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1 ABSTRACT

At the country level, Belgium was found to be thedpean country with the highest degree of urbaavep
(EEA report on Urban sprawl in Europe, 2016). Therpmenon is most pronounced in Flanders, theyhighl
populated northern part of the country. No less B2 6% of its territory is taken in by settlemanga, and,

its landscapes are highly fragmented by ribbon andttered development. An increase of ribbon
development in Flanders from 3612 km in 1989 u@g165 km in 2012 was calculated by Verbeek et al.
(2014). This means an increase of 15% over 23 y&ix@n this urban fragmentation of the landscape,
concerns and discussions rise about the pros arslafahis development and strategies to mitigatstap
urban sprawl.

Urban sprawl can refer to both a state (level ohspat a certain point in time) and a process l{gian of
the level of sprawl in time). To gain better iftigin the state of urban sprawl, detailed dataigti quality
are necessary. Several measures have been uske litetature to quantify (different aspects ofpam
sprawl. Depending on the measure, but also onyfhe @f input data used, different results can keaiobd
which in turn can lead to completely different mpietations and conclusions regarding the levairbfin
sprawl in Flanders. In this paper we analyse ttiecefof alternative input data on the outcome & th
gquantitative sprawl measure “WUP” (weighted urbasliferation) (EEA, 2016). Using sealed surfacesias
input to calculate WUP leads overall to an undaredion of the space taken in by urban settlemémsce
of the importance of urban sprawl. Using the tetdtlement area of Flanders (including sealed sesfgbut
also gardens, parks, etc.) leads to a much begeesentation of the phenomenon of urban sprawl.

The process of urban sprawl in Flanders is analpgecheans of a temporal analysis using Landsatésag
of 1976, 1988 and 2000. The images are processedrinan settlement maps and urban sprawl is medsur
by means of WUP for the different time steps. Ddfece maps show the temporal and spatial dynamics o
urban sprawl throughout the region.

Finally, in order to make measures of urban spramd, hence the phenomenon itself, easier to irgegod
understand for a wider public, and, to answer thestijon “What is urban sprawl and where is it affer
Flanders?”, the WUP-maps are translated into aarugprawl typology map with characterizing examples
and typical spatial configurations for each typbae3e will be used to stimulate the public awareress
debate with respect to sprawl and the generallastating effects that it has on the Flemish lanoissa

Keywords: Flanders, spatial analysis, mapping, oress urban sprawl

2 INTRODUCTION

Landscapes in Flanders are highly fragmented blyoriband scattered development. In 2014 Verbeek,
Boussauw and Pisman calculated an increase ofrridbeelopment in Flanders from 3612 km in 1989aup t
4155 km in 2012, hence, an increase of 15% oveye28s. At the country level, Belgium was found & b
the European country with the highest degree oamurdprawl together with the Netherlands (EEA, 2016)
With this urban fragmentation of the landscape,dtecern and discussions rise about the pros amsl ao
this development. The monetary cost of sprawlecldgment is entering the public and political debat
This causes the need for a sound quantificationnamdetization of urban sprawl in Flanders and tm ga
better insights in the societal gains and lossgmbty measures aimed at limiting and counteractirban
sprawl. With a view to get a better understandihghe nature and cost of urban sprawl, the Flemish
Department of Environment & Spatial Developmenteped a scientific study. In this paper resultshaf t
first phase of the study are reported.
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3 QUANTIFYING URBAN SPRAWL IN FLANDERS

3.1 The state of urban sprawl

The EEA report of 2016 on urban sprawl in Europported on the recently developed WUP-method
(Schwick et al, 2010) to quantify and compare urbprawl between different regions and/or periodss T
method combines measurements of the proportionudf-up areas (PBA — percentage of built-up), the
degree of urban dispersion (DIS), and the landkepteer person (LUP) to give an overall — weighted —
quantification of the degree of urban sprawl. Thedpean sprawl analysis was done at the level of21k
cells, based on sealed surface information deffirad remote sensing (Copernicus) and populatioa data
1km? resolution for 2011. When further analysing tiesults for Flanders, use can be made of availabl
spatial data with a higher level of detail. Popolat employment and land use (built-up) informatene
available at a 1ha resolution thus enabling a mogeise quantification.

The input for carrying out WUP-calculations are:

* Number of inhabitants and jobs in 2013: derivedrfra population and employment map at 1ha
resolution (Poelmans et al., 2016)

e Built-up areas: The definition of ‘built-up’, or tier, what should be mapped as ‘built-up’ in orter
fully grasp urban sprawl can be quite divergente€hdifferent definitions of ‘built-up area’, using
four different data sources, are used and compared:

Buildings in Flanders
Sealed surfaces at a 5x5m? resolution
Sealed surfaces from the European Copernicus datisa®0x20m?2 resolution

O O O O

Settlement areas, representing all land uses aettinyi socio-economic functions, including
residential and economic land uses, infrastructeiereational grounds, gardens, etc.

Table 1 gives an overview of the input maps ofdbeesponding four ‘runs’.

1. ‘Imperviousness’ layer - Copernicus 2. ‘sealed surface’ layer — AIV (5x5m?
ggregated to 20m)
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Table 1: Alternative input ‘built-up’ layers to cailate WUP (zoom on Antwerp)

Figure 2 shows the resulting WUP-scores in the foas, summarised over the whole of Flanders. WUP-
scores are on average the lowest when using ‘ingidias a proxy for built-up area, since WUP sttpng
correlates with percentage built-up. The settlenaeaas run shows significantly higher WUP valuegufe

2) due to the fact that it includes the completetgloccupied by buildings as well as infrastructure
recreational grounds, gardens, etc.
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Figure 2: cumulative relative division of WUP vatuef 1ha-cells of four runs
1. based on imperviousness layer (Copernicus) 2. based on sealed surface layer (AIV)
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Figure 3: results of four alternatives, zoom origeg urnhout - Oud-Turnhout

Figure 3 shows the resulting WUP-maps zooming iragegion in which a — to Flemish standards - high
density city centre (Turnhout, circle 1) is locatezkt to a medium density suburban centre (Oud{iaut
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circle 2) with a high income residential neighbaot to its east (circle 3). This high income restid
neighbourhood developed in green surroundings ancharacterised by large plots with leafy park-like
gardens. Since the average WUP is highly diffenerthe four alternatives, the legends to map theRNVU
values are slightly adapted for each run, in otddre able to discern regional differences on thp.m

In Figure 3 both alternatives using ‘sealed surfasea proxy for built-up area (top) show a relatiow
WUP in the high-income residential quarter sin@dhrden plots are not counted for in the squatemnef
land used per inhabitant. When using ‘buildings’aagroxy, the result is a highly scattered imagt wen
average lower WUP values since only individual dinys, a subset of the sealed surfaces, are aetbort
The result of the ‘settlement areas’ alternativerasponds most to the perception of urban sprawl in
Flanders: relatively low WUP values in the city tes (Turnhout) and at the countryside, slightlghtr
values in smaller city centres (Oud-Turnhout), dngh values in the suburban areas radiating @ fihe
centres.

As all of the maps in Figure 3 show a rather spadt@ppearance, filtering these maps can helpstedi
more clearly zones with high versus low WUP vallégure 4 shows the filtered version of the WUP-map
based on ‘settlement areas’. On this map the sabualeas and urban fringes of large cities appehighly
sprawled areas. Also residential areas with highrage land uptake due to large parcels containing
luxurious housing accompanied by large gardensngnabhers to the Northeast of Antwerp, stand out on
the map.

WAUP (filtered, average over r=500m)
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Figure 4: zones of urban sprawl — at 1ha resolutibased on settlement areas map

3.2 Urban sprawl as a process

The process of urban sprawl in Flanders is analjpgadeans of a temporal analysis using land-usesrafp
1976, 1988 and 2000, based on Landsat images yeadiilable from earlier work by Poelmans & Van
Rompaey (2009). The land-use maps distinguish &-lee types at a 1 ha resolution: built-up landblar
land, grassland, forest and water. The built-uegaty is used in the calculations of WUP. In corigmar
the alternatives discussed so far, this holds sdraevhe middle between ‘sealed surface layer and
‘settlement areas’. Estimates of the historical benof inhabitants per ha are based on (Crols,e2@17).

Figure 5 shows the resulting WUP-maps for each.yeageneral, an increase of WUP, and thus of urban
sprawl throughout time, is observed. Differences loa analysed both in absolute and relative teFiggife

6). In absolute values (Figure 6, top), WUP is ryaincreasing in the surroundings of large citiesl a
alongside roads. Also a strong increase is obsdrvéite Southwest of Flanders, more in particutathie
Roeselare-Kortrijk-Waregem conurbation (black tglen figure 5). Rural areas, on the other hand,
experience a strong relative increase (Figure @&obn) due to the urban development which is slowly
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intruding in the landscape. In absolute terms, haneWUP values are still rather low at presentdMm
relative increase (<10%) in WUP is observed in s areas around large cities. A decreasing WUP is
only observed in the centre of Brussels, meaniraj the city centre is densifying over time (higher
population densities).

WUP

1976

Figure 5: historical time series of WUP for yea@y @, 1988 and 2000
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Figure 7: diverse profile of extreme values of WUP
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4 URBAN SPRAWL TYPOLOGY

Although WUP is a highly valuable measure to oliyety quantify urban sprawl, the measure is overly
complex to use in a communication strategy for eabder public. In part this is so because it is not
unambiguous. For example, low WUP-scores can laecklito both open green areas as well as dense city
centres. Figure 7 shows a set of four Google Esatbenshots (of 300 by 300 meters) with similar WUP
scores for the pairs left and right, but, with veontrasting building morphology types. Both lowvesll as

high WUP values occur in locations with varyingIbup density and population or employment density.
Therefore, in this study, a more intuitive urbamasy typology was created based on WUP, which aan b
used to encourage and inform public and politieddade on the topic in Flanders.

To make WUP more transparent, the filtered WUP-(s&e Figure 4) is crossed with a filtered actiwitgp
(summed number of inhabitants and number of joBgkst, both the WUP- and the activity map are
categorized in four categories (very low — low -gthi- very high) according to natural breaks. These
categorical maps are then crossed to create aa$6ed typology map. Figure 8 shows for each oflLthe
classes a Google Earth tile which represent thieaypuilding morphology.

Finally, classes similar to each other are aggesbat order to obtain a limited number of distibailding

morphology types. This results in a final sprawddlpgy class map with six distinct building morpbgy
types (Figure 9).
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Figure 8: profile of sprawl typology classes

The least sprawled and most dense (in terms ofiygttype consists of dense urban areas. Theserinn
zones of Flanders largest cities (marked in blackigures 8 and 9) refer to densely populated amase
multiple households reside in relatively small aeed houses or residential apartment buildingsd lLesed
per capita and distances between buildings is lbatetese locations resulting in low WUP values.

Zones with higher WUP-values but comparable agtidénsity, are marked in red on Figure 8 and 9s&he
sprawled urban areas are found either in the sahuifinge of the largest cities as well as in thatres of
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intermediate to small cities. Such areas consistaihly single-household dwellings surrounded brdgas,
thus increasing the average land use per person.

Ribbon development (orange in Figures 8 and 9)clwig often associated with ‘sprawl’, is found asho
everywhere in Flanders, but with a clear concewman the centre (Figure 9). The typical ‘allotnnn
Flanders are also interpreted as a specific formbion development. The activity density is lowviery
low in such areas. On average the WUP-values vetweden low and high in these regions. The reason fo
the low WUP-values of this ‘sprawled’ morphologytisat some forms of ribbon development consist of
rather compact linear structures in the countryside rather low percentage of built-up theread ibha-cel

is causing the relatively low WUP-values.

Disperse buildings (grey in Figures 8 and 9) séoweto very low on WUP as well as on activity deénsi

high concentration of this building morphology @ihd in the West of Flanders. The percentage bpila

these areas is too low to result in high WUP-valdesas with a dominance of disperse buildingsrere
perceived as sprawled areas, which is also exglamthe European urban sprawl report (EEA, 2016).

On the other hand, subdivisions (yellow in Fig8esnd 9), are characterised by relatively largegdarwith
moderate sized to large buildings and large gardéviest of these areas originate from a subdivisibn
large — previously agricultural — parcels into riphét residential parcels. Such a subdivision ifairt a ‘grid

of ribbon development’. Large yellow spots in Fig® indicate areas where these subdivisions spretad
widely due to very large parcels with large builgBnand very large gardens, accommodate higher-socio
economic classes. Land use per person is veryihighese areas (i.e. low activity level). Therefov&P-
values are high, hence contributing to urban sprawl

One remaining sprawl type consists of remainin@su@ccupied by human activities but without redisien
nor significant employment (i.e. very low activigvel). This other category (pale grey in Figurean8 9)
gathers recreational areas, camping grounds, tnficdsre, secondary home areas, ...

dense urban area

sprawl typology I:l dispersed buildings |:| ribbon development -
|:| open area I:l other \:’ subdivision - sprawled urban area

Figure 9: sprawl typology map of Flanders
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The map in Figure 9 and the accompanying profileBigure 8 have the potential not only to assibaar
policy makers in developing and putting into preetimeasures to reduce or at least to prevent furthe
expansion of urban sprawl, but also, to increasethareness of urban sprawl for a wider audience.

5 DISCUSSION

Urban sprawl is a complex phenomenon. Measuringrugprawl as well as understanding what urban
sprawl means in terms of building typology is chadling. This study shows that, in measures like W@
input data have a strong impact on the quantibcatif urban sprawl. Results show that using thesivipus
area, as has been the case in the EEA-study in, 284@s to a clear underestimation of the problém o
sprawl in Flanders since many green areas (gardetedy fulfil a residential function. Using setthent area

as an alternative input encompases the completiergml areas in the WUP and leads to a bettesuorea

to quantify sprawl in a Flemish context. It is th@re important to take into account the type giuindata
used to analyse and compare the results of spraatunes.

Another drawback of the WUP-measure is its conflith the common sense of what urban sprawl means i
terms of building morphology. By applying this meeesin Flanders, small to medium urban centres appe
as highly sprawled areas (high WUP), while in thenftsh context these areas perform as urban cewities
an increased concentration of population and mglslicompared to their surroundings. The typicamisa
ribbon development, on the other hand, does natyalvgcore high on WUP, while they appear as urbdniz
tentacles reaching out into rural and open arelasy &re therefore perceived as urban sprawl byuhbéc
opinion in Flanders. The urban sprawl typology iempénted in this study tries to remedy these effiegts
translating the WUP-measure into a more intuitipea®/l measure. Both the spatial and historical yesee
and maps of sprawl deliver useful insights and esterring handles to guide policy and the publicatie.
While the maps indicate the ‘hotspots’ of presentell as past urban sprawl, the images give ‘fage’
sprawl and initiate the debate on how and wheprdgent sprawl from increasing.

In the remainder of the study, more effort willigathe development of scientific material to febd public
debate and produce practical levers for plannedspaticy makers. To begin with, the types developdt

be an input to compute monetary costs and berwgfitsban sprawl. This will involve costing publiersices
associated with each urban sprawl-type: dwelliegergy, roads and other infrastructure, servicesiged

to inhabitants, transportation, etc. It is expedteat high sprawl will involve high public costsutb this
relation is not unambiguous. Next, land use scemawill be developed and run using RuimteModel
Vlaanderen (White et al., 2015) to explore the tgwment of urban sprawl towards 2050. Detailed lasel
maps at the 1ha resolution will extend the timeéesediscussed in section 3.2, hence, allow to coenfhe
evolving WUP-values associated with each scen&ienarios will implement expected demographic and
economic growth alongside various sets of policyasuees aimed at combatting urban sprawl, and, it is
expected that the analysis will reveal inputs faligies to deal with urban sprawl in Flanders.

With these instruments at hand, understanding anttaling urban sprawl should be closer.
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