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Summary
Auditees: The Swedish Transport Administration and the Swedish Transport Agency on 
Audit criteria: the Parliament’s objective to improve conditions for cyclists. 

Our assessment: The central government’s efforts have not been effective. Measures 
implemented by the Government and agencies in the form of regulation, infrastructure 
and other governance have not contributed in any substantial way to more and safer 
cycling. 

The ambitious objectives set by the Parliament and the Government have not been 
matched by measures that sufficiently impact actual conditions.



Contribution of the quantitative study to the audit

• Provided the first overall picture of bicycle accessibility in commuting routes and 
identified state responsibility for major shortcomings.

• Formed the factual basis for the audit’s background and conclusions, adding genuinely 
new knowledge.

• Gave the project team a quantitative foundation that aligned with case studies and 
strengthened interviews with state representatives.

• The results where consistent with our investment analyses (analysis of preparatory 
work for infrastructure investments), leading to sharper criticism of the state due to 
low ambition despite evident shortcomings.
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Presentationsanteckningar
The contribution of the quantitative study to the audit:
Before the audit, there was no overall picture of the accessibility of bicycle traffic in different commuting relations in Sweden, nor of which road authorities were responsible for inadequate versus good cycling infrastructure.
Having knowledge of this was crucial in order to understand whether the state’s work was sufficient or not, and thereby to determine how critical we could be in our conclusions. The Government and the Swedish Transport Administration initially had the view that municipalities bear the main responsibility for infrastructure, which (speculatively) may have meant that they did not see their own responsibility. We produced a fact-based overall picture of bicycle traffic accessibility that pointed to the state having a major responsibility for shortcomings.

We could also use the accessibility study in the audit’s background description to contribute genuinely new knowledge.

The overall picture gave the project group a quantitative basic understanding of the state of cycling infrastructure, which enabled deeper analysis in other areas. In Chapter 5, we conducted case studies of state (cycling) road projects, where we could see that the picture regarding deficiencies in the state’s construction of cycle paths matched well with the quantitative insights provided by the accessibility study. The results were also useful in interviews, for example to deepen discussions around claims or explanations from state representatives that we saw lacked support in the picture provided by the accessibility study.

In Chapter 4, we analyzed whether cycling was well represented in the preparatory work for new investments, as well as whether funds were allocated to cycling measures to a reasonable extent. In these parts too, we saw a clear consistency with the picture we obtained from the accessibility study. Criticism of the state also became partly harsher because we saw that despite the clear shortcomings highlighted by the accessibility study, the level of ambition in the preparatory and inventory work was relatively low.

____________________________________________________________________________


Kvantstudiens bidrag till granskningen:
Det saknades inför granskningen en helhetsbild av hur framkomligheten såg ut för cykeltrafiken i olika pendlingsrelationer i Sverige, och vilka väghållare som ansvarade för bristande respektive god cykelinfrastruktur. 
Att ha kunskap om detta var avgörande att förstå om statens arbete var tillräckligt bra eller inte, och därmed för hur kritiska vi kunde vara i slutsatserna. Regeringen och Trafikverket hade inledningsvis inställningen att kommunerna har huvudansvaret för infrastrukturen, vilket (spekulativt) kan ha inneburit att man inte såg sitt eget ansvar. Vi fick fram en faktabaserad helhetsbild av cykeltrafikens framkomlighet som pekade på att staten hade ett stort ansvar för brister. 
Vi kunde också använda framkomlighetsstudien i granskningens bakgrundsbeskrivning för att bidra med genuint ny kunskap.
 
Helhetsbilden gav projektgruppen en kvantitativ grundförståelse för hur cykelinfrastrukturen ser ut som möjliggjorde fördjupningar i andra analyser. I kapitel 5 gjorde vi fallstudier om statliga (cykel)vägprojekt där vi kunde se att bilden avseende brister i det statliga byggandet av cykelvägar stämde väl överens med de kvantitativa insikter som framkomlighetsstudien gav. Resultaten var också användbara i intervjuer för att t.ex. fördjupa diskussionen kring påståenden eller förklaringar från statliga företrädare som vi såg saknade grund i den bild som framkomlighetsstudien gav.
 
I kapitel 4 analyserade vi om cykeln var väl representerad i utredningsarbetet för nya investeringar, samt om pengar fördelades till cykelåtgärder i rimlig omfattning. Även i dessa delar såg vi tydlig överrensstämmelse med bilden vi fick i framkomlighetsstudien. Kritiken av staten blev delvis också hårdare eftersom vi såg att trots de tydliga brister som framkomlighetsstudien pekade på var ambitionsnivån i utrednings- och inventeringsarbetet relativt låg. 




Data
We were in luck: 

• We discovered that a consultancy group had created a map service for people who 
want to find quality cycling routes between A and B. Kind of like Google Maps but this 
route-finding algorithm took bicycle path qualities into account.

• The underlying data was publicly available

• Official data from the National Road Database.

• Classification method (mainly car flow rate and maximum speed) developed by the 
consultancy group. All was available in SHAPE-files.

• Other geopackages (Urban areas) downloaded from Statistics Sweden .

• But the mapping tool is for ad-hoc travel, we want to measure relevant overall cycling 
accessibility



Is the quality of the bicycle road 
network sufficient?

- How to operationalize this?

What roads are relevant? 

What is more important?

Our focus is the plausible bicycle commutor. –
Thus, we do not consider all roads in Sweden 
and not all roads are equally important.



Defining our population helps clarifying the structure and what is 
important

• We consider the 100 largest urban areas in Sweden, called ”Central areas”.

• From each centroid of these areas, we include other urban areas within a 25 km radius

– 2 484 unique origin-destination pairs

– For each origin-destination pair we compute 4 distances

• Type 0: as the crow flies

• Type 1: Shortest legal route

• Type 2: Connected traffic safe route (allows for 1 percent unsafe track) 

• Type 2 soft: Allows unsafe tracks (but only if there is no other way)

• Type 3: Shortest car route



Objective
Provide the project group with a single table 
with multiple indicators derived from 
different assumptions and 
hyperparameters.

Each row is an origin-destination pair with 
different distance measures depending on 
the restrictions we assert on the model to 
find the nearest route.



Example: Bollnäs
Population in urban center: ~14,000

Neighboring urban areas: 14

 Bandy (Team: Bollnäs GIF)

 Bollnäs (medieval) Church 

 Hälsingegårdar – World Heritage Farms

 Hiking & Scenic Lookouts

 Epic Nature Trails

 Växbo Lin (traditionally made linnen factory)



Urban area
Road classification

B1, Very low-traffic or narrow road suitable for all cyclists
B2, Low-traffic road suitable for more experienced cyclists
B3, Road unsuitable for most cyclists
B4, Road unsuitable for all cyclists
B5, Motorway or expressway where cycling is prohibited
C1, Paved cycle path separated from motor vehicle traffic
C2, Unpaved cycle path separated from motor vehicle traffic
C3, Cycle lane (in street), separated from other traffic by road markings
G1, Gravel road of assumed higher standard
G2, Other gravel road



Car route
Fastest legal bicycle route
Safe bicycle route
Urban area

Road classification
B1, Very low-traffic or narrow road suitable for all cyclists
B2, Low-traffic road suitable for more experienced cyclists
B3, Road unsuitable for most cyclists
B4, Road unsuitable for all cyclists
B5, Motorway or expressway where cycling is prohibited
C1, Paved cycle path separated from motor vehicle traffic
C2, Unpaved cycle path separated from motor vehicle traffic
C3, Cycle lane (in street), separated from other traffic by road markings
G1, Gravel road of assumed higher standard
G2, Other gravel road



Car route
Fastest legal bicycle route
Safe bicycle route
Lakes
Urban area



Car route
Fastest legal bicycle route
Safe bicycle route
Lakes
Urban area

centralort tatort typ0 pop_central pop_tatort gravitation typ1 typ2 typ2_soft typ3 typ2_soft/typ0 typ2_soft/typ1
Bollnäs Freluga 5650 14033 200 0,09 6107 8147 6425 1,4 1,3
Bollnäs Rengsjö 12082 14033 243 0,02 13894 31057 13810 2,6 2,2
Bollnäs Segersta 16221 14033 248 0,01 19227 19976 19148 1,2 1,0
Bollnäs Sibo 19014 14033 256 0,01 20985 28077 21246 1,5 1,3
Bollnäs Viksjöfors 22978 14033 257 0,01 25575 38605 26124 1,7 1,5
Bollnäs Runemo 13470 14033 257 0,02 15491 18531 16027 1,4 1,2
Bollnäs Vallsta 19046 14033 268 0,01 20993 50695 21035 2,7 2,4
Bollnäs Lottefors 7418 14033 358 0,09 7972 8963 8018 1,2 1,1
Bollnäs Vannsätter 23686 14033 362 0,01 29247 42065 29169 1,8 1,4
Bollnäs Mohed 23447 14033 509 0,01 26592 33879 26519 1,4 1,3
Bollnäs Kilafors 15939 14033 1168 0,06 17199 24661 17402 1,5 1,4
Bollnäs Arbrå 13777 14033 2108 0,16 15288 42806 42806 15347 3,1 2,8
Bollnäs Alfta 17573 14033 2465 0,11 19442 27002 20024 1,5 1,4



The technical process
Finding the way and computing the distances



Pathfinding
Geodata consists of a graph of nodes and 
edges, where each edge represents a 
section of road and each node an 
intersection. 

A pathfinding algorithm identifies a path 
between two points in the graph that 
minimizes the sum of edge weights. The 
resulting path is a set of edges. 

The weight of an edge is variable, which 
allows us to influence the type of routes 
that are found.



Edge Weights
While length is the usual edge weight, we 
use different weights to suit various needs. 
Non-bike paths get infinite weight to keep 
routes on bike paths, and a small penalty 
based on road quality helps distinguish 
similar-length roads. We created multiple 
weight sets allowing different levels of low 
road quality.



Edges to variables
Different aggregations over edge sets are 
used to compute the final variables.

Conditional sums based on edge labels help 
calculate ownership shares and the 
distribution of various road types. 

More complex queries can also be applied, 
such as determining state ownership of low-
quality sections of a bike route when the car 
route is significantly shorter.



Process for every origin-
destination pair
• Find the nodes closest to the center of 

both urban areas.

• Run the pathfinding algorithm with the 
different edge weights.

• From the sets of edges compute the 
variables.

• Concatenate to a single row.



Gravity
To estimate the expected bike traffic for a 
given route, a physics-inspired heuristic was 
used, substituting mass with population and 
taking the square root:

𝑃𝑃𝑃𝑃𝑝𝑝𝑠𝑠𝑠𝑠𝑠𝑠 ∗ 𝑃𝑃𝑃𝑃𝑝𝑝𝑑𝑑𝑑𝑑𝑑𝑑
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑒𝑒2

This formula assumes that the likelihood of 
cycling decreases with distance and that 
commuting activity is generally higher 
between larger urban areas.



An app to communicate
There is a lot of assumptions and 
parameters to try out and test.

An effective tool for Tida to communicate 
with the project group was through a simple 
app (Cykelstudie · Streamlit)

https://cykelrutter.streamlit.app/
https://cykelrutter.streamlit.app/
https://cykelrutter.streamlit.app/


Toolbox
QGIS

Python (main libraries used)

• Geopandas

• OSMnx

• Shapely

• Contextily

Excel

Stata



Some results
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Has been removed in order to disseminate the rest of the presentation



Accessibility on traffic-safe cycling routes, distributed in 
different areas based on population and within commutable 
distance (shorter than 12.5 km)
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Cities Major cities Smaller cities Countryside

Lack of a safe cycling route More than 20% longer than the road

5-20% longer than the road As a car road (+/- 5%)

More than 5% shorter than the road

Note: with and without weighting based on the estimated cycling potential

The good

– Best results in the 3 big cities

– Improved result when we account for 
distance and population, implying that 
many of the best routes are already built

The bad

– The other city categories (population 
between 200 000 and ~13 000) are much 
worse off

– Basic connectivity is missing in 30-50% of 
the cases

Mixed results

Presentatörsanteckningar
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Bicycle paths in cities have similar distances as car paths in 86% (79% unweighted).
In sharp relief to Smaller cities where 39% (28% unweighted) have similar distance 
38% (49% unweighted) of the origin-destination pairs within Smaller cities lack a safe cycling route.




The proportion of state, municipal and private road on 
the routes where there is no traffic-safe cycle path for 
commutable distances (within 12.5 km)

Note: weighting based on the estimated cycling potential

• It is usually in the state infrastructure 
where the limiting shortcomings are found. 

• The state is responsible for 51 percent 
of the deficient sections that mean 
that traffic-safe cycling routes are 
lacking on the shortest routes 
between urban areas. Significantly 
more than the share of the total 
distance that the state is responsible 
for (30 percent) 
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The relationship between the proportion of state road maintenance 
responsibility (on the shortest cycle route) and the detour on the safe 
cycle route compared to the shortest cycle route between urban pairs 
within 25 km, weighted by cycling potential

Larger detours correlates positively 
with State road responsibility

Coef = .65**  (.06)
N = 1063

1

1.2

1.4

1.6

0 .2 .4 .6 .8
State share of roads

Detour on a safe cycle route

under 25 km
under 25 km 
(unweighted) under 12.5 km

under 12.5 km 
(unweighted)

Share of State road 0,652** 0,733** 0,525** 0,568**

(0,062) (0,070) (0,097) (0,114)

Intercept 1,066** 1,122** 1,060** 1,121**

(0,017) (0,025) (0,024) (0,036)

Number of 
observations 1063 1063 462 462



Headaches
Weighting routes (commuting potential)

• No weights: All roads deemed equally important – aggregated result would be 
dominated by countryside circumstances

• Weight by gravity: Large urban areas completely dominates result

• Sqrt(gravity): Dampens the dominance of urban areas

• No weights but grouping on population

Fair start and endpoint

Should routes go to city centre or to the border? What choice will influence bias?
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