosterhuis, 2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнл), as in the 

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 social life is adapted to cycling which can be observed in the cities and how they are 

organised. Smaller shopping centres are dispersed around the urban area, short-distance modes 

of transportation are underdeveloped, taxi services are costly, and nightlife is organised around 

bikeable distances (ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнл). Even when discussing distances among 

ǇƭŀŎŜǎΣ ǘƘŜ 5ǳǘŎƘ ǊŜŦŜǊ ǘƻ ΨŎȅŎƭƛƴƎ ƳƛƴǳǘŜǎΩ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŜ ŘƛǎǘŀƴŎŜ όǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ 

2020). Schools also made space for parking bicycles but not 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 cities (ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнл). Conse-

quently, all members of society (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 accounted for.  Ac-

cording to the research on happiness (wǄǇƪŜΣ мффф), people have absolute 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 unstable (wǄǇƪŜΣ мффф). 

¢ƘŜ ƭŀǘǘŜǊ ǊŜŦƭŜŎǘǎ ƛƴ ΨǎƴƻōōƛƴŜǎǎΩ ƻǊ ΨǇƭŀŎƛƴƎ ȅƻǳǊǎŜƭŦ ŀōƻǾŜ ǘƘŜ ƻǘƘŜǊǎΩ ǿƘƛŎƘ ǘƘŜ 5ǳǘŎƘ ŀƴŘ 

Danish see as something negative (Oosterhuis, 2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύΦ /ƻƴǘǊŀǊȅ 

to car-ŘƻƳƛƴŀǘŜŘ ŎǳƭǘǳǊŜǎΣ ŎȅŎƭƛƴƎ ƛƴ ǘƘŜ bŜǘƘŜǊƭŀƴŘǎ ƛǎ ƴƻǘ ŀ ΨǊƛǘǳŀƭ ŀŘƧǳƴŎǘΩ όwǄǇƪŜΣ мффф) to 

showcase ƻƴŜΩǎ ǎǘŀǘǳǎΣ ƭƛŦŜǎǘȅƭŜ ƻǊ ƛŘŜƴǘƛǘȅ όOosterhuis, 2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύΦ Lǘ 

is perceived as "simplistic, practical, modest, level-headed and diligent" (Oosterhuis, 2016, p. 

243).  Even people of high social status and wealthy enough to afford ƻǘƘŜǊΣ άƭǳȄǳǊƛƻǳǎέ ƳƻŘŜǎ 

ƻŦ ǘǊŀƴǎǇƻǊǘΣ ǎǳŎƘ ŀǎ ŎŀǊǎΣ ŘŜŎƛŘŜ ǘƻ ƳƻǾŜ ōȅ ŎȅŎƭƛƴƎΦ hŦ ŎƻǳǊǎŜΣ ǇŜƻǇƭŜ ǎǘƛƭƭ ƘŀǾŜ ǘƘŜ άŦǳƴŘŀπ

ƳŜƴǘŀƭ ƴŜŜŘ ǘƻ ǊŜƭŀǘŜ ǘƻ ƻǘƘŜǊ ǇŜƻǇƭŜέ ǿƘƛŎƘ ƛƴŦƭǳŜƴŎŜǎ ǘƘŜƛǊ ŎƻƴǎǳƳǇǘƛƻƴ ǇŀǘǘŜǊƴǎ όwǄǇƪŜΣ 

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

ǇŜƻǇƭŜ ŀƴŘΣ ƘŜƴŎŜΣ ǘŜƴŘ ǘƻ ŎȅŎƭŜ ƳƻǊŜ ǘƻ άǎƘƻǿ ƻŦŦ ǘƘŜƛǊ ƴƻǊƳŀƭƛǘȅέ όǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ 

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

that cycling in the Netherlands has become normalized or part of a daily routine (Oosterhuis, 

2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύΦ CǳǊǘƘŜǊƳƻǊŜΣ 5ǳǘŎƘ ŀƴŘ 5ŀƴƛǎƘ ǇŜƻǇƭŜ ŀǊŜ ŀǿŀǊŜ ƻŦ ǘƘŜ 
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positive effects that bicycling has on their mental and physical health, in addition to enhancing 

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

while cycling) (Oosterhuis, 2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнлύ ŎƻƴǘǊŀŘƛŎǘƛƴƎ ǘƘŜ Ǝƭƻōŀƭ ǘǊŜƴŘ 

of individualisation (wǄǇƪŜΣ мффф). 

This chapter 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 addressed. Changing 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 organisations (Oosterhuis, 

2016; ǘŜ .ǊǀƳƳŜƭǎǘǊƻŜǘ Ŝǘ ŀƭΦΣ нлнл), and is overall a long-ǘŜǊƳ άǇǊƻƧŜŎǘέΦ  

3.3 Resilience and sustainability 

!ŎŎƻǊŘƛƴƎ ǘƻ CƻƭƪŜ Ŝǘ ŀƭΦ όнллнΣ ǇΦ тύ ǘƘŜ Ǝƻŀƭ ƻŦ ΨǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘΩ ƛǎ ǘƻ άŎǊŜŀǘŜ 

ŀƴŘ Ƴŀƛƴǘŀƛƴ ǇǊƻǎǇŜǊƻǳǎ ǎƻŎƛŀƭΣ ŜŎƻƴƻƳƛŎΣ ŀƴŘ ŜŎƻƭƻƎƛŎŀƭ ǎȅǎǘŜƳǎέΦ ¢ŀƛƴǘŜǊ ό2006, p. 92) shares 

ŀ ǎƛƳƛƭŀǊ ǾƛŜǿ ŀǎ ŦƻǊ ƘƛƳ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƛǎ άǘƘŜ ŎŀǇŀŎƛǘȅ ǘƻ ŎƻƴǘƛƴǳŜ ŀ ŘŜǎƛǊŜŘ ŎƻƴŘƛǘƛƻƴ ƻǊ ǇǊƻπ

ŎŜǎǎΣ ǎƻŎƛŀƭ ƻǊ ŜŎƻƭƻƎƛŎŀƭέΦ IƻǿŜǾŜǊΣ ŀǎ ǎȅǎǘŜƳǎ ŀǊŜ ΨƛƴǘƛƳŀǘŜƭȅ ƭƛƴƪŜŘΩ ǘƘŜȅ Ŏŀƴ ŀŦŦŜŎǘ ǘƘŜ ŘŜǾŜƭπ

opment of one another which is an observable phenomenon across the world where trespassing 

ƻŦ ǘƘŜ tƭŀƴŜǘŀǊȅ ōƻǳƴŘŀǊƛŜǎ όwƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΣ нллфύ ƛǎ ŎƻƴǘǊƛōǳǘƛƴƎ ǘƻ ǘƘŜ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŘ ǳƴπ

predictability of future living conditions. Hence, resilience comes as a tool to help sustain devel-

ƻǇƳŜƴǘ ƛƴ ŀ άŎƘŀƴƎƛƴƎ ǿƻǊƭŘ ǿƘŜǊŜ ǎǳǊǇǊƛǎŜ ƛǎ ƭƛƪŜƭȅέ όCƻƭƪŜ Ŝǘ ŀƭΦΣ нллнΣ ǇΦ фύ ŀƴŘ ŀǎ ǘƘŜ άŀōƛƭƛǘȅ 

ƻŦ ŀ ǎȅǎǘŜƳ ǘƻ ŀŘƧǳǎǘ ƛǘǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŀƴŘ ŦǳƴŎǘƛƻƴ ǳƴŘŜǊ ŘƛǎǘǳǊōŀƴŎŜέ όTainter, 2006, p. 92).   

Both concepts ς resilience and sustainability ς are important for the future development 

of urban areas. As mentioned by Acuti et al. (2020, p. 3ύΣ άǊŀǘƛƻƴŀƭ ǳǊōŀƴ ŘŜǾŜƭƻǇƳŜƴǘ Ŏŀƴ ōŜ 

achieved only when it is both resilient and sustainŀōƭŜέΦ !ƭǘƘƻǳƎƘ ǘƘŜ ŎƻƴŎŜǇǘǎ ŀǊŜ ŘƛŦŦŜǊŜƴǘ ŀƴŘ 

should not be used interchangeably, they can be used in conjunction (Delgado-Ramos & 

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

to Delgado-Ramos & Guibrunet (2017) the biggest difference between the two concepts is the 

ǘȅǇŜ ƻŦ ƻǳǘŎƻƳŜ ƻŦ ŀ ŎƘŀƴƎŜΦ ²ƘƛƭŜ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƛƳǇƭƛŜǎ ŀ ŘŜǎƛǊŀōƭŜΣ ǇƻǎƛǘƛǾŜ ƻǳǘŎƻƳŜΣ ΨǊŜǎƛƭπ

ƛŜƴŎŜΩ ŘƻŜǎ ƴƻǘ ƛƳǇƭȅ ǿƘŜǘƘŜǊ ǘƘŜ ŀŘŀǇǘŀǘƛƻƴ ǘƻ ŀ ŘƛǎǘǳǊōŀƴŎŜ ƛǎ ŘŜǎƛǊŀōƭŜ ƻǊ ǳƴŘŜǎƛǊŀōƭŜ ό5Ŝƭπ

gado-Ramos & Guibrunet, 2017). Even more, the purpose of (engineering) resilience is to 

ΨōƻǳƴŎŜ ōŀŎƪΩ ŀǎ ǎƻƻƴ ŀǎ ǇƻǎǎƛōƭŜ ŀŦǘŜǊ ǘƘŜ ŘƛǎǊǳǇǘƛƻƴ ǘŀƪŜǎ ǇƭŀŎŜ ŜǾŜƴ ǘƘƻǳƎƘ ǘƘŀǘ ǎǘŀǘŜ ƳƛƎƘǘ 

not have been previously optimal (i.e., desirable). Resilience can also be achieved 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., non-renewables) at the expense of future generations (Folke et al., 2002). Espe-

cially in times of disruption, as Tainter (2006) puts it, resilience can neglect or abandon sustain-

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

ƎǳƛŘŜ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǊŜǎƛƭƛŜƴǘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ǎȅǎǘŜƳΦ !ǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜ άƛŦ ŀ Ŏƛǘȅ ƛǎ ǘƻ ōŜ 

ǎǳǎǘŀƛƴŀōƭŜ ƛǘ ŀƭǎƻ ƴŜŜŘǎ ǘƻ ōŜ ǊŜǎƛƭƛŜƴǘ ǘƻ ŘƛǎǊǳǇǘƛƻƴǎέ όYƛƳ ϧ [ƛƳΣ нлмсΣ ǇΦ сύ ƛƴ ƻǊŘŜǊ ǘƻ Ƴƛƴƛπ

mize the negative impacts of disruption on society, economy and environment. This has already 

been recognised globally as both concepts have made it into the development plans of transport 

in urban areas (Figueiredo et al., 2018; POLIS & Rupprecht Consult, 2021; United Nations, 2013). 

Cities can pursue and have the possibility to achieve both ς sustainability and resilience ς 

by focusing on the promotion of bicycling and investing in cycling infrastructure. How? 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 through transportation, 

ŀƭǎƻ Ƙŀǎ ǘƻ ōŜ ǎǳǎǘŀƛƴŀōƭŜ ǘƻ άǇǊƻǾƛŘŜ ōŜǘǘŜǊ ƛƴǘŜƎǊŀǘƛƻƴ ǿƘƛƭŜ ǊŜǎǇŜŎǘƛƴƎ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘέ 

(Acuti et al., 2020, p. 3). Secondly, modularization is defined as the ŀōƛƭƛǘȅ ƻŦ άǎȅǎǘŜƳ ŎƻƳǇƻπ

nents to have enough independence so that the failure or damage to another part of the system 

will have a low probability of affecting the functionality of other similar or related components 

ƻŦ ǘƘŜ ǎȅǎǘŜƳέ ό!Ŏǳǘƛ Ŝǘ ŀƭΦΣ нлнлΣ ǇΦ пύΦ .ƛŎȅŎƭƛƴƎ ǇƻǎƛǘƛǾŜƭȅ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ōƻǘƘ ǎǘǊŀǘŜƎƛŜǎ Ŏƻƴπ

tributing to the overall 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 resilience) dur-

ing the pandemic (see Chapter 2.4). In cities that already invested in bicycling pre-pandemic, 

cycling has seen a substantial increase as people avoided crowded spaces such as public 

transport. There was also a rise in pop-up cycling lanes answering this demand ς an action that 

has been implemented in an extremely short period of time4 (Kraus & Koch, 2021).  No other 

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

As mentioned in Chapter 2.3 on resilience, collective human actions influence the devel-

opment of SES. Thus, mobility and transport during the pandemic should be assessed from the 

perspective of its users ς citizens of urban areas. An individual relying on public transport proved 

 

 
4 Research found that within a period of four months, on average 11.5 km of provisional pop-up bike lanes 
were built per city and cycling rates increased between 11 ς 48% across 106 European cities included in 
the study (Kraus & Koch, 2021). 
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ǘƻ ōŜ άƭŜǎǎ ǊŜǎƛƭƛŜƴǘέ ǘƻ ŘƛǎǊǳǇǘƛons during the pandemic, as many lines were 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 highly-congested areas. However, people 

still needed to make trips ς either for professional reasons or daily errands. Thus, from the per-

spective of those individuals, owning a car would imply more flexibility, independence and resil-

ience to such disruptions. However, this does not suggest that people should invest 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 capacities integrated with 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 

Due to the negative impacts of transport on the biosphere (as explained in Chapter 1.1) 

ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŀŘŘǊŜǎǎ ŘƛŦŦŜǊŜƴǘ ŀǎǇŜŎǘǎ ƻŦ ǘǊŀƴǎǇƻǊǘ ŀƴŘ ƭƻƻƪ ŦƻǊ άƛƴƴƻǾŀǘƛƻƴǎέ ǘƘŀǘ ŎƻǳƭŘ 

ƘŜƭǇ ŜŀǎŜ ǘƘŜ ŎǳǊǊŜƴǘ ǇǊŜǎǎǳǊŜǎ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ ! ǎǘǊƻƴƎ ŀǇǇǊƻŀŎƘ ǘƻ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƻŦ 

ǘǊŀƴǎǇƻǊǘ ƛǎ ƴŜŜŘŜŘ ōŜŎŀǳǎŜ ǎƻƳŜ ƛƴƴƻǾŀǘƛƻƴǎ ǘŜǊƳŜŘ ΨǎǳǎǘŀƛƴŀōƭŜΩ ŀǊŜ ǇǊƻƳƛǎƛƴƎ ƘƛƎƘ ǊŜǎǳƭǘǎ 

ȅŜǘ ǇǊƻǾŜ ǘƻ ōŜ ΨǳƴǎǳǎǘŀƛƴŀōƭŜΩ ƛƴ ǘƘŜ ƭƻƴƎ ǘŜǊƳΦ CƻǊ ŜȄŀƳǇƭŜΣ Ŝ- scooters as one of the micro-

mobility options are appearing in urban areas promiǎƛƴƎ ǘƻ ΨŘŜŎŀǊōƻƴƛǎŜΩ ƳƻōƛƭƛǘȅΦ ¸Ŝǘ ǊŜǎŜŀǊŎƘ 

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, 

electrification of vehicles is promising high environmental benefits yet the topic is highly con-

troversial as electrification contributes to cost-shifting (i.e., externalisation of environmental im-

pacts through international trade), problem-shifting (i.e., technological solutions solving one 

problem and creating a new one such 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.g., with 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 ofter overseen. Hence, this chapter aims to provide an overview of different 

ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ǿƘŀǘ ΨǎǳǎǘŀƛƴŀōƭŜ ǘǊŀƴǎǇƻǊǘΩ ƳŜŀƴǎΣ ŀƴŘ ƭƻƻƪ ŦƻǊ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ǎŜǘ ƻŦ ƛƴŘƛŎŀǘƻǊǎ 

ǘƘŀǘ ƳŜŀǎǳǊŜ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƻŦ ǘǊŀƴǎǇƻǊǘ ǿƘƛƭŜ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ Ψstrong sustaina-

ōƛƭƛǘȅΩ. 
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3.4.1 Sustainability of transport in urban areas 

{ǳǎǘŀƛƴŀōƛƭƛǘȅ Ƙŀǎ ƎŀƛƴŜŘ ŀ ƭƻǘ ƻŦ ŀǘǘŜƴǘƛƻƴ ŀƴŘ άǎǇŀŎŜέ ƛƴ ŘŜǾŜƭƻǇƳŜƴǘ Ǉƭŀƴǎ ƻƴ ƴŀǘƛƻƴŀƭ 

ŀƴŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ƭŜǾŜƭǎΦ IƻǿŜǾŜǊΣ ƴƻ ŎƻƳƳƻƴ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ΨǎǳǎǘŀƛƴŀōƭŜ ǘǊŀƴǎǇƻǊǘΩ Ƙŀǎ ōŜŜƴ 

adopted globally (Berger et al., 2014; Bongardt, Schmid, et al., 2011; Brlek et al., 2020; Gud-

ƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффсΤ ¦bΣ нлмсύ ǿƘƛŎƘ ƳŀƪŜǎ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ƻŦ ƳŜŀǎǳǊŜǎ ƛƴ 

place challenging. Even more, poor understanding of what makes one moŘŜ ƻŦ ǘǊŀƴǎǇƻǊǘ Ψǎǳǎπ

ǘŀƛƴŀōƭŜΩ Ƙŀǎ ǊŜǎǳƭǘŜŘ ƛƴ ƛƴƴƻǾŀǘƛƻƴǎ ǿƛǘƘ ƘƛƎƘ ǇǊƻƳƛǎŜǎΣ ǎǳŎƘ ŀǎ ǇǊŜǾƛƻǳǎƭȅ ƳŜƴǘƛƻƴŜŘ Ŝ-scoot-

ŜǊǎΣ ǿƘƛŎƘ ŎƻƴǘƛƴǳŜ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ ΨǿŜŀƪ ǎǳǎǘŀƛƴŀōƛƭπ

ƛǘȅΩΦ 

When looking for a definition of sustainable transport, that would guide its future de-

velopment, it is important to reconsider the purpose or meaning of transport. According to Gud-

ƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс) passenger transport provides mobility and accessibility. Mobility is 

related to the ability of the 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 

ƘŀǾƛƴƎ ŀŎŎŜǎǎ ǘƻ ΨŀŎǘƛǾƛǘȅ ŦŀŎƛƭƛǘƛŜǎΩ ǿƘƛŎƘ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǊŜǉǳƛǊŜ ǘƘŜ ǇƘȅǎƛŎŀƭ movement of 

people. For this difference, DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс) argue that access, as the ability of 

ŎƛǘƛȊŜƴǎ ǘƻ ΨƎŜǘ ǿƘŀǘ ǘƘŜȅ ǿŀƴǘ ƻǊ ƴŜŜŘΩ ƛǎ ŀ ƳƻǊŜ ǊŜƭŜǾŀƴǘ ƳŜŀǎǳǊŜ ǘƘŀƴ ƳƻōƛƭƛǘȅΦ ¢Ƙƛǎ ǇŜǊǎǇŜŎπ

tive has also been adopted by some organisations such as the Winnipeg Centre for Sustainable 

TransportΣ ǿƘƛŎƘ ŘŜŦƛƴŜŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǎ ƻƴŜ ǘƘŀǘ άŀƭƭƻǿǎ ǘƘŜ ōŀǎƛŎ ŀŎŎŜǎǎ ƴŜŜŘǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ 

and societies to be met safely and in a manner consistent with human and ecosystem health, 

and with equity within and betǿŜŜƴ ƎŜƴŜǊŀǘƛƻƴǎέ όOurWinnipeg, 2011, p. 52). This implies that 

a reduction of the need to travel while having access to key places and goods is necessary if 

ǘǊŀƴǎǇƻǊǘ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ƛǎ ǘƻ ŀŎƘƛŜǾŜ ΨǎǳǎǘŀƛƴŀōƛƭƛǘȅΩΦ IƻǿŜǾŜǊΣ ǘƘŜ ƴŜŜŘ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜ ǎƻƭǳπ

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. 

aƻǎǘ ŘŜŦƛƴƛǘƛƻƴǎ ŀŎǊƻǎǎ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ƛƴŎƻǊǇƻǊŀǘŜ ǘƘŜ ΨǘƘǊŜŜ ǇƛƭƭŀǊǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ όƛΦŜΦΣ 

Tripple Bottom Line Approach) (Berger et al., 2014; Bongardt, Schmid, et al., 2011; Glover & Low, 

2020, Litman, 2021; Toth-Szabo et al., 2012; UN, 2016ύΦ 9ȄƛǎǘƛƴƎ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ΨǎǳǎǘŀƛƴŀōƭŜ 

ǘǊŀƴǎǇƻǊǘΩ ƘŀǾŜ ōŜŜƴ ŎƻƭƭŜŎǘŜŘ ŀƭƻƴƎ ǘƘƻǎŜ ǘƘǊŜŜ ŘƛƳŜƴǎƛƻƴǎ ŀƴŘ ŀǊŜ presented in Table 2. Some 

authors find that over time the definition has changed to embrace other impacts that transport 

has on society such as social equity, health and security, quality of life considerations and eco-

nomic growth (Berger et al., 2014). For example, Bongardt, Schmid, et al. (2011, p. 5) recognises 
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ǘƘŜ ƴŜŜŘ ŦƻǊ ΨǇŀǊǘƛŎƛǇŀǘƛƻƴΩ ǿƘŜǊŜ ǘǊŀƴǎǇƻǊǘ ƛǎ άǘƻ ōŜ ŘŜǎƛƎƴŜŘ ƛƴ ŀ ǇŀǊǘƛŎƛǇŀǘƻǊȅ ǇǊƻŎess, involv-

ƛƴƎ ŀƭƭ ǊŜƭŜǾŀƴǘ ǎǘŀƪŜƘƻƭŘŜǊǎ ƛƴ ŀƭƭ ǇŀǊǘǎ ƻŦ ǎƻŎƛŜǘȅέΦ  

Publication Environmental Social Economic 

UN, 2016, p. 10 άΦΦƳƛƴƛƳƛȊƛƴƎ ŎŀǊōƻƴ ŀƴŘ ƻǘƘŜǊ ŜƳƛǎǎƛƻƴǎ ŀƴŘ 
ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘǎΦΦέ 

άΦΦǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ǎŜǊǾƛŎŜǎ ŀƴŘ infrastructure for the mobility of people and goodsτ advancing eco-
ƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ǘƻ ōŜƴŜŦƛǘ ǘƻŘŀȅΩǎ ŀƴŘ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎτin a manner that is safe, 
ŀŦŦƻǊŘŀōƭŜΣ ŀŎŎŜǎǎƛōƭŜΣ ŜŦŦƛŎƛŜƴǘΣ ŀƴŘ ǊŜǎƛƭƛŜƴǘΣ Χέ 

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

άΦΦƭƛƳƛǘǎ ŜƳƛǎǎƛƻƴǎ ƻŦ ŀƛǊ ǇƻƭƭǳǘƛƻƴΣ DID ŜƳƛǎπ
sion, and waste and minimzes the impact on 
ǘƘŜ ǳǎŜ ƻŦ ƭŀƴŘ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ƴƻƛǎŜΦΦέ 

άΦΦŀƭƭƻǿǎ ǘƘŜ ōŀǎƛŎ ŀŎŎŜǎǎ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘ ƴŜŜŘǎ ƻŦ 
people to be met safely and proposes equity within 
ŀƴŘ ōŜǘǿŜŜƴ ǎǳŎŎŜǎǎƛǾŜ ƎŜƴŜǊŀǘƛƻƴǎΦΦέ 

άΦΦƛǎ ŀŦŦƻǊŘŀōƭŜ ǿƛǘƘƛƴ ǘƘŜ ƭƛƳƛǘǎ ōȅ ƛƴǘŜǊƴŀƭπ
ization of external costs, operates fairly and 
efficiently, and fosters a balanced regional 
ŘŜǾŜƭƻǇƳŜƴǘΦέ 

Litman, 2021, p. 8 ά[ƛƳƛǘǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǿŀǎǘŜ ǿƛǘƘƛƴ ǘƘŜ ǇƭŀƴŜǘΩǎ 
ability to absorb them, minimizes consumption 
of non-renewable resources, limits consump-
tion of renewable resources to the sustainable 
yield level, reuses and recycles its components, 
and minimizes the use of land and the produc-
ǘƛƻƴ ƻŦ ƴƻƛǎŜΦέ 

ά!ƭƭƻǿǎ ǘƘŜ ōŀǎƛŎ ŀŎŎŜǎǎ ƴŜŜŘǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ŀƴŘ ǎƻπ
cieties to be met safely and in a manner consistent 
with human and ecosystem health, and with equity 
ǿƛǘƘƛƴ ŀƴŘ ōŜǘǿŜŜƴ ƎŜƴŜǊŀǘƛƻƴǎΦΦέ 

άΦΦƛǎ ŀŦŦƻǊŘŀōƭŜΣ ƻǇŜǊŀǘŜǎ ŜŦŦƛŎƛŜƴǘƭȅΣ ƻŦŦŜǊǎ 
choice of transport mode, and supports a 
ǾƛōǊŀƴǘ ŜŎƻƴƻƳȅΦέ 

DǀǎǎƭƛƴƎ Ŝǘ ŀƭΦΣ 
2019, p. 52  

ά¢ǊŀƴǎǇƻǊǘŀǘƻƛƴ ǘƘŀǘ ŀƭƭƻǿǎ ǘƘŜ ōŀǎƛŎ ŀŎŎŜǎǎ ƴŜŜŘǎ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎ ŀƴŘ ǎƻŎƛŜǘƛŜǎ ǘƻ ōŜ ƳŜǘ ǎŀŦŜƭȅ ŀƴŘ ƛƴ ŀ 
manner consistent with human and ecosystem health, and with equity within and between genera-
ǘƛƻƴǎΦΦέ 

άΦΦƛǎ ŀŦŦƻǊŘŀōƭŜΣ ƻǇŜǊŀǘŜǎ ŜŦŦƛŎƛŜƴǘƭȅΣ ƻŦŦŜǊǎ 
choice of transport mode, and supports a 
ǾƛōǊŀƴǘ ŜŎƻƴƻƳȅΦέ 

Brlek et al., 2020, 
p. 74 

άΦΦǎȅǎǘŜƳ ǿƘŜǊŜ ŘƛŦŦŜǊŜƴǘ ƳŜŀƴǎ ƻŦ ǘǊŀƴǎǇƻǊǘ 
produce less pollution and consume least en-
ergy per kilometer traveled with the complete 
ǎŀŦŜǘȅ ŦƻǊ ǇŀǎǎŜƴƎŜǊΦΦέ 
 
άΦΦŘŜŎǊŜŀǎŜǎ emissions of greenhouse gases, air 
pollution, noise and minimise land consumption 
ōȅ ǘǊŀƴǎǇƻǊǘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦΦέ 

άΦΦǎƘƻǳƭŘ ŜƴǎǳǊŜ ǘƘŀǘ ǇŜƻǇƭŜϥǎ ƴŜŜŘǎ ŀǊŜ ƳŜǘ ǿƛǘƘ 
fair and equitable access to education, health ser-
vices, jobs and the market, on an intra- and inter-
ƎŜƴŜǊŀǘƛƻƴŀƭ ōŀǎƛǎΦΦέ 
 
άΦΦǎȅǎǘŜƳ ǘƘŀǘ ǿƛƭƭ ŎƻƳŜ ǿƛǘƘ ǊŜŀǎƻƴŀōƭŜ ŎƻǎǘǎΣ ǘƘŀǘ 
will operate efficiently and that will offer all popula-
tions a choice between different transport alterna-
ǘƛǾŜǎΦΦέ 

άΦΦǎƘƻǳƭŘ ŜƴŀōƭŜ ŜŦŦƛŎƛŜƴǘ ƳƻǾŜƳŜƴǘ ƻŦ 
passengers and goods, enable regionally 
balanced development while controlling fi-
nancial capacity and future burdens for 
ǇǊŜǎŜƴǘ ŀƴŘ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎΦΦέ 

ECMT, 2005 cited 
in (Toth-Szabo et 
al., 2012) 

άΦΦƭƛƳƛǘǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǿŀǎǘŜ ǿƛǘƘƛƴ ǘƘŜ ǇƭŀƴŜǘϥǎ 
ability to absorb them, uses renewable re 
sources at or below their rates of generation, 
and, uses non-renewable resources at or below 
the rates of development of renewable substi-
tutes while minimising the impact on the use of 
ƭŀƴŘ ŀƴŘ ǘƘŜ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ƴƻƛǎŜΦΦέ 

άΦΦŀƭƭƻǿǎ ǘhe basic access and development needs of 
individuals, companies and societies to be met 
safely and in a manner consistent with human and 
ecosystem health, and promotes equity within and 
ōŜǘǿŜŜƴ ǎǳŎŎŜǎǎƛǾŜ ƎŜƴŜǊŀǘƛƻƴǎΦΦέ 

άΦΦƛǎ ŀŦŦƻǊŘŀōƭŜΣ ƻǇŜǊŀǘŜǎ ŦŀƛǊƭȅ ŀƴd effi-
ciently, offers choice of transport mode, 
and supports a competitive economy, as 
ǿŜƭƭ ŀǎ ōŀƭŀƴŎŜŘ ǊŜƎƛƻƴŀƭ ŘŜǾŜƭƻǇƳŜƴǘΦέ 
 

Hall and Sussman, 
2004, cited in 
Glover & Low, 
2020, p. 16 

ά{ǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ǎǳǇǇƻǊǘǎΣ ǊŜƛƴŦƻǊŎŜǎΣ 
and facilitates national policies that aim to re-
duce the throughput of natural and manmade 
resources to rates within the carrying capacity 
ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦέ 

  

OECD, 1996, cited 
in Glover & Low, 
2020, p. 16 

ά5ƻŜǎ ƴƻǘ ŜƴŘŀƴƎŜǊ ǇǳōƭƛŎ ƘŜŀƭǘƘ ƻǊ ŜŎƻǎȅǎǘŜƳǎ ŀƴŘ meets needs for access consistent with (a) use of 
renewable resources at below their rates of regeneration and (b) use of non-renewable resources at be-
ƭƻǿ ǘƘŜ ǊŀǘŜǎ ƻŦ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǊŜƴŜǿŀōƭŜ ǎǳōǎǘƛǘǳǘŜǎΦέ 

 

Dalkmann and 
Huizenga, 2010, 
cited in (Bongardt, 
Schmid, et al., 
2011), p. 6 

ά[ƻǿ-carbon, sustainable transport reduces 
short and long term negative impacts on the lo-
Ŏŀƭ ŀƴŘ Ǝƭƻōŀƭ ŜƴǾƛǊƻƴƳŜƴǘǎΦΦέ 

άΦΦǎŜŎǳǊŜ ŀŎŎŜǎǎ ŦƻǊ ōƻǘƘ ǇŜǊǎƻƴǎ ŀƴŘ ƎƻƻŘǎΦΦέ άΦΦƘŀǎ ŜŎƻƴƻƳƛŎŀƭƭȅ ǾƛŀōƭŜ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 
and ƻǇŜǊŀǘƛƻƴΧέ 

TABLE 2: DIFFERENT DEFINITIONS OF ΨSUSTAINABLE TRANSPORTΩ AMONG THREE PILLARS OF SUSTAINABILITY. 

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

crisis, Glover & Low (2020) are of opinion 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 in Glover & Low, 2020) which acknowledges transport as one of the drivers 

of anǘƘǊƻǇƻƎŜƴƛŎ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŘŜŦƛƴŜǎ ƛǘ ŀǎ ŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ άǎǳǇǇƻǊǘǎΣ ǊŜƛƴπ

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

ǊŜǎƻǳǊŎŜǎ ǘƻ ǊŀǘŜǎ ǿƛǘƘƛƴ ǘƘŜ ŎŀǊǊȅƛƴƎ ŎŀǇŀŎƛǘȅ ƻŦ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘέΦ Lƴ addition, Glover & Low 
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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 strong sustainability have been considered by DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ 

(1996) who adopted the four operational principles of sustainability put forward by Daly (1991, 

p. 44 - 45) which are (1) limiting the human scale (i.e., throughput); (2) increasing the efficiency 

rather than the throughput of technologies; (3) exploiting renewable resources, and their source 

(i.e., provision of natural goods and services such as oxygen or drinking water) and sinks (i.e., 

absorption of waste) functions on a profit-maximising sustained yield basis which does not drive 

into extinction, and lastly (4) that non-renewable resources should be exploited, but at a rate 

equal to the creation of renewable substitutes. 

According to DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс), the current mobility patterns 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 system, GudmuƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффсύ ŀǊƎǳŜ ǘƘŀǘ ǘƘŜ ŦƛǊǎǘ ǇǊƛƴŎƛǇƭŜ ƻŦ ΨƭƛƳƛǘƛƴƎ ƘǳƳŀƴ 

ǎŎŀƭŜΩ ƛǎ ǎǳǇŜǊƛƻǊ ǘƻ ǘƘŜ ƻǘƘŜǊ ǘƘǊŜŜ ƛƴ ƻǊŘŜǊ ǘƻ Ƴŀƛƴǘŀƛƴ ŀƴ ΨŜŎƻƭƻƎƛŎŀƭƭȅ ǎǘŀōƭŜ ŎƻƳƳǳƴƛǘȅΩΦ 

However, DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс, p. 272) also warn of the four principles not being suffi-

ŎƛŜƴǘ ŀǎ ƴƻǘ ŀƭƭ άƴŀǘǳǊŜΩǎ ǎȅǎǘŜƳƛŎ ǾŀƭǳŜǎ Ŏŀƴ ōŜ ǊŜƭŀǘŜŘ ǘƻ ǎŎŀƭŜǎ ŀƴŘ ƭƛƳƛǘǎέΦ CƻǊ ŜȄŀƳǇƭŜΣ ōƛƻπ

diversity is very important and essential for the preservation of natural capital, however, it is 

hard to define what level of biodiversity is appropriate (DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффсΤ wƻŎƪǎǘǊǀƳ 

et al., 2009). As wƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦ όнллф) mention, the current rate of biodiversity loss has already 

transgressed its limits which is likely to lead to the transgression of other boundaries and irre-

versible changes in tƘŜ 9ŀǊǘƘ ǎȅǎǘŜƳΦ CƻǊ ǘƘƛǎ ǊŜŀǎƻƴΣ ǎƻƳŜ ΨǊŜŘǳƴŘŀƴŎȅΩ ƛǎ ƴŜŜŘŜŘ ǿƘŜƴ ŘŜǘŜǊπ

ƳƛƴƛƴƎ ǘƘŜ άŀǇǇǊƻǇǊƛŀǘŜέ ƭŜǾŜƭ ƻŦ ōƛƻŘƛǾŜǊǎƛǘȅ ƭƻǎǎΦ CǳǊǘƘŜǊƳƻǊŜΣ 5ŀƭȅΩǎ όмффмύ ǇǊƻǇƻǎŀƭ ƻŦ ŦƻǳǊ 

ǇǊƛƴŎƛǇƭŜǎ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ƴŜƎƭŜŎǘǎ ǘƘŜ ǊƻƭŜ ƻŦ ǉǳŀƭƛǘŀǘƛǾŜ ΨŘŜǾŜƭƻǇƳŜƴǘΩ ƛƴ ƛƳǇǊƻǾƛƴg human 

wellbeing and increasing quality of life. For this reason, DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс, p. 273) 

ŘŜŦƛƴŜ ΨǎǳǎǘŀƛƴŀōƭŜΩ ŀǎ ǘƘŜ άŎǊƛǘŜǊƛŀ ŦƻǊ ǘƘŜ ƭƻƴƎ-term stability of the social system, relevant for 

ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎέ ǿƘƛƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ƛǎ έǇŜǊŎŜǇǘƛōƭŜ improvement of the quality of human 

ƭƛŦŜΣ ƻŦ ǿƘƛŎƘ ŎƻƴǎǳƳǇǘƛƻƴ ŦƻǊ ǘƘŜ ǇǊŜǎŜƴǘ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ŜƭŜƳŜƴǘέΦ  

Due to these differences, DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс) developed four further sustainable 

principles that the development of transport should follow which are summarized below.  

1. PRESERVING NATURAL RESOURCES FOR FUTURE GENERATIONS: (a) Use of non-renewable 

resources: If transport is to become more sustainable, the production process of transport-
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related consumption of non-renewable resources should be considered. For example, vehi-

cles should be designed for recycling to reduce the extraction and use of non-renewable 

resources. Other inputs (materials and energy) in the production and recycling process 

should be accounted for. (b) Use of renewable resources: Currently, transport heavily relies 

on non-renewable resources of energy which contributes to its strong unsustainability. If 

transport is to become more sustainable, it should use renewable resources as the main 

source of propulsion. (c) Use of ecosystems as sinks: The environment currently serves as a 

ΨǎƛƴƪΩ ŦƻǊ ƴŜƎŀǘƛǾŜ ǘǊŀƴǎǇƻǊǘ ŜȄǘŜǊƴŀƭƛǘƛŜǎ ǿƘƛŎƘ ƛǎ Ŏŀƴ ōŜ ƻōǎŜǊǾŜŘ ƛƴ ƳǳƭǘƛǇƭŜ ǇƘŜƴƻƳŜƴŀ 

such as fast-changing climate, depletion of the ozone layer, acidification and eutrophication, 

and accumulation of heavy metals in topsoils, among others. That, however, could have 

long-term negative effects, hence, using transport as a sink should be of great concern and 

part of the discussion. (d) Preservation 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 bridges for wildlife over high-

ways), DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс) emphasise the overall need to restrict expansion of 

transport systems or limiting the current system. 

2. PRESERVING THE OPTION VALUE OF HUMAN AND HUMAN-MADE CAPITAL FOR FUTURE 

GENERATIONS: The society has some capital (human or human-made) base which contrib-

utes to the development and enhancement of other capital assets in society (development). 

IŜƴŎŜΣ ǎǳǎǘŀƛƴƛƴƎ ǘƘƛǎ ŎŀǇƛǘŀƭ ŦƻǊ ŦǳǘǳǊŜ ƎŜƴŜǊŀǘƛƻƴǎ ƛǎ ƻŦ ŎǊǳŎƛŀƭ ƛƳǇƻǊǘŀƴŎŜ ŦƻǊ ǘƘŜ άŜƴπ

hancement of human knowledge and technical skills such as the discovery of new resources 

ŀƴŘ ƛŘŜŀǎέ όDǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффс, p. 278). In order for societies to be able to cope 

with future scarcities, it will be even more important to maintain the physical flexibility pro-

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 

ŀ άǎƻŎƛŀƭƭȅ ŘŜǎǘǊǳŎǘƛǾŜ ǿŀȅ ƻŦ ǎŀŦŜƎǳŀǊŘƛƴƎ ŀŎŎŜǎǎ ŦƻǊ ŦǳǘǳǊŜ ƎŜƴŜrations to what they want 

ƻǊ ƴŜŜŘέ όDǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффс, p. 278). DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс) rather sug-

gest that other alternatives to resource- and energy-intensive transport should be consid-

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

3. IMPROVING QUALITY OF LIFE FOR INDIVIDUALS: DǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊ όмффс) mention 

the need for a set of indicators that comprehensively assess the impacts on quality of life 

from transport-related decisions as they can have positive effects (mobility, access, 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 well-being. In addition to using the economic 

evaluation metrics such as CBA, they suggest the applicatƛƻƴ ƻŦ ƳǳƭǘƛǇƭŜ ΨǾŀƭǳŜ ǎȅǎǘŜƳǎΩ 

(e.g., regulatory philosophy, absolute measures based on physical and social health criteria) 

ǘƘŀǘ ǎƘƻǳƭŘ ōŜ ŘŜǾŜƭƻǇŜŘ ǘƘǊƻǳƎƘ άƻǇŜƴ ǇƻƭƛǘƛŎŀƭ ǇǊƻŎŜǎǎŜǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǎŎƛŜƴǘƛŦƛŎ ŀŘǾƛŎŜ 

and public opinion, and not only economƛŎ ŎŀƭŎǳƭǳǎέ όDǳŘƳǳƴŘǎǎƻƴ ϧ IǀƧŜǊΣ мффс, p. 279). 

4. ENSURING A FAIR DISTRIBUTION OF LIFE-QUALITY: According 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., car-dominated culture 

has been extremely beneficial for 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 groups of people. Less affluent part of the society was suddenly faced with the 

loss of space (e.g., natural or built environment primarily to be used by citizens), and insuf-

ficient capacities of previous transport modes (e.g., of active modes or public transport) to 

ǊŜŀŎƘ ŘƛŦŦŜǊŜƴǘ ƭƻŎŀǘƛƻƴǎ ŘǳŜ ǘƻ ΨǳǊōŀƴ ǎǇǊŀǿƭΩΦ LŦ ǘǊŀƴǎǇƻǊǘ ƛǎ ǘƻ ōŜŎƻƳŜ ΨǎǳǎǘŀƛƴŀōƭŜΩ ƛǘ 

should halt the development of unfair distribution of mobility, which has contributed to a 

larger gap among the rich and poor citizens regionally and globally. 

Among, the reviewed literature the most comprehensive definition of sustainable transport 

that also integrates some of the above-mentioned principles was provided by Hall (2006, cited 

in Joumard & Gudmundsson, 2010) (see Table 3).
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TABLE 3: A COMPREHENSIVE DEFINITION OF SUSTAINABLE TRANSPORT (SOURCE: HALL, 2006, CITED IN JOUMARD & GUD-

MUNDS-SON, 2010). 

3.4.2 Indicators of sustainability of urban transport 

Current issues help determine the goals of sustainable transport which have to be meas-

ǳǊŜŘΣ ƘŜƴŎŜ ǘƘŜ ƴŜŜŘ ŦƻǊ ƛƴŘƛŎŀǘƻǊǎΦ LƴŘƛŎŀǘƻǊǎ ŀǊŜ άŀ ǾŀǊƛŀōƭŜΣ ōŀǎŜŘ ƻƴ ƳŜŀǎǳǊŜƳŜƴǘǎΣ ǊŜǇǊŜπ

senting as ŀŎŎǳǊŀǘŜƭȅ ŀǎ ǇƻǎǎƛōƭŜ ŀ ǇƘŜƴƻƳŜƴƻƴ ƻŦ ƛƴǘŜǊŜǎǘΣ ŀƴŘ ŀ ǘƻƻƭ ŦƻǊ ƳŜŀǎǳǊƛƴƎ ƛƳǇŀŎǘέ 

(Joumard & Gudmundsson, 2010, p. 67).  They are important because they help measure pro-

gress towards our objectives and goals (Litman, 2021). However, compiling a comprehensive list 

ƻŦ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ŀǊŜ ŀƭǎƻ άŎƻƴǾŜƴƛŜƴǘέ όƛΦŜΦΣ ǇǊƻǾƛŘŜŘ ƛƴ ǎǳŎƘ ŀ ǿŀȅ ǘƘŀǘ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀŎǘǳŀƭƭȅ ŀǊŜ 

able to use them) is difficult (Joumard & Gudmundsson, 2010; Litman, 2021). As multiple au-

thors mention, having a comprehensive list of indicators might 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 

long-term effects if decisions 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 following section 
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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 post-COVID-19 world to provide 

access to all citizens while acknowledging the principles ƻŦ ΨǎǘǊƻƴƎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅΩ ŀǊŜ ǇǊƻǾƛŘŜŘΦ 

Bongardt, Schmid, et al. (2011) provides a list of ten key indicators for the attainment of 

different goals of sustainable transport that serve as a starting point for further discussion 

among stakeholders. In addition to the three pillars of sustainability, Bongardt, Schmid, et al. 

(2011) also provides the fourth one ς governance. See Table 4: 

 

TABLE 4: INITIAL SUGGESTION FOR TEN KEY INDICATORS FOR MORE SUSTAINABLE TRANSPORT (SOURCE: BUENO ET AL., 2021, 
P. 12). 

Sustainable Urban Mobility Indicators (SUMI) (see Table 5) by the EC (European Commis-

sion, n.d.ύ ŀǊŜ ŀƴƻǘƘŜǊ ǎŜǘ ƻŦ ƛƴŘƛŎŀǘƻǊǎ ǘƘŀǘ ƘŜƭǇ ŎƛǘƛŜǎ ƳŜŀǎǳǊŜ ǘƘŜƛǊ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘǎ Ψǎǳǎǘŀƛƴπ

ŀōƭŜ ǘǊŀƴǎǇƻǊǘΩΦ ¢ƘƻǎŜ ƛƴŘƛŎŀǘƻǊǎ ŀǊŜ said to be practical, reliable and comprehensive and have 

ōŜŜƴ άǘŜǎǘŜŘέ ƛƴ a pilot project with fifty participating cities between 2017-2020. The set of in-

dicators consists of 13 core indicators and 5 non-core indicators.  
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TABLE 5: A LIST OF SUMI INDICATORS WITH THEIR DESCRIPTION (SOURCE: RUPPRECHT CONSULT, 2020, P. 6). 

Based on the literature review, Medina et al. (2020) compiled a list of 42 indicators 

(see Figure 7) for measuring the sustainability of transport along five key dimensions (environ-

ment and human health; economic and social, operational, fiscal and governance, and the mo-

bility system effectiveness and land use) (Medina et al., 2020, p. 617). Although the indicators 

are good in terms of their measurability (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 

amƻƴƎ ǘƘŜ ƛƴŘƛŎŀǘƻǊǎ ŀƴŘ ǘƘŜ Ǝƻŀƭ ƻŦ ǎǳǎǘŀƛƴŀōƭŜ ǘǊŀƴǎǇƻǊǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ƛƴŎƭǳŘƛƴƎ ΨǇŀǊƪƛƴƎ Ŏŀπ

ǇŀŎƛǘȅΩ όƛΦŜΦΣ ƴǳƳōŜǊ ƻŦ ǇŀǊƪƛƴƎ ǎǇŀŎŜǎ ǇŜǊ ŎƛǘƛȊŜƴύ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ƛƴŘƛŎŀǘƻǊǎ ƻŦ άǎǳǎǘŀƛƴŀōƛƭƛǘȅέ 

goes against the goal of decreasing car traffic in cities, decreasing noise and air pollution, in-

creasing security etc. 
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FIGURE 7: FRAMEWORK WITH DIFFERENT DIMENSIONS OF SUSTAINABLE TRANSPORT (IN BLACK) AND INDICATORS (IN WHITE) 
(SOURCE: MEDINA ET AL., 2020, 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 comprehensive ap-

proach to addressing the complexity of environmental issues. That is approached through a sys-

ǘŜƳƛŎ ŀǇǇǊƻŀŎƘ ŎŀƭƭŜŘ ǘƘŜ ΨŎƘŀƛƴ ƻŦ ŎŀǳǎŀƭƛǘƛŜǎΩΣ ǿƘƛŎƘ ŘŜǎŎǊƛōŜǎ ŀƭƭ όǇƻǎǎƛōƭŜύ ƛƳǇŀŎǘǎ ƻŦ 

ǘǊŀƴǎǇƻǊǘ ƻƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘΦ CƻǊ ŜȄŀƳǇƭŜΣ ΨƛƳǇŀŎǘ ƻƴ ƭŀƴŘΩ ǊŜǎǳƭǘǎ ƛƴ ƭŀƴŘ ǘŀƪŜΣ Ƙŀōƛǘŀǘ ŦǊŀƎπ

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. 

CƻǊ ŜȄŀƳǇƭŜ ΨƭŀƴŘ ǘŀƪŜΩ ǊŜǎǳƭts in the loss of natural habitats, degradation 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 








































































































































































































