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Abstract. Cycling practice has been constantly increas-
ing for several years and the COVID crisis has just accel-
erated the process. Indeed, more and more municipalities
have developed new cycle paths to facilitate cycling. Con-
sidering this increasing interest for cycling, it makes sense
to study how this recent evolution is reflected in the un-
derlying representation of the cycling network in the ge-
ographic databases. Main studies analysing the evolution
of the road network focus on the motor vehicle network in
the major cities of the world. These studies do not seem
applicable to cycling network specially to some low pop-
ulation density areas or even to smaller cities. This paper
analyses the changes in the cycling network through OSM
data from a data freshness perspective. These changes can
be either updates from changes in the real-world network
or upgrades to the network. To these end, we propose a
method using a Monte Carlo simulation (MCS) to analyse
the frequency of changes in cycling routes in several ar-
eas with different population density, all in the Loire Val-
ley region in France. We also define the cycling network,
which is a very complex concept and we explain how it is
represented in OSM data and suffers from different data
quality issues. Results show that the number of changes
across time are similar in areas having a similar popula-
tion density, while being lower in low population density
areas. These phenomena is higher in the cycling network
compared to other networks.

Keywords. cycling, OpenStreetMap, data quality, mobil-
ity
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1 Introduction

Cycling has gained in popularity these last ten years and
has become a serious alternative to car mobility. In the
context of the energy economy, CO2 emissions reductions
and the high price of gasoline, finding some new ways of
transport becomes vital for a lot of people. In low popula-
tion density areas, electric bikes represent a new asset in
favour of bike mobility. Electric kick scooters also develop
very quickly and they mostly use the cycling network since
both travel at the same speed.

Despite the development of the cycling infrastructures,
they are sub-represented in the main geographic databases
compared to the pedestrian network or the motor vehi-
cles network. For example, the French national mapping
agency produces road data with major completeness lack
for the cycle lanes (only 4 objects present in the Centre
Val-de-Loire region in September of 2022).

To work on the cycling network data changes over time
and on how people approach this network, we focus our
work on the main Volunteered Geographical Information
project: OpenStreetMap (OSM). Even though OSM of-
fers possibilities for studying the cycling network, its data
suffers from several data quality issues such as hetero-
geneous geographic/semantic precision. Despite such is-
sues, with its large and dynamic community of contribu-
tors, OSM has the potential to become an up-to-date geo-
graphic database in terms of the cycling network. There-
fore, the freshness of OSM data can be very interesting for
an evolution analysis.

Issues

According to Peralta (2006), one aspect of data freshness,
called currency or currentness, is how stale is data with re-
spect to the real-world. In order to analyse it, we categorise
OSM changes into two categories: updates and upgrades.
An update consists in adding, deleting or modifying an ob-
ject of the network according to the real-world changes.
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An upgrade consists in adding, deleting, or modifying an
object of the network because there is a data quality prob-
lem. If a real-world change in the cycling network is not re-
flected in the representation of the network within a given
period, a data freshness problem emerges and the required
update of the network becomes an upgrade. Our hypothe-
sis is: if data in an area has some updates but nearly no
upgrades, then its overall quality (including freshness) is
good. .

This thinking leads to the two following questions:"How
does the cycling network evolve over time in OSM?", and
"How informative are the changes on data freshness and
more generally on data quality?"

Therefore, our first idea is to study the network changes
over time and, in particular, to identify changes accord-
ing to the cycling usage of the network. The cycling net-
work, for which this paper proposes a definition, forms a
connected component with large numbers of vertices (e.g.,
crossroads) and edges (e.g., roads, cycle paths). The com-
plete comparison, edge by edge, is difficult and could be
less informative to real-life usage than the comparison be-
tween representative routes linking the same geographical
points, year by year. According to this, we consider the
use of a Monte-Carlo simulation to generate the represen-
tative cycling routes, like the approach done by Schmidl
et al. (2021) to study the Vienna motor vehicle network in
OSM.

Moreover, the dynamics of the changes vary according
to the geographical zones. This could be due to the den-
sities of populations. The higher the population density,
the bigger the network development, and in particular for
OSM data, the greater the possible number of contributors.
Therefore, this paper studies different subareas with vari-
ous population densities using the previous processes. The
changes of the generated routes over the different subareas
are classified according to their impact on the route length
(insignificant, significant and major) and on their nature
(update/upgrade). These two kinds of labels are informa-
tive on the subarea data freshness and thus on data quality.

Contributions

This paper proposes three contributions. The main contri-
bution is a method to extract and compare representative
routes for cycling usage year by year for several subar-
eas. According to the route comparison, we propose, as
the second contribution, to identify changes that are sig-
nificant and major in terms of path length differences and
whether they are updates or upgrades. Both criteria give in-
formation about data freshness in a given area. These con-
tributions are applied to the cycling network which needs
a clear definition and its OSM representation. Both the cy-
cling network definition and representation in OSM com-
pose the third contribution of this paper.

Section 2 introduces the related work on OSM road net-
work data quality assessment. Section 3 defines the cy-
cling network and the issues regarding its representation.
Section 4 presents the method proposed to analyse the cy-
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cling network. Section 5 shows our results and section 6
summarises our findings and proposes some future works.

2 Related work

This section shows the existing works on temporal data
quality in OSM and routing

2.1 Temporal OSM data quality

Many researchers interested in the quality of OSM data
studied the road network and its quality, in part because
the main key corresponding to roads (highway) is the third
most used tag in the project according to OSM taginfo
global page! just behind source and building. A lot of re-
search work exist on this topic.

The main approach used to evaluate the OSM road net-
work data is a comparison between OSM data and some
authoritative data (Girres and Touya, 2010; Zhao et al.,
2015) that are considered as a ground truth. Ferster et al.
(2019) use some open data on smaller area that is really
close to the ground truth but which is complicated to adapt
it to a bigger area because of the time needed to create the
data.

Data is not available for every country in the world so an-
other type of analysis is needed for these areas, relying on
intrinsic characteristics of the OSM data. Arsanjani et al.
(2013) show how data quality for a road network can be
assessed thanks to the contributor’s other contributions.

These articles focus on the most used roads such as motor-
ways or primary roads. The highway objects dedicated to
other means of transport are not analysed in detail.

Some research papers focus on analysing OSM data qual-
ity overtime trough different snapshots, e.g. (Zhao et al.,
2015). Another completely different approach to assess
the evolution of the road network is described in Schmidl
etal. (2021). The main idea is to generate couples with one
starting point and one ending point using a Monte Carlo
approach. A shortest path algorithm is then performed be-
tween each couple in each version of the network (one
per year between 2014 and 2020 in the limit of Geofab-
rik when the experiment was done). These routes are then
analysed across time. The number of distinct routes differ-
ing from their final version has been computed alongside
the percentage of route length increase across time.

The evolution of OSM data regardless of the type of ob-
ject is also an interesting input for our study. Novack et al.
(2022) show that the number of OSM data contributions
is increasing following a linear model in different major
cities in the world.

A study with a route generation was conducted by Bres
et al. (2022) to show some data quality problems by the
generation of one route with six different tools. That ex-

"https://taginfo.openstreetmap.org/keys
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perience showed that both OSM and Google data are not
perfect.

But the one major problem for developing cycling resides
in the routes that are not specific to it.

2.2 Routing

As an exhaustive study of each change on the network is
time consumming and as MCSs generally produce good
trend information, Schmidl Schmidl et al. (2021) use it
to assess the OSM motorway network freshness and evo-
lution. They generate several routes using OSRM from
different OSM snapshot and then compare the obtained
routes (path length) to see the frequency of OSM data up-
dates for road networks. To implement this method on the
cycling network, one can use the OSRM routing engine.
The OSRM engine uses some OSM data (Luxen and Vet-
ter, 2011) and it already has a specific version for cycling
routes. Nevertheless, the OSRM cycling option allows cy-
clists to access ways that are forbidden to them in several
countries such as France. Therefore, the cycling network
definition used by OSRM needs to be adapted.

The computation of the ideal cyclist trajectory is a
multi-criteria optimisation problem. This is discussed in
Sauvanet (2011) and the web application "GéoVélo", used
in our preliminary work, came out thanks to this work.
GéoVélo is a routing engine used by some important
French cities like Lyon or Tours to present the cycle-
ways and generate a route based on some criteria. It uses
OSM data and proposes different routes based on differ-
ent criteria like safety or distance. Several platforms, such
as GeoVelo, propose tools to compute cyclist trajectories
based on OSM and complementary data. It could be inter-
esting to use them for the trajectory generation according
to the fact that adding safe infrastructure in the trajectory
computation, even if longer, is an important aspect of the
cycling network evolution. However, those platforms do
not open their codes and they generally exploit data not
coming from OSM. Therefore, their use is not adapted to
study the OSM cycling network evolution.

For our approach reproducibility and robustness, we will
use the OSRM tool with the cyclist option and adapt it
to our cycling network definition that is introduced in the
next section.

3 Cycling network construction

This section defines the cycling network and describes dif-
ferent data quality problems encountered in OSM cycling
network.

3.1 Definition

In the literature, the cycling network is defined as the set
of roads which have some cycling infrastructures (Vy-
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bornova, 2021). This definition was given in an article
whose study area was the city of Copenhagen, Denmark.
This city is known as one of the most "bikeable" city in the
world but it would be impractical to adapt this definition
everywhere. Based on this definition, it would be nearly
impossible to find an route between two given points, be-
cause, very few routes have specific cycling infrastructures
such as cycling lanes. Indeed, typical cyclists’ daily routes
include many roads without cycling infrastructure since
the everyday cyclists often look for short, quick and flat
routes. A more complete definition of the cycling network
should not be limited to cycling infrastructures but include
every road where a cyclist is allowed to go, even without
a dedicated place for a cyclist. The definition given here
is close to the one used by the website wandrer.earth? but
this website proposes only an OSM representation of the
cycling network.

There are two main types of cycling infrastructures,
namely cycle paths and cycle lanes. The cycle paths are
safe infrastructures, physically separated from roads. They
are frequently used by occasional cyclists, especially when
they have children with them. The cycle lanes are specific
lanes on the motor vehicles network, dedicated to cycling.
In an urban area, this is a common infrastructure to segre-
gate bikes and some slow motor vehicles, such as scooters.
Another quickly developing infrastructure is a motor vehi-
cle road where only one way is available for cars but both
ways for cyclists.

Let be N the set of all cycling infrastructures, Nop
the set of all cycle paths, N the set of all cycle
lanes, Ncrws the set of all cycle two-ways street, N'p
the pedestrian network, A3, the motor vehicles network,
Nurw the motorway network and Ny the set of high-
speed ways. We define the cycling network (the set of all
roads allowed to cyclists), N, as the union between Nj¢
(defined in Equation 1), N'p, and Ny; where Ny and
Nuw are withdrawn. Equation 2 gives the formal defini-
tion of M.

Nic =NepUNerL UNerws (D

As cyclists can take pedestrian ways if they walk alongside
their bikes, M¢ also includes sidewalks, even though they
are not suited for this use. The steps are also included into
the analysis but with a decreased speed since it is compli-
cated to use steps with a bike. These are generally avoided
by cyclists because walking alongside their bike is a major
loss of time but it is sometimes inevitable.

Ne =Nie UNp UNu\(Nuw UNgw)) 2

With this larger notion of a cycling network in mind, the
next subsection describes how the cycling network is rep-
resented in OSM.
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Cycling network Formalisation Composition
cycle paths Nep highway = cycleway
cycle lanes Netr highway! = cycleway + cycleway = lane
cycle two ways streets Norws oneway = yes + oneway : bicycle = no
cycling infrastructures Nic Nep UNer UNcerws
pedestrian network Np highwayl N footway,living_street, pedestrian, path,track, steps
motor vehicles network Num highwayNOTIN cycleway, footway,living_street, pedestrian, path,track, steps
motorways Nuw highwayl Nmotorway, motorway_link
high-speed ways Nuw highwayl Ntrunk,trunk_link

Table 1. Table of correspondences between cycling network and OSM tags

3.2 OSM representation and data quality

The rapid evolution of cycling infrastructures and the open
model of OSM result in some heterogeneity in the repre-
sentation of cycling infrastructure.

The cycle paths network (N¢p) is represented in OSM
by the tag highway = cycleway and, if a road is close
from the path, the latter should be segregated by a large
space or an elevation to be called a cycle path. Accord-
ing to the world page of OSM taginfo, there are more than
1.5 million cycleways in the world. In some isolated ar-
eas, data are missing but this is not a problem specific
to the road network or cycle paths in general. OSM tag-
info also presents a plot with the number of objects tagged
with highway = cycleway overtime. The website page’
shows a first increase at the beginning of the project that
flattens a little between 2015 and 2019 but the COVID cri-
sis really made a huge jump in the number of cycleways.
Only on N¢p, there are some data completeness problems
with for example the key sur face that tells us if a road is
paved, made of cobbles or sand, there only are 57% of
completeness for one of the most important attributes de-
scribing a cycling infrastructure.The completeness is even
lower for the keys oneway (21%) and width (7%). A
major problem comes when some cycle paths are repre-
sented on a way belonging to the AVsy. Nowadays, the
good practice is to create another way for the cycle path
but this rule is not always respected. The pedestrian side-
walks also have this problem. N, is not separated from
the road, and information about them has to be added to
the highway feature, that is generally made for motor vehi-
cles. The main tag to find a cycle lane is cycleway = lane
but the key can also contain information about the position
of the lane. That information is conveyed by the key being
cycleway : both, cycleway : le ft or cycleway : right, in-
dicating on which side of the road the cycle lane is. There
are more than 700 000 ways tagged with cycleway = lane
or a declination of it. This number seems low compared to
the development of this kind of infrastructure in a lot of
cities.

Nerws has two possible representations in OSM. The
first one is to use the tag oneway : bicycle = no and the

*https://wandrer.earth
3https://taginfo.openstreetmap.org/tags/highway=cycleway#
chronology
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second one is to use the tag cycleway = opposite. Each
time, the tag oneway = yes is needed to indicate that cars
can go in only one direction. None of these two has been
chosen as the standard rule yet. There are 1 820 ways
tagged with the first representation and approximately
70 000 ways tagged with the second proposition includ-
ing the more precise tags evoked when defining the cycle
lanes.

Every component of Ao with the OSM tags composition
are listed in Table 1.

With the cycling network presented, we describe the data
quality problems we expect to find in the data. Firstly, the
cycling network undergoes rapid evolution but draws less
interest to the OSM community than the general road net-
work, which can lead to lack of completeness, and a lack
of geometric or semantic accuracy. This last aspect can be
a false value on a tag for the semantic accuracy or a road
not well represented or connected to the network for the
geometric and topologic accuracy.

The notion of data freshness (Peralta, 2006) is also impor-
tant; the COVID crisis has lead to the creation of a lot of
new infrastructures, some of them being temporary.

4 Method and experiments

This section presents the method used for the experiments,
the different parameters defined for the experiments and
the area of study. The data and software accessibility are
exposed too.

4.1 Method and experiments

Our method customs Schmidl et al. (2021) to study the
OSM cycling network and compute new statistics for sev-
eral areas of interest (Aols). Figure 1 presents the entire
pipeline of the proposed method for only one area of inter-
est. That pipeline can be done in parallel for multiple areas
of interest.

The first step consists in downloading an OSM data snap-
shot per period of interest from Geofabrik’s internal down-
load server. We consider n periods of interest. Each snap-
shot contains every elements showed in Table 1.

40f9


https://wandrer.earth
https://taginfo.openstreetmap.org/tags/highway=cycleway#chronology
https://taginfo.openstreetmap.org/tags/highway=cycleway#chronology

A Starting point ) Ending point

Génération de m

. K 1
Donnee OSM - 'P\ﬁ 1 7 paires de points...
R . AFns
»@3’-'-’ c.-zty,zp- i : \ A PlS
T sl Ja
| AR P @Pp
7 : ‘ﬁ‘“ pour chaque
- e :\\ zone d’intérét ®pr, A Py
Un jeu de données par an A
Génération @SR
d’itinéraires entre ,
les points -
Rl“fl R1n+1 Rmn
- Rinn+1
. ) RZH
Quand un itinéraire de 'année n D:tectlon dfs . .&A
et de I'année n+1 sont différents: ¢ aTgemen s€ Ronyiq
L L analyse
mise & jour ou mise A niveau? Année n Annde n+l

Figure 1. Pipeline of the proposed method for one area of interest

To be able to use OSRM with our definition of N,
we adapt the profile bike.lua by adding the trunk and
trunk_link to the list of forbidden values for the highway
key.

According to this modification, and considering a snap-
shot in entry, OSRM is now in capacity to match point to
the cyclist network and to generate cyclist routes in this
snapshot.

In these snapshots, we will study k& Aols.

Then, the route generation step can begin. For each Aol,
we compare m X n different routes, m is the number of
the generated routes for a snapshot in an Aol. In (Schmidl
et al., 2021), the starting and ending point coordinates
were chosen thanks to a uniform law and their matching to
the network may differ according to the snapshot. In this
study, the area was a big city (Vienna) with a high density
of roads. Thus the distances of the generated points to the
network are not very useful. As we want to study different-
density population areas, the distance between points, the
distance between generated points to the network, and the
unicity of the network matching points must be consid-
ered.

For that, we consider first the generation of m pair of
points according to the following process. Firstly, the start-
ing (X;5) and ending (X,.), ¢ € [1,m] points are randomly
generated with a uniform law in the Aol and matched
to the closest point on N¢. A point is kept only if it
is matched at the same place in N¢ for every year (is-
TheSame). The distance dist P Nc between each point to
the network AN should be lower than a maximum dis-
tance (distPNcMax). When the routes are computed
for each snapshot, at least one of them should have a
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length dist PP taking a value between dist PP Min and
distPPMax. These parameters are addressed in the next
subsection.

No
! 1
Find starting IF distPNc <=
point distPNcMax
coordinates AND
isTheSame

Find ending
point Matching to

coordinates Ne

near starting
point

Matching to
Nc

No

IF distPNc <=
distPNcMax
AND
isTheSame

IF distPP <=
distPPMin AND
distPP >= distPPMax

l Yes

Generate
routes + data
for GEOJSON

and CSV

Figure 2. Algorithm to create one route

Figure 2 resumes the algorithm to create one route for one
Aol.

This paper focuses on the length since the distance was
computed with OSRM. The percentage of length change
compared to the previous year is the main variable anal-
ysed in Section 5. In fact, we will study different type of
changes: small changes that produce at least a difference
of slc¢% and major changes that produce at least a differ-
ence of mlc% in route length. Then we study the number
of those two kinds of changes for the different Aols.

The next subsection is about some parameters of the route
generation algorithm.
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4.2 Parameters

This subsection presents the different parameters used for
our experiments.

We consider 9 snapshots (n =9). Each one represents a
year from 2014 to 2022 (due to GeoFabrik limits) and is
extracted the 1°¢ of January.

In the area of study, we consider 6 Aols, chosen according
to their population densities (k = 6). The choices of the
Aols are explained in Section 4.3.

In each Aol, to make the MCS representative, 1000 start-
ing and ending points are generated for each OSM snap-
shot (m = 1000).

To achieve a reasonable balance between Aols with a
dense network and areas with a sparser network, distance
to the network is set at 100 meters (dist NcMax = 100m).

The chosen interval [distPPMin,distPPMazx] is
[300m,5000m] accordingly with Litman (2010).

The percentage length difference compared to the last year
is the heart of the analysis.

We set empirically the threshold in distance length differ-
ence for significant changes (sic) as 1%, and the one for
the major changes (mic) 20%. Some other thresholds have
been tested but those values are informative for us. For in-
stance, taking a threshold higher than 1% for significant
changes could not allow identifying the adding of cycle
paths close to the motor vehicle roads.

Our experiments were running on a virtual machine run-
ning on an Intel Core 7 with 32GB of RAM, without any
multi-thread optimisation.

The next subsection explains the chosen area of study and
the different Aols taken for the analysis presented above.

4.3 Area of study

The study area is a part of Loire Valley in the Centre Val-
de-Loire region which is located in the centre of France
(see figure 3). This is an agricultural area with many ru-
ral areas and some medium-sized cities at the France scale
like Tours and Orléans. This is a very touristic area hav-
ing famous Renaissance castles such as Chambord* or
Chenonceau’. Recently, the region developed its cycling
network for tourism mainly based on "The Loire by bike"
© which is a bike route following the Loire river. To rep-
resent every aspect of the region, our 6 Aols are cho-
sen as follows. Two Aols include the most dynamic cities
of the region which are Tours (294 220 inhabitants in
the metropolis) and Orléans (288 229 inhabitants). Then,
two medium-sized cities at the scale of the region are se-
lected with Blois (105 286 inhabitants) and Bourges (102
679 inhabitants). The last two areas are bigger zones with

*https://www.chambord.org/en
Shttps://www.chenonceau.com/en
Shttps://www.loirebybike.co.uk/
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Figure 3. Localisation of the study area

low population densities. They are the agricultural Beauce
plain and the Sologne forest. Beauce has a lot of roads that
often cross between them. On the contrary, Sologne is a
forest area where there are long straight roads without any
crossing for several kilometres and some packed villages.
With its famous castles, Sologne attracts many tourists that
are potential OSM contributors.

4.4 Data and software availability

The experiments done in this paper only required OSM
data that are free under the Open Data Commons Open
Database License (ODbL).

OSM data was downloaded on Geofabrik. OSRM is free
and open source under a 2-Berkeley Software Distribution
License. Python 3.8 was used to generate the routes with
the packages NumPy, CSV, requests and GeoJSON. R was
then used to analyse the data on each route with the pack-
ages dplyr and ggplot2. From this script, both Tables 2 and
3 and Figure 4 were generated. Figure 5,6 and 7 were ob-
tained thanks to QGIS version 3.20.

The results obtained and presented in this paper are re-
producible. The deposit (https://github.com/raphael-bres/
AGILE2023-reproduction) contains all the data, tools, ex-
planations about these experiments, and results.
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Table 2. Percentage of route length change by at least 1%

Population density | Zone name | 2014/2015 | 2015/2016 | 2016/2017 | 2017/2018 | 2018/2019 | 2019/2020 | 2020/2021 | 2021/2022 | Average
High Tours 40.4 27.1 17.7 19.7 20.8 11.0 12.2 15.5 20.55
Orléans 29.1 9.5 322 18.3 34.6 34.0 345 30.5 27.84
Medium Blois 18.2 14.1 5.5 6.1 24.6 10.9 27.2 37.1 17.96
Bourges 21.1 30.8 11.9 9.1 229 11.9 21.0 28.0 19.59
Low Beauce 49 3.7 12.2 6.0 24 1.6 0.8 4.8 4.55
Sologne 49 5.8 22 2.7 4.4 5.9 1.2 1.6 3.59
Table 3. Percentage of route length change by at least 20%
Population density | Zome name | 2014/2015 | 2015/2016 | 2016/2017 | 2017/2018 | 2018/2019 | 2019/2020 | 202072021 20212022 | Average
High Tours 1.6 0.8 0.2 0.6 03 0.0 04 0.1 0.5
Orléans 14 0.3 13 0.4 0.7 0.7 0.3 0.4 0.69
Medium Blois 11 14 0.1 0.0 22 0.7 55 27 171
Bourges 0.5 1.0 0.5 0.6 0.7 0.7 1.0 1.5 0.81
Low Beauce 15 13 53 23 0.5 0.9 0.0 12 1.63
Sologne 1.5 2.9 0.7 0.8 1.1 1.9 0.1 0.6 12

5 Results and discussion

That section is divided into two parts. The first one shows
the evolution of OSM cycling network and the second one
categorises some changes seen in the first part.

5.1 Evolution of OSM cycling network

After applying the method presented in section 4.1, the
first result computed is how much the routes’ lengths have
evolved. To this purpose, a plot of the percentage of routes
that got a 1% or more length change is created. The in-
creases and the decreases are not dissociated. The 1%
change value is used to indicate a significant change to
not capture small changes such as the transformation of a
crossroad into a roundabout or a geometry improvement
of a single lane.

Table 2 shows that the low population density areas have
in general some smaller change rates compared to the four
cities.

Tours has many changes as well as Orléans. Bourges and
Blois have a quantity of changes similar to Tours with an
increase of small changes over the years. In Tours, there
are many changes at the beginning of the study but they are
reduced in the end because the possible changes in the city
centre are limited. The low population density areas have
fewer changes but for Sologne, the hypothesis of the de-
sired length (between 300 to 5000 meters) was not enough
to capture some well suited routes for that analysis. The
same table was computed with a 20% change to only cap-
ture the major changes. The results for this rate are shown
in Table 3.

Table 3 shows that the proportion of routes with changes
by at least 20% is much smaller and that these proportions
are not much different between cities and rural areas. This
may be due to the fact that cities have fewer possibilities
for a major improvement of route lengths, whereas net-
work densification in rural areas can make several routes
much shorter. These changes are not often present so the
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numbers presented here are close to reality, unlike the 1%
change plot where an average and standard deviation anal-
ysis could verify the values with several repetitions of this
experiment.

The dispersion of the percentage of length change was
analysed and is presented with the boxplots in figure 4.

With these boxplots, the dynamics of the changes are very
different for Tours and Orléans. The means are close but
the changes are not done during the same years. The plots
for Blois, Bourges, Beauce and Sologne were omitted be-
cause there were too few changes to produce visually sig-
nificant boxplots. The changes had some small variation
for the medium-sized cities but for the low population den-
sity areas, the mean, the median, the first, and the third
quarters were all equal to zero. This leads to the ques-
tion of whether the parameters chosen were adapted for
every study area. The main area where parameters could
be modified to achieve more significant results is Sologne.
Sologne is composed of packed villages linked with some
straight roads that are often longer than five km. It is pos-
sible that allowing longer routes would have given better
results for this area. The distance to the network is also
a question here because the road network is not dense at
all, so the distance to the network could have been higher
for this area. Another hint about the problem with Sologne
and the parameters is found in the execution time of the
route generation script. According to our configuration,
the 1000 routes in Sologne were generated in 18 min-
utes and 25 seconds while the five other areas (includ-
ing Beauce, a low population density area) took between
6 and 10 minutes each. The quantitative analysis shows
some differences between the different cities and the low
population density areas. The low population density areas
have a similar evolution which is not what we expected be-
cause there are a lot more tourists (and thus more possible
contributors) visiting Sologne than Beauce. These OSM-
impacting changes can be categorised into two groups with
the changes caused by recent real-world changes and the
data freshness problems. That step is important to assess
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Figure 4. Boxplots of the percentage of route length change per year for Tours and Orléans

the overall data quality of an area. The next subsection of-
fers a classification by hand of some changes.

5.2 Evolution of network typology

This subsection focuses on Blois Aol. The main idea is to
present some data quality problems and see how they can
be solved.

In this analysis, we consider that if a real-world change has
been reflected in the OSM data in less than 3 years, it is an
update, else it is an upgrade. The three-year period must
allow normally the OSM community to reflect real-world
changes. If it lasts more than 3 years, we consider that it
reveals a quality issue.

The first quality problem we identified is about a road that
is forbidden to cyclists. We could not find the exact date
when the road has become forbidden but it was certainly
before 2010. Many routes could potentially use this road,
because Blois is divided in two parts by the Loire river and
there are only three bridges to cross it. One of these bridges
only allows cyclists and pedestrians from both sides with-
out any segregation. In our experience, 47 routes in 2020
use this road. In 2021, this road has been upgraded as for-
bidden to cyclists, and for every route that used the road
in 2020, the percentage of length difference was analysed.
This percentage is at least 1% for 37 routes among 47 but
only 12 routes are longer in 2021 than in 2020. Figure
5 shows in blue, one of the 12 routes use the forbidden
road section in 2020. The green route is the one for 2021
avoiding the forbidden route section. The 2021 route was
not perfect yet and suffers from the absence of one cy-
cle lane. This problem required at least an upgrade of the
network because the last roadworks on that road were fin-
ished in 2018. As, since the end of January 2021, a cycle
path fully recovers the street, which is still not reflected in
OSM, there is a clear need of a network update.

Another problem on the same route is found near the end-
ing point. The problem is a way not well connected to
other ways in the OSM network, which leads to a detour.
The problem is shown in figure 6. The change that should
be done here is a topological upgrade on the network.
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Figure 5. Example of a route using a forbidden road in 2020

O End
— 2020

2021

Quai Henri Chavigny

Figure 6. Example of a network connectivity problem

There is one more data quality problem illustrated in fig-
ure 7 with the geometric accuracy. The 2014 route (black)
that has a straight line whereas the other routes have some
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curves. This is a geometric precision problem with the
2014 route that did not represent reality. The road has been
upgraded between the 2014 and the 2015 snapshot. At the
beginning of the route, the 2022 route (brown) is the only
one that can use the new cycle path parallel to the main
road of the area. The update of the network has been done
here even before the opening of the cycle path.

\

- 2014 &
2019 - -
— 2020 & .

2021 &
— 2022 %

Figure 7. Example of a route using a road that has a modified
geometry over time

Thanks to this analysis, there are many data quality prob-
lems in the data, and OSM data is not completely suit-
able for bike routing yet. These problems can be corrected
through upgrades of the data. But since the real-world cy-
cling network is always evolving, OSM cycling network
requires some updates to consider the latest changes. A re-
quired update in the network becomes an upgrade if the
real-world change was done at least three years ago.

6 Conclusion

This paper proposed a definition of the cycling network as
the set of all roads allowed to cyclists. We then studied the
evolution of this network in six areas in the Loire Valley
with the adaptation of an existing method. The work we
have done gives a method to analyse cycling data and a
state of the network in our study area. The study is also
original with an analysis of a new network in multiple
population-density areas. In fact, most of the related work
in OSM data quality shows major cities but we also inves-
tigated a few rural areas in the Loire valley.

This study shows that the low population density areas and
the cities have a different evolution for the representation
of their cycling network in OSM. The cities with the same
population density show some differences at the moment
when they got their route changes but they have a similar
average over time. The main example is shown between
Tours and Orléans where Tours got the most changes in
the first years of the study but Orléans’ network was more
changed in the last years of the study. The typology brings
two main types of changes, update and upgrade. It is now
impossible to automatically differentiate an update and an
upgrade but this question is important to know the quality
of the data. It is thus an important research field to open.
The study is applicable in every region of the world and
some tests in other regions could bring some new vari-
ables. Our study areas are mainly flat, but everyday cy-
clists often choose a route with the least amount of climb-
ing. Reproducing this study in a mountainous area could
add the slope variable where a route with a gentle slope
will be used instead of a direct route with a difficult hill.
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A major future work in this field concerns bikeability,
studied for instance in (Kellstedt et al., 2021). We will
work on comparing generated routes according to their
changes through the measures of their bike friendliness in
place of the distance used in this paper.
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