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Comparison of urban fragmentation in European cities — Spatial
analysis based on Open Geodata

ULricH ScHumAcHER and CLEMENS DEILMANN

Abstract

Traffic routes serve to interconnect different locations. At the
same time they bisect a spatial area into two “sides” of the route.
The paper orientates on the fragmentation effect: Inside urban
areas, main traffic routes can segment urban space, whereby
physical barriers arise depending on their type (road or rail
traffic), width and height (elevated, surface or underground)
as well as traffic volume. Functioning as barriers, main traffic
routes impair the quality of life in adjacent areas. The focus
of this study is not on emissions and pollution but on barrier
effects leading to “community severance”. Methodological the
principal transferability of the structural analysis of landscape
fragmentation to urban space will be shown.

The European Urban Atlas of the Copernicus Land Monitor-
ing Service provides a starting point by providing geodata on
land use for almost 700 city-regions (2012). For the purpose of
spatial analysis, a polygon geometry of “urban area” is defined
and constructed using Urban Atlas data. Classified roads and
railway lines are selected from the Open Street Map. Twelve
cities with contrasting structures from different countries were
selected as case studies. The study proves that the fragmenta-
tion of the urban area by main traffic routes can be analysed and
measured at a city-wide scale using the indicator effective mesh
size. The results provide indication of the spatial cohesion of the
urban settlement area, in particular for comparison between
cities. For visualization and to better compare cities, the results
can be illustrated by calculating a regular grid or network for
an average size of unfragmented areas. The effective mesh size
describes the degree of fragmentation of urban area and can be
regarded as a metric largely independently of city size and den-
sity. Such a metric on a city-wide scale can be a supplementary
information in the European Union’s Urban Audit.

Urban fragmentation, community severance, spatial analysis,

urban metric, effective mesh size, city comparison, Urban Atlas,
Open Street Map
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Zusammenfassung
Vergleich der urbanen Zerschneidung in europaischen Stad-
ten - Raumliche Analyse basierend auf offenen Geodaten
Verkehrswege dienen zur Verbindung verschiedener Standorte.
Gleichzeitig teilen sie einen Raum in zwei ,Seiten” der Trasse.
Der Artikel konzentriert sich auf den Zerschneidungseffekt:
Innerhalb urbaner Gebiete konnen Hauptverkehrstrassen den
stadtischen Raum segmentieren, wobei sie als physische Barrie-
ren auftreten - abhangig von ihrer Art (Strafden- oder Schienen-
verkehr), ihrer Breite und Hohe (erhoht, am Boden oder unter-
irdisch) sowie ihres Verkehrsaufkommens. Hauptverkehrswege
konnen je nach ihrer Barrierewirkung die Lebensqualitét in an-
grenzenden Gebieten beeintrachtigen. Der Schwerpunkt dieser
Studie liegt nicht auf Emissionen und Schadstoffbelastung, son-
dern auf Barriereeffekten im Sinne der ,community severan-
ce“ Die prinzipielle Ubertragbarkeit von Strukturanalysen zur
Landschaftszerschneidung auf den urbanen Raum wird gezeigt.
Hier bietet der europdische ,Urban Atlas“ des ,Copernicus
Land Monitoring Service“ einen Ausgangspunkt mit seinen
Geodaten zur Landnutzung fiir fast 700 Stadtregionen (2012).
Fiir die rdumliche Analyse wird ein planarer Siedlungskoérper
definiert und als Polygongeometrie konstruiert - basierend auf
Daten des ,Urban Atlas”. Klassifizierte Strafden und Eisenbahn-
strecken werden aus ,,Open Street Map“ selektiert. Zwolf Stadte
mit unterschiedlichen Strukturen aus verschiedenen Landern
wurden als Fallstudien ausgewahlt. Die Studie belegt, dass die
Zerschneidung des Siedlungskorpers durch Hauptverkehrswe-
ge anhand des Indikators effektive Maschenweite im gesamt-
stadtischen Maf3stab analysiert und gemessen werden kann. Die
Ergebnisse liefern Einblicke in den raumlichen Zusammenbhalt
des Siedlungsraumes - insbesondere im Stiadtevergleich. Zur
Visualisierung und zum besseren Vergleich von Stadten kon-
nen die Ergebnisse durch Erzeugung eines regelmafdigen Gitter-
netzes flir eine durchschnittliche Grof3e von unzerschnittenen
Raumen veranschaulicht werden. Die effektive Maschenweite
beschreibt den Zerschneidungsgrad des Siedlungskérpers und
wird als eine von Stadtgrofie und -dichte weitgehend unabhan-
gige Messgrofie vorgestellt. Eine solche Metrik auf gesamtstad-
tischer Ebene wire eine erganzende Information fiir das ,Urban
Audit” der Europdischen Union.

Urbane Zerschneidung; community severance; Raumanalyse;
urbane Metrik; effektive Maschenweite; Stddtevergleich; Urban
Atlas; Open Street Map
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Introduction

The starting point of fragmentation analy-
sis of urban space is the interrelation be-
tween the density of main traffic routes in
an urban area and possible impairment of
residents’ quality of life due to fragmenta-
tion (DEILMANN et al. 2017, p. 121). Roads
and railways serving to interconnect dif-
ferent locations are essential elements in
the structural and spatial design of cities.
At the same time, however, selected main
traffic routes separate or fragment urban
structures and can function as barriers. In
this way the quality of life can be reduced
through the disintegration of urban space.
The effects of physical and psychological
barriers on the local community are of par-
ticular importance (D1 GiuLIo et al. 2008, p.
52). For example, busy roads can fragment
local districts and impact social activities
between communities on opposing sides
of the road. Figure 1 provides a vivid il-
lustration of inner-city fragmentation by a

main traffic axis. People tend to maintain
contacts and residential services within an
area often circumscribed by physical bar-
riers, but contacts cross barriers are dif-
ficult and often it is not easy to skip over
the barrier.

Kevin LyNCH was one of the first to study
the urban design and its structure in the
image of its inhabitants (LyNcH 1960). He
differentiated the boundary lines that de-
fine an area into natural (e. g. water front
or edge of terrain) and anthropogenic ones
such as railway lines, elevated roads or
through roads. He also saw a problem in
the isolating effect and said that boundary
lines should ideally be permeable in order
not to act as a barrier between areas. In
LYNCH’s work, subjective perception and
orientation in the city are the most im-
portant aspects. The presented article is
primarily concerned with the fragmenting
and isolating effect of the anthropogenic
boundary lines. Main roads and railway

lines are understood as representative ele-
ments for barriers from the perspective of
humans as pedestrians at city scale - with-
out deepening the perception of boundary
lines from the perspective of the inhabit-
ants in the sense of LYNCH.

The term “community severance” has
been coined to describe this barrier effect.
Here we can point to a survey by ANcI-
AES of over 70 international publications
(academic studies, reports and official doc-
uments) published over the past 50 years
(ANCIAES 2015). There has been broad
discussion of core terms such as “social
barrier”, “separation” as well as “traffic and
people”. The following general definition is
derived from this survey of relevant pub-
lications: “Transport-related community
severance is the variable and cumulative
negative impact of the presence of trans-
port infrastructure or motorised traffic on
the perceptions, behaviour, and wellbeing
of people who use the surrounding areas

Fig. 1: Urban fragmentation by a major traffic axis (Schumacher 2015, with friendly permission of the Cath. Parish of St. Mauritius and
St. Elisabeth, Halle (Saale))
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or need to make trips along or across that
infrastructure or traffic” (ANCIAES 2015,
p- 4). Following this definition, the cur-
rent study presents an analytical geodata
based tool to examine urban fragmentation
by main traffic routes on a city wide scale.
In particular by drawing comparisons be-
tween cities the objective is to raise aware-
ness of this issue - for policy makers - and
to initiate more detailed investigations by
urban planners.

In his planning principles for the sustain-
able design of urban traffic at the end of the
20th century, KNOFLACHER pointed out that
the attractiveness of a city depends on its
pedestrian permeability and the accessibil-
ity of its public spaces (KNOFLACHER 1997).
Yet from the Second World War to recent
years, the automobile has dominated the
thinking of urban and traffic planners. Ac-
cording to KNOFLACHER, this has served to
restrict the living space of city residents
(KNOFLACHER 1995, p. 27). The barrier ef-
fect of traffic routes primarily affects peo-
ple as pedestrians, who are often neglected
in traffic research although they are char-
acterised by high “spatial efficiency” by
their autonomous movement, unlimited
flexibility in the choice of direction, speed
and routes” (MONHEIM 2010, p. 15-16). It
is clear that pedestrian structures in the
city are affected by traffic infrastructure,
with the level of disruption depending on
the density and distribution of routes as
well as the volume of traffic. This applies in
particular to main roads for car traffic, but
also to railway lines within the urban area.
Therefore, the focus of the current study is
on the structural analysis and determina-
tion of the city-specific density of potential
barriers, i.e. higher-level road and railway
axes, which affect the integrity of the social
community in the city as a whole.

Against this background, the spatial
analysis investigates the density and distri-
bution of main traffic routes within urban
areas (SCHUMACHER and LEHMANN 2014).
If the degree of fragmentation is high, it
can be assumed that the quality of life is
impaired for residents of areas affected by
community severance. The present study
adapts and tests the geometric concept
of landscape fragmentation (by assuming
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spatial complementarity to the urban con-
text) and discusses the results.

In contrast to the numerous studies of
landscape fragmentation in open space,
few quantitative spatial analyses have been
conducted on fragmentation in the urban
context. A Spanish study by SAPENA and
Ruiz (2015) provides an overview of vari-
ous metrics for urban fragmentation such
as area and perimeter, shape, aggregation,
diversity and contrast. Based on cadastral
data and land use attributes, the authors
were able to derive various metrics on the
fragmentation of urban districts as ag-
gregated objects, demonstrated using the
example of the city of Valencia. Another
Spanish study by ORTEGA et al. (2015)
presents a map of urban fragmentation for
pedestrians by considering habitat frag-
mentation on a grid basis (in analogy to a
cost function) using the example of a city
district in Madrid. The internationally rec-
ognised City Biodiversity Index (or Singa-
pore Index on Cities’ Biodiversity) provides
a total of 23 indicators, whereby Indicator
No. 2 serves to measure the connectivity
or fragmentation of near-natural areas in
the city (CHAN et al. 2014). Here the focus
is on repercussions for different fauna
species. To calculate this indicator (which
also considers the impact of barriers), a
method is proposed using effective mesh
size according to JAEGER (2000). A further
ecologically motivated study applied the
approach to an investigation of Montreal
and Lisbon (DESLAURIERS et al. 2018). In
another study, natural and anthropogenic
barriers within the urban landscape were
regarded as a network demarcating habit-
able areas (MacDoUGALL 2011). This was
used to derive a taxonomy of first and sec-
ond order urban barriers. Metrics were
determined for the resulting urban spaces,
such as the effective mesh size at the level
of urban districts, also using the example
of Montreal.

The aim of the current study is to under-
take a comparative morphological analysis
of urban fragmentation from the perspec-
tive of humans as pedestrians at city scale.
In order to quantify results, we make use
of effective mesh size (an established
metric in landscape ecology), testing its

informative value in the urban area with
the aid of open geodata at European level.
Such a metric, derived from homogeneous
geodata on a city-wide scale, is suitable
to supplement the urban statistics of the
European Union’s Urban Audit. The main
objective is the comparison of cities to give
orientations on the strength and weak-
nesses of these cities. With some caution
the policy maker could develop guiding
principles for the urban planner. Also the
results might give the urban planner hints
to take a closer view of particularly frag-
mented urban areas and, if necessary, to
link this back to the perception of the citi-
zens.

The authors understand the effective
mesh size as one in a series of indicators
developed under the topic of spatial met-
ric. Spatial metrics are particularly suitable
for quantifying specific physical proper-
ties (MCGARIGAL and MARKS 1995). These
metrics can be traced back mainly to the
concept of quantitative landscape ecol-
ogy (TURNER 1989; UUEMAA et al. 2009).
Spatial metrics on various topics were in-
vestigated and applied in numerous cities
worldwide (urban metric) (THINH et al.
2002; ScHWARZ 2010; LowRy and LOWRY
2014; Reis et al. 2015). The science of
urban forms investigates the city as a hu-
man habitat (MoupoN 1997) and asks how
cities can be compared with one another
(DEILMANN et al. 2017).

Base data
For a structural analysis of cities at the
European or global level, it is necessary to
use standard geodata for all analysed cities
in order to be able to process and evalu-
ate these using a standardised GIS meth-
odology. For this reason, the present study
concentrates from the outset on the appli-
cation of standardised European geodata.
The best-known comprehensive data
source for land cover and land use in the
European Union is the CLC project “Coordi-
nation of Information on the Environment
(CORINE) Land Cover”. Here satellite im-
ages are evaluated in order to derive vector
data which could be uniformly classified
(a total of 44 classes) at scale 1:100 000.
This data is freely provided to all interested
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users by the European Environment Agen-
cy (EEA) for the years 1990, 2000, 2006
and 2012. In the meantime, the CLC data
has been integrated into the Copernicus
Land Monitoring Service as pan-European
geodata. FERANEC et al. (2016) give a de-
tailed description of CORINE Land Cover
with regard to spatial observation.

The Copernicus Land Monitoring Ser-
vice offers various global, pan-European
and local geodata. This includes the Urban
Atlas, which provides detailed vector data
on land cover and land use for numer-
ous city-regions in Europe. Such data is
available at scale 1:10 000 for 2006 and
2012 with a largely standard nomen-
clature (max. 28 classes). For the latter
reference year, the Urban Atlas has been
available since April 2017 for almost 700
European city-regions (“Functional urban
areas” or FUA) as Open Geodata (COPER-
NICUS LAND MONITORING SERVICE 2017).

These include all EU cities of more than
100,000 inhabitants as well as their com-
muting zones; in most cases these are ad-
ministrative city-regions. The definition of
such an FUA can be found in an EU manual
(EurosTAT 2017, p. 13). As detailed geo-
information, this data is used for spatial
analysis within the framework of the Eu-
ropean Union’s Urban Audit (MONTERO et
al. 2014). The Urban Atlas only contains
overlap-free geo-objects (polygons) suita-
ble for GIS processing. The data is derived
from remote sensing (e. g. SPOT satellite
images) and compared with topographi-
cal maps. As expected, the focus of land
use classification is on urban areas, with
no fewer than five density classes defined
for the built environment (EU 2016, p.
12ff.). With the help of the Urban Atlas
data, generalized patterns of urbaniza-
tion can be identified by deriving various
metrics on settlement structure, as shown

in a methodological study that compared
Greek cities (PRASTACOS et al. 2017).

For the analysis of urban fragmentation,
data on the main transport network (clas-
sified road and rail networks) is required.
For a standardised selection of fragmenta-
tion-relevant road sections, a Europe-wide
comparable category is required, which
represents the characteristics of the “Com-
munity severance” (such as road width or
traffic intensity). Since the segmentation
methods from remote sensing concentrate
on areal objects such as building blocks
(see BLASCHKE 2010 for an overview), ad-
ditional vector data with traffic classifica-
tion are to be used here. For this purpose,
linear-shaped geodata from the global pro-
ject Open Street Map (OSM) is available,
which the Geofabrik Karlsruhe offers along
with a standard set of attributes. The OSM
layer of the road and service road network
contains 26 categories according to their

—

Reference cities for spatial analysis of urban fragmentation

Data source: See map. Data processing and cartography: U. Schumacher, IOER 2018

Fig. 2: Reference cities for spatial analysis of urban fragmentation in Europe
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significance for traffic, but no road width
information, or traffic volumes (RamMm
2017). Countless users are constantly re-
cording new data and correcting old data
for the OSM project, so that the dataset
is updated almost daily. This fact must be
taken into account when processing OSM
data together with geodata captured dur-
ing a different timeframe. Visual tests for
the current example cities assessed the
locational fit of OSM data with the Urban
Atlas as good. This also seems logical if we
remember that OSM data is used to help
produce the Urban Atlas (EU 2016, p. 4ff.).
Compared to other global data on roads,
Open Street Map provides solid base data
due to the lengthy period of data collec-
tion in most countries (IBISCH et al. 2016).
In general, we can say that OSM data is
suitable as an additional source of public
geodata for the spatial analysis of urban
fragmentation.

All geodata used for the analysis is in-
tegrated into the uniform geo-reference
system “Lambert Azimuthal Equal Area
coordinate reference system” (ETRS89-
LAEA) as a pan-European standard (IN-
SPIRE 2014).

Reference cities
Twelve cities from different countries were
selected for investigation to ensure the
widest possible geographical distribution
in Europe. Particular emphasis was placed
on contrasting urban structures in the
selection process. The locations of these
reference cities are shown in Figure 2. The
cities must fulfil certain conditions in or-
der to ensure meaningful and comparable
results under spatial analysis. To this end,
the city selection was made according to
the following criteria:

e Large cities of more than 100,000 in-
habitants (sufficiently large backdrop
of urban area),

e Spatial contiguous administrative city
area with no exclaves or islands,

¢ Urban area easily distinguished from
adjacent municipalities.

Of course, a fragmentation analysis can be

applied to many more cities and can still
be meaningful for any city that does not
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meet all criteria. But as there exist highly

diverse natural and anthropogenic formal

structures in Europe, such cases should

be preceded by a critical assessment of

the applicability of structural analysis.
The study area in the individual cit-

ies can be demarcated in various ways.

Here the physiognomy of the urban area

plays an important role, which will be

discussed in more detail in the following

section. From a formal geometrical per-

spective, we note the following feasible

options for demarcation (see Figure 3 for

one example):

e Administrative city area (core city

area),

¢ Administrative city area + buffer zone
A,

e Urban area,

e Urban area + buffer zone B,

¢ Circle around city centre with coverage

of the administrative city area,

Europa Regional 26, 2018 (2019) I 1

e City-region (functional urban area,
FUA).

Based on a previous study using Ger-
man geodata (DEILMANN et al. 2017),
the comparative analysis of European
cities was preceded by an assessment
to determine which study area would
be both feasible and significant. This as-
sessment revealed certain advantages
of the administrative city area, even if
these may not always be optimal with
regards to structural analysis. The tar-
get groups for our city wide analysis are
policy makers and urban planners. They
are responsible for the overall direction
of urban development and give orienta-
tion to those in charge of the concrete
project planning. Their planning sover-
eignty finds in the end expression in the
infrastructures of transport and water/
power supply as well as other structures,

Possible study area

[ Administrative city area

/7. (Administrative city area) + bufier zone A
Il Urban area

NN (Urban area) + buffer zone B

[ Functional urban area (FUA)

Circle around city centre with
coverage of the administrative city area

0 2 4 6 8 10km Data source:

Possible study area for spatial analysis
example of city-region of Coimbra (Portugal)

‘@ Evropean Commission, Copemicus Land Monitoring Services, EEA 2015-2017

=

Fig. 3: Possible study area for spatial analysis — example of city-region of Coimbra
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and thus in the physiognomy of the ur-
ban area. This favours the first option to
choose the administrative city area as an
area of general decision making on the
future urban development.

In addition one could have used the
Urban Atlas data for city-regions (FUA).
Yet such data pertains to the city’s re-
gional boundaries and thus is too widely
demarcated from the perspective of the
interrelationships with the core city. On
the other hand, it is possible that the city
boundary in a specific case simultane-
ously forms the regional boundary. The
administrative area of the core city is
covered by data from the Urban Atlas in
each of the aforementioned options. This
is not always the case for the buffer ap-
proach. Here the study area (buffer zones
A and B or the circle around the city cen-
tre) can extend beyond the administrative
or FUA area, for example if the core city
is located on the regional border and not
directly adjacent to further city-regions.
This aspect of the geodata supports the
argument of restricting the first option. A
generalized map of the areas adjacent to
the core city enables an assessment of the
uniformity of the study area with respect
to its isolated location or urban regional
environment.

Methodological approach

Design of urban area

Before the fragmentation analysis can
proceed, it is necessary to define what we
mean by an “urban area”. For our analy-
sis, the term “urban area” is used in anal-
ogy with the term “Ortslage” from official
German spatial surveys. The following
definition is given in the documentation
of the ATKIS Basic Landscape Model: “An
‘Ortslage’ is a contiguous built-up area. It
encompasses ‘residential areas’, ‘indus-
trial and commercial areas’, ‘mixed-use
areas’ and ‘areas of special functional
character’ as well as areas which have a
close spatial and functional relationship
to these dedicated to transportation, wa-
tercourses, areas occupied by ‘buildings
and other facilities’, for recreation, sport
and leisure, as well as ‘vegetation areas’”
(AdV 2015, p. 215).

However, the geodata of the Urban Atlas
contains no specific layer of “urban area”
which could potentially be used for di-
verse analyses, either within settlements
or in open space. Land uses of built-up
areas and urban green spaces cannot be
merged to an overall urban area, because
roads are not mapped as linear elements
but as an interconnected spatial area, sep-
arating all other land uses block by block.

The first aim, therefore, was to map the
basic physiognomic structures (patterns)
of the respective city along the above defi-
nition in order to reveal the basic polygon
geometry of the urban area. Relevant land
use classes from the nomenclature of the
Urban Atlas (EU 2016) were selected to
construct the urban area, i.e. both built-up
and green urban areas (see also example
in Figure 4). These classes are:

e Continuous and discontinuous urban
fabric (built-up area and associated
land, residential structures predomi-
nant),

¢ Industrial, commercial, public, military
or private units,

e Construction sites and land without
current use,

¢ Green urban areas (public green areas
for predominantly recreational use
such as gardens, zoos, parks, castle
parks and cemeteries),

e Sports and leisure facilities.

Roadways and railway lines have been
omitted from the map even though these
are actually classified as urban land if lo-
cated within the urban area. This is be-
cause the Urban Atlas contains only two
classes of road transport (“Fast transit

(without traffic routes)

Selected classes of land use
from the Urban Atlas 2012
I consinvous wrbsn febric (5.0 = 805
B Ciccont. derze wrban fabeo (5 L0 = 50 S0%)
B Cizcont. mediurn ceneity uroan fabric (5.1 30 SO0
0 Dizzont. lew denzity urban fabeiz (3L 10 300
| nacont ey lerw densiby urnan fabne [t] [ [V T
I (eausman sommencial, Uk, milikary 2 pnvate uhis
Canskuctan sles
I Lo wilhiel curisn, use
S0 LIFRan areas
TS AN lzlsure raciites

D Anrinisbalve cily groy

5L Average dogiee ol soil sceling

Ml sae

Selected classes of land use from the Urban Atlas mapped
for the city area of Bratislava (Slovakia)

+2 Europaan Commizsion, Copernicus La1c Moritoring Sarvices, EEA 20152017

Data source: See map. Data processing and cartography: U. Schumacher, IOER 2018

Fig. 4: Selected classes of land use from the Urban Atlas mapped for the city area of

Bratislava (without traffic routes)
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Generalisation of the urban area by means of double buffering

Source: U. Schumacher, IOER 2018
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Fig. 5: Generalisation of the urban area by means of double buffering

roads and associated land”, “Other roads
and associated land”) and one class of rail-
way transport (“Railways and associated
land”). The polygonal geo-objects of these
transport classes are not distinguished,
whether they are within the settlement or
in open space. Therefore, these transport
areas from the Urban Atlas cannot be used
to complete the urban area, because they
would spread out like a spider’s web into
the administrative area.

For further geodata processing, stand-
ard methods such as polygon aggrega-
tion and buffering were applied and
tested with various parameters. This is
to be understood as a proposal for the
generalization of the urban area - a nec-
essary step to carry out a fragmentation
analysis. The gaps in the settlement area
arising from the non-integrable trans-
port areas were close by a GIS function
to aggregate polygons. Wider gaps could
be closed by increasing the aggregation
distance. It is the authors’ view that a
maximum aggregation distance should
be set at about 100 m. This value cor-
responds to the side length of a separate
square polygon of minimum size (1 ha)
in the urban area (DEILMANN et al. 2017,
p. 49). To close further gaps within the
settlement area, selected classes of more
strongly generalized data from CORINE
Land Cover (including transport) were
used. The integration of parts of both
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databases was limited as far as possible
because of the different scales.

After this processing step, there still
remained relatively many small gaps and
narrow corridors in the urban area, which
could not be closed by further polygon
aggregation (the aggregation algorithm
recognizes such inner edges as external
borders, which must be retained). How-
ever, the contours of the urban area could

be greatly improved by means of double
buffering (first inwards, then with the
same buffer distance outwards), as shown
by the map section in Figure 5.

The proposed GIS work steps to con-
struct the urban area for one city are sum-
marized in Table 1:

Automated geodata processing is gener-
ally to be understood as the first phase
of analysis (steps 1-5), which should

Proposed GIS work steps to construct the urban area

Step no.

Explanation of the GIS work steps

Automation

1

Extract the Urban Atlas data for the administrative city area from the
city-region (FUA) and select ten relevant land use classes (S.L.: Average
degree of soil sealing):

e Continuous urban fabric (S.L.: >80 %)

¢ Discontinuous dense urban fabric (S.L.: >50 - 80 %)

e Discontinuous medium density urban fabric (S.L.: >30-50 %)
¢ Discontinuous low density urban fabric (S.L.: 10-30 %)

e Discontinuous very low density urban fabric (S.L.: <10 %)

e Industrial, commercial, public, military and private units

e Construction sites

e Land without current use

e Green urban areas

e Sports and leisure facilities

Yes

Extract the CORINE Land Cover data for the administrative city area and
select relevant land use classes

Yes

Merge the resulting layers from step 1 and 2

Yes

Aggregate the urban area polygons with an aggregation distance of 100m

Yes

Buffer the aggregated polygons outwards and then inwards, each with
a buffer distance of 25m

Yes

Edit polygons after comparison with orthophotos for various special
cases, e.g. removal of conspicuous elongated structures in open
space (motorway construction sites or artificial water basins) which
obviously do not belong to the urban area

No

Source: U. Schumacher, IOER 2018

Tab. 1: Proposed GIS work steps to construct the urban area
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be supplemented by a final stage of in-
teractive processing by humans. In this
context, a statement from Germany’s
Working Committee of the Surveying
Authorities is of interest as it acknowl-
edges the limitations of automated geo-
data processing while promoting human
interpretation: “.. die Ortslagen-Aus-
dehnungen werden subjektiv bestimmt
und sind weder automationsfreundlich
erstellt noch werden die Ausdehnungen

«

automatisiert detektiert ...“ (“.. the spa-
tial extent of settlements are determined
subjectively in a step that is neither sup-
ported by automated processing nor can
be fully automated...”) (KURSTEDT 2017).
Due to the special human ability to rec-
ognize complex geometric objects and
to distinguish these in a coherent and
generalized way, this capacity and com-
petence is needed to finally circumscribe
areas for investigation. Such work can-
not be simply relegated to an automated
process.

Analysis of urban fragmentation

From the perspective of urban mor-
phology, a coherent settlement area is
segmented by main roads and railway
lines. While these traffic routes serve
to connect different locations, they can
simultaneously act as barriers. Here
we consider those traffic routes in the

settlement area that restrict the mobility
of pedestrians, i.e. contribute to “com-
munity severance”. The strength of this
barrier effect potentially depends on the
type, width and traffic volume of a route
section, which generally determines its
category. The here introduced analysis
which serves as a first rapid assessment,
does not include data on traffic densi-
ties. This would be one of the next steps
to be undertaken by the urban planner.
In the current study also other spatial
impacts for humans are neglected, spe-
cifically noise and pollutants and poten-
tial health hazards.

The concept of fragmentation as ap-
plied to settlements differs both substan-
tively and in scale from the concept of
landscape fragmentation in open space,
where the primary focus is on the suit-
ability of habitats for vertebrates or the
near-natural potential of landscapes for
human recreation (JAEGER 2002; JAEGER
etal. 2005; SCHUMACHER and WALz 2000;
WaLz et al. 2013). Geometrically speak-
ing, the fragmentation of urban space by
traffic routes is spatially complementary
to the fragmentation of open space (Fig-
ure 6). Yet in the case of strong fragmen-
tation, urban space ends up much more
like a “group of islands” than is the case
with open space, which still usually com-
prises large contiguous landscapes. This

should be taken into account when evalu-
ating metrics.

In the context of landscape fragmenta-
tion and the search for suitable forms of
representation, the effective mesh size
m, according to Jaeger has established
itself as the most important measure
of the degree of fragmentation (JAEGER
2000 and 2002; JAEGER et al. 2007; EEA
2011). This measure indicates the mesh
size of a theoretically conceived regu-
lar mesh. There are good arguments in
favour of applying this measure to the
quantification of spatially complementa-
ry geometries in the urban area. The ef-
fective mesh size is an area-proportional
additive indicator that offers several ad-
vantages, namely clarity due to the abso-
lute area size, comparability of different
sized study areas, insensitivity to (sepa-
rate) splinter areas in the study area as
well as a relatively simple calculation.
The formula is:

1 n
mejj’ = A_ Z "47'2
g i=1
A, = total size of study area
A, to A, = size of patches
n = number of patches
Unit: km?  Value range: m ;> 0

Spatial complementarity of the fragmentation by main traffic routes in open space and

in urban area

‘-ﬂ Source: U. Schumacher, IOER 2018

urban area

Fig. 6: Spatial complementarity of the fragmentation by main traffic routes in open space and in urban area
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The larger the effective mesh size, the
lower the level of fragmentation of the
settlement or open space by traffic routes
(lower strength of the barrier effect).
When applying this metric to cities (“ur-
ban metrics”), the total extent of the study
area A, corresponds to the urban area.
One patch A, corresponds to a polygon of
the fragmented urban area. The sum of all
patches gives, maximally, the extent of the
urban area of a city. This sum can also be
smaller if, for example, the surface area
of the fragmentation elements (roads and
railway lines) is subtracted.

Additional variables can be derived
from the effective mesh size such as ef-
fective mesh density or coherence degree
(JAEGER 2000 and 2002). The effective
mesh density corresponds to the recip-
rocal value of the effective mesh size. The
degree of coherence is calculated by di-
viding the effective mesh size by the total
size of study area. It gives information on
the probability that, after fragmentation,
two arbitrarily selected points lie in the
same patch. Since these formally derived
measures have the same information
value as the effective mesh size, here we
focus on this primary measure of frag-
mentation.

Roads and railway lines in the urban
area must now be selected under the
above-mentioned thesis of a strong phys-
ical and psychological fragmentation ef-
fect. The selection of internationally com-
parable road categories that fragment the
city (motorways, 1st and 2nd order roads
or their connections) as well as relevant
railway categories (standard gauge) is
based on the corresponding categories
in Germany. Major tunnels of both modes
of transport are not considered relevant
to the fragmentation process. They are
eliminated from the transport network
because in such cases adjacent areas re-
main connected.

In a modification of the method as de-
scribed in DEILMANN et al. 2017, the frag-
mentation analysis only considers settle-
ment polygons directly connected to a
main traffic route. Isolated island-type
settlement polygons without contact to
main traffic routes and usually located

40

GIS work steps to construct the urban fragmentation geometry

Step no. Explanation of the GIS work steps
1 Preparation of geodata from OpenStreetMap (Ramm 2017): Data extracted from the OSM
road and railway network for the administrative city area
2 Selection of the main road network (motorways, trunks, 18t and 2" order roads or their
connections), except tunnel sections >100m
3 Selection of the railway network (standard gauge only; no narrow gauge railways, no trams,
etc.), except tunnel sections >100m
4 Buffering of the selected transport networks:
* Roads: total standard buffer per carriageway of 10m
¢ Railway lines: total standard buffer per line of 6m
5 Merging the buffered main road and rail network to form a planar main transport network
6 Erasing the planar main transport network from the urban area
7 Spatial joining of the fragmented urban area with the main transport network: Marking of
urban polygons that run tangentially to the main transport network
8 Deletion of urban area polygons not tangential to the main transport network

Source: U. Schumacher, IOER 2018

Tab. 2: GIS work steps to construct the urban fragmentation geometry

peripherally in open space are ignored.
From the point of view of an urban social-
spatial habitat, traffic routes function as
fragmentation elements in those instanc-
es where they form a barrier between
contiguous built-up structures and where
they reduce the quality of life in adjacent
areas. In the formula of the effective mesh
size, only the first-mentioned settlement
polygons (with contact to main traffic
routes) and their respective sub-areas A,
are summed.

Numerous small patches are created in
the fragmentation geometry at motorway
intersections, green strips between sepa-
rate lanes, roundabouts and between the
tracks at railway stations. Dead-end rail-
way tracks also form incisions in the sur-
rounding areas. The effective mesh size
is generally rather insensitive to such
effects due to the algorithms defined by
Jaeger (JAEGER 2002, p. 167 and p. 159).
This was also confirmed by exemplary
tests within the scope of our own inves-
tigations. Therefore, the fragmentation
geometry does not require further modi-
fications.

As already explained, selected geodata
on road and rail traffic from Open Street
Map was used to supplement the Urban
Atlas data in order to construct the urban
fragmentation geometry. This resulted in
the following GIS processing steps each
for a city (Table 2):

This provides an urban fragmentation
geometry of the main road and rail trans-
port network in the urban area of the en-
tire city for analysis and evaluation.

Results - comparative analysis
The main objective is the analysis of ur-
ban fragmentation in a city-wide com-
parison. The maps of reference cities
give a visual overview (Figure 7). The
colour of the polygons in the urban area
indicates whether they are tangential to
the main transport network (light red) or
not (ochre). Water bodies (marine and
inland waters) are shown in generalized
form in blue (from CORINE Land Cover).
Settlement areas located outside the ad-
ministrative city boundary are indicated
in generalized form in gray (from CORINE
Land Cover) to provide some orientation.
It should be noted that basic topographic
data could be added for more details in a
larger scale.

The larger the effective mesh size of
unfragmented settlement areas in a city,
the better the potential quality of life for
citizens in terms of lower community
severance (smaller potential barrier ef-
fect). Larger mesh sizes occur when road
traffic is bundled or is located towards
the edge of the urban area, without any
variation in the total length of the main
road network. On the other hand, a small
effective mesh size means that the urban



Fragmentation of urban area by main traffic routes
in selected European cities
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Fig. 7: Fragmentation of urban area by main traffic routes in selected European cities
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Fig. 7: Fragmentation of urban area by main traffic routes in selected European cities
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traffic routes
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Effective mesh size of fragmented urban area by main
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Source: U. Schumacher, IOER 2018
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Fig. 8: Effective mesh size of fragmented urban area by main traffic routes in selected

European cities

area is heavily fragmented by main traffic
routes, with corresponding physical and
psychological barrier effects. A bar graph
provides a clear overview of these values
for the selected cities (Figure 8).

As explained above, the effective mesh
size according to Jaeger is used to evalu-
ate urban fragmentation. The results
show a disparity in value between the
example cities up to a factor of 3. The
smallest values are indicated for the
cities of Malaga (1.29 km?) and Plzen
(1.32 km?) while the largest effective
mesh sizes are indicated for the cities of
Tallinn (3.92 km?), Salzburg (3.85 km?)
and Edinburgh (3.82 km?). Such differ-
ences in value should stimulate further
investigations to determine which urban
characteristics (topographic, physical
or historic) are responsible. Clearly, fur-
ther research and further indicators are
required to enrich the understanding of
fragmentation. The following discussion
can only deliver some preliminary inter-
pretations and can point to interesting
further questions for research.

Located on the southern coast of Spain,
Malaga has a highly fractured urban area
(due to its dense historical centre and
sprawling suburbs) further fragmented by
main traffic routes. The local topography
(especially the relief in the northeast of the

city area) strongly affects the development
of settlement areas, particularly those lo-
cated in narrow coastal strip beside the
Mediterranean. For this reason, traffic
routes have to be bundled. Numerous road
and railway tunnels cause a certain reduc-
tion of fragmentation in the urban area.
In addition, dense building structures in
Malaga (as in other southern European
cities) play an important role in protect-
ing against summer heat.

The relatively small mesh size calculated
for the urban area of the Czech industrial
town of Plzen can be explained by the
dense and evenly distributed main road
network combined with a comparatively
dense railway network. Here we particu-
larly note the largely well-preserved tra-
ditional urban structures.

The city centre in the Estonian capital of
Tallinn is densely developed, in contrast to
most of the suburbs. There are no physical
barriers to urban expansion in the periph-
ery; only the Baltic Sea and larger lakes
form natural barriers. Tallinn grew into a
large city during the Soviet era when ex-
tensive urban development was pursued
through the construction of large-scale
housing estates and an extensive trans-
port network. Therefore, the meshes of
the main road network are relatively large
throughout the entire urban area.

Salzburg in Austria has a relatively com-
pact urban area, with bundling of the
main road network and large traffic-
calmed zones. The railway network is also
highly concentrated. Some of the railway
lines run parallel to main roads, thereby
reducing the fragmentation effect.

In the Scottish capital Edinburgh, we see
a fairly uniform distribution of the main
transport network. The effective mesh
size is large because of the presence of ex-
tensive and unfragmented parks (includ-
ing golf courses) often spatially linked to
built-up areas. This settlement pattern is
typical of the UK.

The basic indicators are given in Table 3.
The populations of the investigated Euro-
pean cities lie between 143,000 (Coimbra)
and 631,000 (Wroclaw). The administra-
tive areas range from 66 km? (Salzburg) to
461 km? (Toulouse); these two cities also
have the smallest and largest urban areas.
The ratio of the urban area to the city area
in Malaga and Coimbra is just under 22 %,
while in Tallinn it is more than 70 %. The
number of separate polygons of the urban
area (without fragmentation analysis) is
not simply dependent on the size of the
city: Tallinn has only seven polygons each,
while in contrast, Verona has the highest
number of polygons at 222, reflecting the
strong urban sprawl in the Italian province
of Veneto. The mean size of separate poly-
gons of the urban area also differs greatly
between cities, with very small values in
Verona and Coimbra and a clear maximum
in Tallinn. The final indicator, namely set-
tlement density, shows marked differences
between the example cities, ranging from
2,0 inhabitants per km? in Coimbra to 6,6
inhabitants per km? in Malaga.

Bivariate correlation analyses indicate
no or only weak correlations between the
effective mesh size of parts of the urban
area fragmented by main traffic routes and
the other indicators given in Table 3. While
no correlation can be determined to the
size of the city, a weak positive correlation
is found to the ratio of urban area to ad-
ministrative city area and also to the mean
size of polygons of the urban area. Such
correlations are expected because bigger
polygons of the urban area can potentially
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Population and basic shape characteristics of selected European cities

Urban area Settlement
. density
- Admin. .
Population ‘ : Eff. mesh size, | (Number of
: city area Ratio to Mean - AR :
Oy | ffounded) (cqclbyCis) Apsolute aomin. 'Wmberol szoor  dissectedby’ inhabiiants
[km?] [km?]  city area polygons P
19%] polygons Jkm?] routes area)
[km?] [1/km?]
Bratislava | SK 413 367.55 121.89 33.16 56 2.18 2.94 3,388
Coimbra | PT 143 319.44 70.18 21.97 188 0.37 1.95 2,038
Edinburgh | GB 493 263.40 129.86 49.30 65 2.00 3.82 3,796
Leipzig | DE 510 297.98 170.51 57.22 57 2.99 2.02 2,991
Malaga | ES 567 394.34 85.73 21.74 89 0.96 1.29 6,614
Plovdiv | BG 338 101.89 53.05 52.07 37 1.43 2.32 6,371
Plzen | CZ 167 137.68 53.72 39.02 45 1.19 1.32 3,109
Salzburg | AT 149 65.64 39.33 59.92 16 2.46 3.85 3,788
Tallinn | EE 402 156.41 110.50 70.65 7 15.79 3.92 3,638
Toulouse | FR 725 461.21 272.88 59.17 190 1.44 2.94 2,657
Verona | IT 255 198.99 72.74 36.55 222 0.33 2.53 3,506
Wroctaw | PL 631 292.79 159.58 54.50 58 2.75 3.19 3,954

Sources: U. Schumacher, IOER 2018; Population from Eurostat, Urban Audit 2012

Tab. 3: Population and basic shape characteristics of selected European cities

contain larger unfragmented subareas.
Nevertheless, the above values for effective
mesh size point to the relative independ-
ence of this index and recommend it as a
meaningful indicator of urban morphol-
ogy. The authors consider the exemplary
analysis along 12 cities (based on the city
selection criteria described above) as suf-
ficient to recommend the effective mesh
size as an useful informative indicator in
the urban context. Further empirical stud-
ies should be carried out to enhance this
thesis.

To visualize the degree of urban frag-
mentation - in analogy to the landscape
fragmentation of regions (see the example
given in JAEGER et al. 2007, Fig. F10) - the
indicator can be mapped by constructing a
regular grid or network overlaid onto the
urban area of a city. The edge length or cell
size of this network is derived from the
square root of the effective mesh size, cal-
culated for the urban area fragmented by
main traffic routes. This corresponds to a
theoretical concept of urban structures on
a city-wide scale. The denser the network,
the more pronounced the fragmentation of
the urban area. This is particularly clear if
we compare the extreme values of the se-
lected European cities (Figure 9): The city
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of Malaga shows the most intense urban
fragmentation (smallest cell size: 1.14 km)
while the urban area of Tallinn is the least
fragmented (largest cell size: 1.98 km).
The two extreme values also confirm that
the coastal location of cities plays no role
in the degree of urban fragmentation.

Conclusions
The paper demonstrates the applicability
of an approach developed within ecologi-
cal landscape analysis to measure land-
scape fragmentation for analysing the
extent of fragmentation of urban areas by
main transport networks

In geometric analogy to landscape frag-
mentation, the degree of fragmentation of
the urban area by main roads and railway
lines can be quantified by means of the ef-
fective mesh size (according to JAEGER).
The robustness of this index to isolated ur-
ban splinters was confirmed by exemplary
tests. The sensitivity of the index to large
areas requires consistent geodata, espe-
cially concerning the fragmentation geom-
etry. In principle, this study supports the
following thesis: The effective mesh size
can be regarded as an independent and
suitable indicator to assess the extent of
(un)fragmented settlement areas in a city.

[t can be easily visualized by overlaying a
regular network with corresponding cell
size onto the mapped urban area. This is a
useful contribution to the spatial analysis
of community severance. The findings can
stimulate further research to better un-
derstand differences between European
cities. Urban researchers and urban plan-
ners can obtain insights into the strengths
and weaknesses of urban physiognomies
when comparing cities. The results of ur-
ban structural analysis can give overall ori-
entation on the city as a whole and strate-
gic development targets, but no advice for
concrete projects.

A further study result is the proposed
method - using the example of urban frag-
mentation - to create a planar urban area
using open geodata at the European level.
Unfortunately, the Urban Atlas does not
include a layer in the sense of a planar ur-
ban area analogous to the German ATKIS
feature type “Ortslage”. This drawback af-
fects not only the fragmentation analysis
but also potentially other GIS-supported
analyses within settlements as well as in
open space. It would be advantageous to
have a layer “urban area” as part of the
Copernicus Land Monitoring Service as
basis for certain GIS-analysis.



Urban area with equally distributed main traffic routes in the cities of Malaga and Tallinn
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Fig. 9: Urban area with equally distributed main traffic routes in the cities of Malaga and Tallinn

The selection of international categories
of roads and railway lines potentially rel-
evant to urban fragmentation is possible
and consistent according to the Open
Street Map. There is a good geometric
fit between the OSM data and the Urban
Atlas data. A random visual comparison
with aerial photos and other reference
data revealed only a few gaps in the road
network, which could be closed by inter-
active editing. In several cases, discon-
tinued railway lines are still included in
the OSM data. The OSM data supplied by
Geofabrik Karlsruhe is from 2017. Ret-
rospective data on road or rail networks
with a closer temporal fit to the Urban
Atlas 2012 were not available for analy-
sis, because OSM are only provided up to
date. Any resulting inconsistencies must
be taken into account in a detailed inter-
pretation.

Further research is needed to better
demarcate the urban study area in order
to ensure the general applicability of the
presented analysis approach of urban

fragmentation, especially in the case of
agglomerations. In addition, possible re-
lationships between urban fragmentation
on the one hand and relief, climate zones,
natural vegetation as well as country-spe-
cific settlement structures and cultural in-
fluences are further interesting research
questions. Results might lead to a deeper
understanding of fragmentation and
cause-effect relationships. There is little
doubt that sections of subordinated road-
ways can also cause similar barrier effects
to pedestrians as the main traffic routes
considered here. Detailed analyses of the
impact of such roadways are needed. Such
investigations, however, should be carried
out at larger scales for specific districts
and differentiate between various classes
of barriers.
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Pe3rwome

YnbrPux IIyMAXEP 1 KJIEMEHC JIEWIMAHH

CpaBHeHHe PpparMeHTAIMU €BPONECKHX rOpoJgOB —
NPOCTPAaHCTBEHHBbIN aHA/IU3 HA OCHOBE OTKPBITHIX
reogaHHbIX

MapIupyThl ABUXKEHUST UCIOJIb3YIOTCS /sl COeIMHEHUS pas-
HBIX MeCT. B TO ke BpeMsi OHU JieJIAT NPOCTPAHCTBO HA JiBe
«CTOPOHBI» MaplpyTa. JlaHHast CTaTbsl HOCBsALeHa 3TOMY 3¢-
bekTy dparmMeHTaLUU: B TOPOACKUX pallOHAX OCHOBHBIE [10-
pPOTH MOTYT ZeJIUTh IPOCTPAHCTBO HA CETMEHTHI, BBICTYIAs B
KavyecTBe GU3UYECKHUX OApbEPOB B 3aBUCUMOCTH OT UX THIA
(aBTOMOGOUIBHBIN UJIH KEJIE3HOA0POKHBIHN ), LIMPUHBI U BBICO-
Thbl (Ha3€MHBIH, Ha 3eMJIe WJIH 10/, 3eMJIei) U UHTEHCUBHOCTH
JIBH)KeHUs1. [JIaBHbIe TPAHCIIOPTHbIE MAaruCTPav MOTYT 3Ha-
YUTEJbHO yXYALIAaTh KAYeCTBO KU3HU B NIPUJIEraloLiuX paiio-
HaXx B 3aBUCUMOCTH OT CBOET0 pa3rpaHUYMUBAIOIIEro 1eHCTBUSL.
OcHOBHOe BHMMaHUe B JaHHOM HUCC/Ie[J0BAaHUU YJie/sIeTCsl He
BbIOPOCAM M 3arPsI3HEHMUI0, @ GapbepHbIM 3P PeKTaM C TOYKHU
3peHus «paszeseHns cooblecTBa». B HeM MoKa3aHa IPUHIM-
NyaJibHasl IepeHOCHMOCTb CTPYKTYPHOTro aHaau3a ¢parmeH-
TalMM JaHAIAdTa Ha TOPOACKOE TPOCTPAHCTBO.

3pecb eBpomneilickuii «Urban Atlas» ([Fopoackoi atsac)
«Copernicus Land Monitoring Service» (Ciy>k6bl MOHUTOPHH-
ra semeJib KolnepHuKa) jaeT OTIIPAaBHYO TOYKY C [e0JaHHbIMU
J1J151 3eMJIenob30BaHusA AJs nodTu 700 ropofcKyux paiiloHOB
(2012 r.). 11 IpOCTPAHCTBEHHOTO aHA/IM3a ONpeJiessaeTcs
IJIOCKasl CTPYKTYpa paccesieHUs1, KOTopas 3aTeM CTPOUTCS 10
NPUHIMIIAM [TOJIMTOHAJIbHON reOMEeTPHUH Ha OCHOBE JJAHHBIX
u3 «Urban Atlas». KinaccuduypoBaHHbBIE 10POTH U XKEJIE3HO-
JlOpOXKHBIEe IMHUH 6epyTcs u3 «Open Street Map» (OTKpbITOH
KapThl yiul). [l u3ydeHust GbLIM BbIGPAHbI JBEHAIAaTh
rOpoJOB C PA3/IMYHBIMU CTPYKTYpPaMU U U3 PasHBIX CTPaH.
HccnenoBaHre nokasblBaeT, 4TO ¢parMeHTauus Teja IoO-
ceJIeHMs MO0 [VIaBHBbIM TPAHCIOPTHBIM MarucTpaisM MOXeT
OBITh MPOAHAIM3UPOBAHA U U3MepeHa Ha OCHOBE MTOKa3aTeJs
3¢ PeKTUBHOro pa3Mepa A4EHKHU B 06IIErOPOJICKOM MacLITa-
6e. Pe3ysibTaThl JalOT NpeACcTaBIeHUe O IPOCTPAHCTBEHHOM
CBSI3aHHOCTH PallOHOB, 0COGEHHO 10 CPAaBHEHUIO C TOPOJAMHU.
JJ1s1 BU3yasM3aluy U Jiyyllero CpaBHeHHs TOPOZ0OB pe3yJib-
TaThl MOXKHO MPOUJIJIIOCTPUPOBATD, CO3/1aB OOBIYHYIO CETKY
KOOpAMHAT JJ1s1 Hepas/e/leHHbIX IPOCTPAHCTB CpeJiHel Be-
JUYUHBL IPPEeKTUBHBIN pa3Mep CETKU OMUCHIBAET CTENEHb
dparMeHTan UK TeJla OCeJeHNs U IPeJICTaBIeH Kak Mepa, B
3HAYMUTEJbHOH CTeNeHH He3aBUCUMMas OT pa3Mepa ropoja u
IJIOTHOCTH HacesieHUs. Takas MeTpHKa Ha 0GIeropoficKOM
YpOBHe GY/eT JONOJHUTEIbHbIM UCTOYHUKOM HHPOpMaLuu
Juis «Urban Audit» EBponefickoro Cotosa.

Topodckas ppazmenmayusi; pasdesieHue 06wecmeaa; NpocmpaHcm-

8€HHblll aHau3; 2opodckas mempuka; 3pekmusHblil pazmep
cemku; cpasHeHue 2opodos; Urban Atlas; Open Street Map
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Résumé

Comparaison de la fragmentation urbaine dans les
villes européennes: analyse spatiale basée sur des
données géographiques ouvertes

Les voies de circulation servent a relier différents lieux entre
eux. Dans le méme temps, elles divisent un espace en deux «par-
ties». L'article se concentre sur 'effet de fragmentation: au sein
d’un territoire urbain, les routes principales peuvent segmenter
I'espace urbain en faisant office de barriéres physiques, indé-
pendamment de leur nature (trafic routier ou ferroviaire), de
leur largeur et de leur hauteur (surélevées, au sol ou souter-
raines), et de la densité du trafic. Les principaux axes routiers
peuvent, selon leur effet de barriére, altérer la qualité de vie des
régions limitrophes. Cette étude n’est pas axée sur les émissions
et la pollution atmosphérique, mais sur 'effet des barrieres en
termes de «séparation des communautés». Elle démontre la
transférabilité fondamentale des analyses structurelles de la
fragmentation paysagére dans 'espace urbain.

Grace a ses données géographiques sur l'utilisation des sols
pour pres de 700 régions urbaines (2012), I'«Atlas urbain»
européen du «Copernicus Land Monitoring Service» consti-
tue un bon point de départ. Pour I'analyse spatiale, une entité
urbaine plane est définie et construite sous forme de polygone,
en se basant sur les données de I'«Atlas urbain». Les routes et
les voies ferrées classées sont sélectionnées a partir d'«Open
Street Map». Douze villes de différents pays avec des structures
diverses et variées ont été choisies pour servir d’études de cas.
Cette étude montre que la fragmentation de I'entité urbaine par
les principaux axes routiers peut étre analysée et mesurée a
’échelle de 'ensemble de la ville a I'aide de I'indicateur relatif
au maillage effectif. Les résultats fournissent des indications sur
la cohésion territoriale de la zone urbaine, notamment par rap-
port a d’autres villes. Pour visualiser cela et obtenir une meil-
leure comparaison des villes, les résultats peuvent étre illustrés
en générant une grille réguliere de territoires non fragmentés
et de taille moyenne. Le maillage effectif décrit le degré de frag-
mentation de I'entité urbaine et est présenté comme une valeur
de mesure largement indépendante de la taille et de la densité
de laville. Ce type de mesure a I’échelle de I'ensemble de la ville
viendrait parfaitement compléter I'«audit urbain» de I'Union
européenne.

Fragmentation urbaine; séparation des communautés; analyse
spatiale; mesure urbaine; maillage effectif: comparaison de villes;
Atlas urbain; Open Street Map



