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Transport plays a key role in the climate crisis

https://ec.europa.eu/clima/policies/transport_en

Transport represents almost a 
quarter of Europe's greenhouse 
gas emissions and is the main 
cause of air pollution in cities.
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Transport represents almost a 
quarter of Europe's greenhouse 
gas emissions and is the main 
cause of air pollution in cities.

Transport plays a key role in the climate crisis



But what about E-cars?



E-cars are not THE solution: Replacement takes too long

https://www.ox.ac.uk/news/2021-06-14-obsessing-over-electric-
cars-impeding-race-net-zero-more-active-travel-essential Brand et al, Trans Res D 93 (2021)



E-cars are not THE solution: Cars take too much space

E-car

Prieto Curiel et al, R Soc Open Sci 8 (2021)



You can't beat geometry: Cars will ALWAYS be inefficient

Harms and Kansen, Netherlands Institute for Transport Policy Analysis (2017)
Szell, Urb Plan 3, 1-20 (2018)



There are huge differences between car and bike parking

whatthestreet.com
Szell, Urb Plan 3, 1-20 (2018)



There are huge differences between car and bike parking

whatthestreet.com
Szell, Urb Plan 3, 1-20 (2018)



Reclaiming parking is key to the livability crisis

Groningen

Denver



E-cars are not THE solution: >50% of particles are from non-exhaust

Jeong, Ryu, & Ra, Env Pol 292 (2022)



Cycling is a time-tested solution that delivers on 11 SDGs

https://unric.org/en/sustainable-development-goals-cycling/



More active travel is also an economic "no-brainer"

Cost-benefit analysis in EU that accounts for 

- Health
- Environment
- Travel / Congestion

shows: 

Gössling et al, Ecol Econ 158 (2019)
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Cost-benefit analysis in EU that accounts for 

- Health
- Environment
- Travel / Congestion

costs 
0.11 €

shows: 1 km travelled by 

brings 
0.18 €

brings 
0.37 €

More active travel is also an economic "no-brainer"



More active travel is associated with fewer road deaths

Klanjcic et al, socarxiv:89cyu (2021)

http://osf.io/89cyu


More active travel is crucial to 
make cities better.

How to build bicycle infrastructure?



How to build bicycle infrastructure?

We have great 
planning guides.



 

But no knowledge: 

- on the fundamental 
topological limitations of 
network growth

- or on how hard/easy it is 
to fix existing networks

We have great 
planning guides.

How to build bicycle infrastructure?



All our research builds on OpenStreetMap (OSM)

OSM data are quite reliable in western countries
Haklay et al, Cart J 47 (2010)

Barrington-Leigh & Millard-Ball, PLOS ONE 12, (2017)



Different cities need different strategies



1) Connecting bicycle networks



Cities have different transport network layers

Natera Oroczo et al, R Soc Open Sci 7 (2020)   



Bicycle networks are highly fragmented

Natera Oroczo et al, R Soc Open Sci 7 (2020)   



Bicycle networks are highly fragmented

1) In London, the largest connected bicycle 
component covers only 5% of nodes



Bicycle networks are highly fragmented

2) In London, the bicycle network has 
>3000 disconnected components



Bicycle networks are highly fragmented

Natera Oroczo et al, R Soc Open Sci 7 (2020)   



How should we connect the components?

Largest to  
closest

Natera Oroczo et al, R Soc Open Sci 7 (2020)   



How should we connect the components?

Largest to  
closest

Largest to  
second largest

Closest 
components

Random to  
closest

Natera Oroczo et al, R Soc Open Sci 7 (2020)   



Effective connectivity improvements are possible

 
Small but focused investments connect the bicycle network effectively

Natera Oroczo et al, R Soc Open Sci 7 (2020)   



Just connecting components comes with 3 issues

1) No resilience



Just connecting components comes with 3 issues

1) No resilience 2) Develops only 
developed areas

Pereira, Schwanen & Banister, Trans Rev 37 (2017)



Just connecting components comes with 3 issues

1) No resilience 2) Develops only 
developed areas

3) Irrelevant for >99% 
of cities on the planet

Los Angeles



Let's grow networks 
from scratch



2) Growing bicycle networks



Inspired by CROW, we want a cohesive network

Connectedness & Resilience

Szell et al., arxiv:2107.02185 (2021)



Inspired by CROW, we want a cohesive network

Connectedness & Resilience

Szell et al., arxiv:2107.02185 (2021)



Inspired by CROW, we want a cohesive network

& CoverageConnectedness & Resilience



We build a greedy triangulation between points of interest

Szell et al., arxiv:2107.02185 (2021)



We build a greedy triangulation between points of interest

Szell et al., arxiv:2107.02185 (2021)



We build a greedy triangulation between points of interest

Szell et al., arxiv:2107.02185 (2021)



We explore 62 cities

Szell et al., arxiv:2107.02185 (2021)



Result 1: First there is decreasing return of investment!

The pieces need 
to connect and  
to form cycles

Szell et al., arxiv:2107.02185 (2021)



Policy implication 1: Invest persistently!

https://twitter.com/BrentToderian/status/1420907319982915587?s=20



Result 2: It's not a network's length that matters but how you grow it

At same length, we could 
do much better



Result 2: It's not a network's length that matters but how you grow it

At same length, we could 
do much better



Policy implication 2: Strategy matters: Build for the whole city

Avoid "random-like", 
piecewise growth



Easier said than done - Isn't this unrealistic??



Nope: See Seville Also: Paris, Oslo, ...

https://usa.streetsblog.org/2020/10/13/best-practices-how-seville-became-a-city-of-cyclists/

Easier said than done - Isn't this unrealistic??

There is 
no excuse



Our procedure generates a first cohesive network

Population density

Can be refined arbitrarily:

Road type
Inclination
Traffic / Stress

....

Open-sourced at:

Routes

https://github.com/mszell/bikenwgrowth



Explore your city at GrowBike.Net

http://GrowBike.Net


3) Fixing bicycle networks



How to find the missing links in well-developed networks?

In Copenhagen, most of the 
network is 1 connected component.



How to find the missing links in well-developed networks?

Still, there are a lot of 
"missing links".

How to find them?  
How to prioritize them?

In Copenhagen, most of the 
network is 1 connected component.
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From map to gap: IPDC

1) Identify gaps
2) Prioritize gaps
3) Decluster gaps
4) Classify gaps



A gap is a shortest path  
between two contact nodes  
that consists only of unprotected links

Multiplex network

1) Identify: We need a formal definition of “gap”

Links
1) unprotected
2) protected

Nodes
1) unprotected
2) protected
3) contact

Vybornova et al, Geographical Analysis (2022, in print)



2) Prioritize

We could find millions of gaps… 1 2

3We need a metric to prioritize them.

Vybornova et al, Geographical Analysis (2022, in print)



2) Prioritize

“If this gap was closed, how 
many meters cycled in mixed 
traffic would be avoided per 
investment unit?”

1 2

3

Vybornova et al, Geographical Analysis (2022, in print)



We can use betweenness centrality as a proxy for flow

CB(i) = ∑
i≠j≠k

σjk(i)
σjk



4) Classify: Our top 105 gaps

Vybornova et al, Geographical Analysis (2022, in print)



The most important gaps are bridges

Knippelsbro

Vybornova et al, Geographical Analysis (2022, in print)



Evaluation: Comparison with Cykelsti-Prioriteringsplan

Cykelsti-Prioriteringsplan 2017



Evaluation: Comparison with Cykelsti-Prioriteringsplan



Nørregade Rantzausgade

Evaluation: We find many overlaps



Østerport Sølvtorvet

Evaluation: We find many overlaps



If your city is:

Los Angeles
not developed

Grow persistently with  
focused investments



If your city is:

BudapestLos Angeles
not developed

Grow persistently with  
focused investments

medium developed

Connect with  
right strategy



If your city is:

BudapestLos Angeles Copenhagen
not developed

Grow persistently with  
focused investments

medium developed

Connect with  
right strategy

well developed

Close the most  
important gaps



If your city is:
not developed

Grow persistently with  
focused investments

medium developed

Connect with  
right strategy

well developed

Close the most  
important gaps

https://arxiv.org/abs/2107.02185 https://royalsocietypublishing.org/
doi/10.1098/rsos.201130

https://arxiv.org/abs/2201.03402

https://arxiv.org/abs/1907.07080
https://arxiv.org/abs/1907.07080


Szell et al, arxiv:2107.02185 (2021)
Klanjcic et al, socarxiv:89cyu (2021)

Natera Oroczo et al, R Soc Open Sci 7 (2020)   
Vybornova et al, Geographical Analysis (2022, in print)

http://osf.io/89cyu


E-cars help against CO2, but only as a LAST RESORT

To make cities better, we need radical transformation ASAP



E-cars help against CO2, but only as a LAST RESORT

To make cities better, we need radical transformation ASAP

IPCC AR6 Part II (2022)



Why is it 
so hard?

Mattioli et al, Energy Research & Social Science 66 (2020): 101486 

To make cities better, we need radical transformation ASAP



Resch & Szell, ISPRS Int J Geo-Inf 8, 584 (2019)

We need a:

Michael Szell @mszll
nerds.itu.dk @nerdsitu


