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Abstract: To limit additional (net) land take for economic activities, the reality of space use needs to
be properly understood. This was assessed by comparing the spatial patterns obtained from a field
inventory with those from existing data for five case areas in Flanders (Belgium). Each case area is
a transect from a high-density urban area to a suburban neighborhood or even a semi-rural zone.
The statistics on these areas, based on official data, mostly derived from tax returns, social security
contributions, and on commercial retail data, were checked with field observations. The location
of economic activities and the patterns of space use vary in different settlement environments,
resulting in the identification of typical characteristics for eight location environment types. While in,
for example, core shopping centers a strong convergence can be noticed between existing statistics
and the field inventory (71% of companies and 93% of parcels are detected on the field), in residential
areas (21% of companies and 17% of parcels are detected on the field) the convergence is very
limited. In other words, in some environments, (the combination of) data and statistics give a good
understanding of the space use while, in other environments, gaps with realities in the field are
obvious. Therefore, a field inventory system can enrich the picture and present another reality to
complement both existing statistics and other land-use data methods such as remote sensing and
web data extraction.

Keywords: urban expansion; land use; land take; urban sprawl; spatial economics; inventory;
locational determinants; government; urban policy; location environments

1. Introduction

Land recycling allowing inner-city development or the re-naturalization of abandoned land is
a key part of sustainable land management. It is intricately linked with the issue of land take, as in
the absence of brownfield redevelopment, areas dedicated to economic use are artificially created
at the fringe of cities thus increasing the annual consumption of new land. In turn, new attractive
developments at the outskirts of urban areas may attract new residents and firms, leading to the
gradual dereliction of the core city areas, and eventually creation of new brownfield sites. In 2014 a
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comparative study on available data and indicators of available areas for (re) development within the
urban fabric concluded that the knowledge base needed to be improved in order to foster analysis
of potential future EU land take trends, to set EU-level targets (including control indicators) and to
determine appropriate monitoring mechanisms [1].

The European Commission’s Roadmap to a Resource Efficient Europe proposed as milestone:
“By 2020, EU policies take into account their direct and indirect impact on land use in the EU and
globally, and the rate of land take is on track with an aim to achieve no net land take by 2050” [2].
In Flanders the concept of “no net land take” was approved as part of the Spatial Policy Plan
Flanders by the regional government in November 2016. This implies an optimization of space
use in developed areas, and consequently, an understanding of this use within the urban fabric.
Considered by international standards, most of Flanders can be considered as urban fabric. According
to the Eurostat definition of urbanization, 7 out of the 308 Flemish municipalities are considered
as “cities”, 228 get the classification “towns and suburbs”, and 74 (only) are rural; 11 of the 308
municipalities have more than 50.000 inhabitants while the average density is 485 inhabitants/km2 [3].

Sarzynski et al. [4] identify spatial patterns in metropolitan areas using a combination of indicators
and metrics, i.e., intensity, compactness, mix and mono-centricity, yet ascertain that delimited areas are
still internally complex. They conclude that “anti-sprawl” programs must be carefully constructed
based on the particular land-use dimensions while generic “anti-sprawl” policies and planning
activities are likely to produce disparate metropolitan impacts.

The Flemish departments of Environment and of Innovation and Entrepreneurship set up a series
of studies called “Segmentation” to explore the economic land use in Flanders. Our paper presents the
outcomes of the Segmentation III project, introduced in Section 3 together with the methodology and
overall approach. Section 4 presents the assessment of actual land use in five case areas in Flanders
by comparing the spatial patterns obtained from a field inventory with those from statistics based on
existing data. A comparison of similar sub-zones in the case areas, was used to determine location
environments for economic activities. The discrepancy between the field inventory and spatial patterns
derived from traditional databases based on e.g., employment and tax returns, show that strengths,
weaknesses, gaps and synergies also differ by location. We suggest targeted new data collection
methods in different settlement environments in which field observation play a more prominent role.
In the final section, we zoom out, and conclude that assessing expanding space use versus infill for
economic activities is scale dependent.

2. Efficient Land Use and Consumption, Spatial Productivity and Urban Sprawl: A Literature Review

As mentioned before, Flanders is aiming towards no additional land take in 2040, while nowadays
we can speak about an additional daily land take of 6 hectares [5]. In other words, changes in policy
planning considerations and habits are required to realize the aforementioned goals. These policy goals
are partly related to the fact that land in itself is nowadays being considered as a non-renewable resource,
which points to the need to increase the spatial efficiency of land use. Louw et al. [6] and Hubacek
& Van den Bergh [7] point for example towards the changed meanings of land in (spatial) economics.
From a neoclassical viewpoint less attention has been paid to land as a production factor, whereby capital
and labor inputs are generally considered more important. It is only recently that land is reintroduced in
economic theories and more attention is paid to the efficiency of land use in planning policies, partly the
result of the focus on sustainable development. In addition, several dynamics as population growth,
urbanization (China), limited supply of land (Hong Kong, Singapore) and urban sprawl (Belgium,
The Netherlands) contribute to the renewed discussion on efficient land use. Van der Krabben et al. [8]
show for example that there is a relation between urbanization and spatial productivity on the one hand,
and the combination of activities/sectors and spatial productivity on the other hand. Nevertheless,
there is very little knowledge about the measurement and analysis of efficient land use, with an exception
of agricultural land use and productivity. Besides, it is often unclear how much land is used in practice
by different activities, including the distinction between economic and non-economic land use.
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The newly proposed policy plan in Flanders [9] is pointing to concepts as “intermixing of
functions” (multifunctional land use), intensification of land use, land re-use (brownfield development
and infill activities) and temporary land use. These concepts find ground in theories and movements
as New Urbanism and Smart Growth in the USA and Compact Cities in Europe as an answer to limit
further urban sprawl and related costs e.g., [10–12]. This is highly relevant as Belgium has the second
highest degree of urban sprawl in Europe (after the Netherlands) according to the EEA WUP-indicator
(The metric (weighted urban proliferation) is used to quantify urban sprawl. It is the product of
the dispersion, a weighting of dispersion, the percentage of built-up area and a weighting of the
land uptake per person. It is measures in urban permeation units per square meter of landscape).
Notwithstanding these high levels, a further increase in both countries could be noticed during the last
decade [13,14]. The oversupply of building plots will further steer suburbanization and sprawling
in Flanders in the coming years, which can not only be tackled by the new planning policy [15].
This “tradition” in urban sprawl is accompanied by lock-in effects, which only get bigger and harder
to reverse [13], as also identified by De Decker [16] and Bervoets et al. [17] in Flanders.

Intensifying the use of space and strengthening the multifunctional use of space are different
concepts. Nevertheless, these are often related as was illustrated for the Flemish business parks (in an
earlier study commissioned by the Flemish Environmental department; [18]). Multifunctional land use
is focusing on the creation of synergies by combining different land-use functions [19]. In turn, this is
partly related to the urban quality which must be safeguarded when intensifying space. In other words,
the challenge is to focus on a higher (living) quality while using less space [20]. Of course, not all economic
(and non-economic) activities can be intermixed and a specific framework for the spatial differentiation
of economic activities is needed for policy goals and planning. Such a framework is difficult to establish
and mainly lacking at the moment. Besides, there is often a gap between theory and reality. To give an
example, the Association of Dutch Municipalities developed different categories of economic activities
which could be mixed with residential activities, based on environmental hindrance/impact. According
to this categorization 86 percent of all economic activities (companies) in the Netherlands can be combined
with residential activities. In reality, 40 percent of companies that can be mixed are in business parks,
while approximately the same amount of companies, which cannot be mixed, are in residential or mixed
areas [21]. In addition, it can be stressed that there is (still) a lack of knowledge of locational decisions
of many companies/sectors (regarding logistics) [22]. Rodenburg & Nijkamp [23] for example stress
that little is known about the combination of land-use functions that result in positive (or negative)
synergies. In any case, it is important to consider both the susceptibility of activities and areas in terms of
intermixing and multifunctional use [24]. The possibilities for interweaving of a firm with its surrounding
milieu depend on the interaction between the different actors: firms and stakeholders living or working
in the vicinity. In other words, the interweaving profile of the firm and the interweaving profile of the
area surrounding the firm, must be in balance [25].

Sarzynski & Levy [26] distinguish several approaches to measure spatial efficiency. The first
approach is oriented towards assessing overall land-use patterns and urban sprawl, whereby metrics
as density, proximity, centrality and concentration are used. They are useful to analyze agglomeration
effects but limited in terms of spatial efficiency as it neglects how people behave in different
environments. Alternative approaches are therefore more focused on measuring average commuting
times, congestion and road usage, etc., or on measuring all kinds of accessibility (e.g., access to
jobs/skilled labor, access to markets/services). This is partly related to three factors (identified by
Sarzynski & Levy [26]) that influence the spatial arrangement of economic activities: business location
decisions, residential decisions, provision of physical infrastructure.

Based on these factors two overarching (partly interconnected) strategies to improve the spatial
efficiency are identified, namely the strengthening of co-location and the improvement of connectivity.
Of course, one should consider possible externalities (e.g., congestion), which result in the need to
foster a certain level of de-concentration in certain areas, rather than concentration. In other words,
the authors point to the need of a long-term view and more research into the consequences of (urban
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and spatial) patterns for economic development. It should be clear that insight in existing patterns is
therefore a crucial factor.

In addition, and related to spatial efficiency, several ways to measure urban sprawl and land use
can be mentioned, the earlier mentioned “weighted urban proliferation” being one of them. However,
as shown by Vermeiren et al. [27] the WUP-scores are too complex to understand and to use by a
broader public, partly because open green areas and dense city centers can have the same score.
Besides, one underestimates urban sprawl in Flanders by not completely considering the ribbon
development. Although several authors [28,29] are also indicating or using spatial metrics to analyze
urban sprawl, they often prove difficult to interpret, due to a lack of consensus on thresholds [30].
In other words, it seems that more qualitative research is needed to assess on the field howland is
really used and which combination of activities are present. For sure, satellite imagery and remote
sensing are advancing fast and can be important tools to analyze and model urban growth and land
cover [31–33], but they (still) have limited value for urban policy making that needs detailed information
regarding land use and combinations of activities and uses.

3. Context and Methodology

3.1. Context

The study (called Segmentation III) was conducted in a collaborative learning setting involving
two departments (Environment and Innovation and Entrepreneurship) of the Flemish Government,
Buck Consultants International, and researchers from the University of Leuven (KU Leuven). The study
had two main goals:

1. Increase the knowledge of the factual land use for economic activities as an input for a future
observatory on economic space;

2. Analyze the relevant concepts in the Spatial Policy Plan Flanders (BRV) by applying them in
common economic contexts.

It succeeded two previous studies (Segmentation I and II) in view of gradually trying to unravel
the complexities behind the mix and intermixing of economic activities with other functions using
space such as housing. While segmentation I [34,35] focused on a segmentation and classification of
economic locations (environments or milieus), Segmentation II [36] analyzed the transformation of
economic estates. Segmentation III aims at gaining insights in the ways and reasons why economic
space embedded in settlements tends to degrade or to be underused.

All too often, one supposes that the existing data(bases) can reveal the complexity (in terms
of type) and the location (in terms of milieu) of economic activities and that these data will be able
to underpin policies related to space for economy and the needs of economic actors in space in a
satisfactory way. Daily, policy makers and officials experience that the reality is far more complex
than data from databases reveal. Detecting and especially understanding the processes that foster
or hinder the interweaving of economic and other activities, understanding location strategies and
decisions by economic actors, relations to attitudes and opinions of other stakeholders sharing the
same space, are the main concerns. Nevertheless, it is very difficult to prove that a gap exists between
the data and the reality in the field. The Segmentation III project allowed for the first time to confront
a very detailed field inventory (and resulting spatial pattern) with the pattern emerging from data,
and subsequently, answering three questions: (i) to what extend are both patterns confirming each
other or not, (ii) how can existing data enrich the field inventory (e.g., in order to calculate the space
productivity) and (iii) do policy makers need targeted new data and data collection methods?

Therefore, and on request of the policy makers, the inventory came first and did not build on
statistical data. The team rather worked the other way around, organizing a quantitative inventory of
the field on an array of different contexts, while exploring—afterwards—the way this inventory could
(or should) be enriched by exiting statistical data. The search for detailed factual land use explains why
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a series of applied methods (GIS layering, hot spot analysis, etc.) and statistical analysis techniques
serve a highly empirical approach with a focus on the degrees of and opportunities for interweaving
of residential and economic functions.

In-depth interviews complement the approach in creating an additional database for interpretation
of the resulting spatial patterns. The current paper addresses the understanding of space use for
economic activities within the urban fabric resulting from this inventory with reference to existing
databases when possible and useful. The in-depth interviews, and consultations with economic
stakeholders and with civil servants to translate the resulting patterns in potential starting points for
spatial economic policy are beyond the scope of this paper since this is still work in progress.

3.2. Approach and Methodology

Five case areas in Flanders (Belgium) were selected by the project awarding authorities (Figure 1).
Each case area is a transect from a high-density urban area to a suburban neighborhood or even a
semi-rural zone, in different (types of) regions: coastline (Koksijde)-inland (Veurne) transect, transects
in the metropolitan area (but outside the city centers) of the major cities of Antwerp and Ghent, in the
medium sized city of Hasselt (and its suburbs), and the smaller city of Aalst (including the area along
one arterial or access road).
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These choices emerge from experience with a very diverse urban and semi-urban to semi-rural
fabric with a very complicated, partly historically built-up tissue in which mixed land use and
interweaving is a general phenomenon. The selection is broad enough to cover a diverse range of
particular (urban) environments that contribute to the differentiated landscape of economic land use
and physical as well as functional relationships. To complement existing studies in bigger metropolitan
areas such as Brussels, Ghent and Antwerp, it was a deliberate choice not to include the bigger
city centers and focus on smaller regional cities or the outskirts of bigger cities. For example,
the Koksijde-Veurne case study consists of a touristic seaside town, a small regional city with
approximately 12.000 inhabitants, and a hinterland mainly focused on agriculture. The transect
in the metropolitan area of Antwerp starts at the city fringe and is mainly focused on a (partly upscale)
suburban area in the direct vicinity of a primary arterial road. The transect in the metropolitan region of
Ghent includes a secondary arterial road towards the smaller city of Deinze (approx. 30.000 inhabitants)
throughout residential areas and some business parks. The city of Aalst, a former industrial city (with
approx. 85.000 inhabitants) is largely covered, as well the main access road towards the highway
surrounded by several industrial estates and business parks. In Hasselt (approx. 78.000 inhabitants)
the city center is covered as well as some suburbs, more traditional business parks and a modern
business park on a former redeveloped industrial site.
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Researchers started with an inventory of all visual economic activities (Economic activities are
all locations with an economic function or meant to have an economic function. This means that also
vacant buildings which are meant to have an economic activity (e.g., by a “for rent” sign) were part
of the inventoried activities.), walking or cycling through the streets in the selected case study areas.
The method used for inventarization is an extended version of the one developed for and used in a
former project situated in the northern edge of the Brussels Area [37]. For each parcel (based on the
digital reference map of Flanders—GRB—indicating buildings, parcels, routes and other geographical
and infrastructural features) showing economic use, several features were recorded, according to a
protocol, which was developed in cooperation with policy and planning officials. Elements considered
were structured into two categories: the firm/activity (dominant activity, activities on the ground
floor, activities on the other floors, for rent/sale, physical condition or state of the used space) and
characteristics of the parcel or plot (green/blue infrastructure, temporary constructions, temporary use,
ramps, number of parking lots, fence, quality of the surfacing, multiple buildings). This inventory
was thematically mapped in different ways, using GIS, respecting the parcel as a unit. The actual
field inventory was carried out by 5 researchers (one of them being the supervisor) by making use of
a strict protocol, which was tested first in a different complex environment with students in Leuven.
Besides, to improve the consistency, the researchers inventoried the same streets in the beginning to
discuss potential difficulties, and met regularly during field work days to discuss difficulties experienced.
Besides, activities were described as specific as possible during the fieldwork and afterwards classified
by only two researchers to improve the consistency regarding the classifications and final database.
The classification scheme used is the same as in the earlier mentioned study focused on Brussels [10],
although some additional subdivisions were made. This classification scheme (32 categories) differs from
existing NACE scheme (Statistical Classification of Economic Activities in the European Community)
by taking related activities together (e.g., car-related activities includes for example both car dealers,
fuel stations, car wash companies etc.). In addition to the 32 (sub) categories, 10 overarching categories
were used (Arts, Culture and Sport, Construction, Vacant, Production/Manufacturing, Retail and Horeca,
Services, Utilities, Vehicle-related activities, Wholesale and Logistics).

The next step was focused on the identification of the different location environments (which was
developed through action research). Therefore several stakeholders from practice and policy officials
collaborated with the researchers to identify and label sub-zones within the case study areas.
These sub-zones were identified based on particular visual characteristics in terms of patterns and
relationship and combinations between different kinds of economic land use and housing, in combination
with local knowledge about the areas. No prior categorization from literature or former research was
considered during this phase. The identification of the environments was therefore based on a process
of “out-of-the-box” thinking and interpretation based on the patterns emerging through the mapping
out of the field inventory. This resulted in a first set of potential settlement/location environments.
As a next step these first potential location environments were compared across the cases to identify
and name comparable location environments, which were used for further analysis. This resulted in
several master-categories, using the kind of labelling (city center, main access road, economic estate,
residential area, scattered build up area) that is familiar to practitioners. Consequently, several GIS
procedures were carried out to get insight in the particularity of the location environments. These more
sophisticated analyses and combinations with other indicators helped the researchers to describe the
characteristics of these environments even more in depth. This allows, among others, to distinguish
more traditional and/or historical and organically grown economic tissues such as shopping streets in
cities centers from more artificial and dedicated zoning for economic use. One of those indicators is the
combination with housing since it can make a huge difference in terms of density of land use. This is
even the case across areas classified in the same location environment and thus based on the presence
of similar economic activities (e.g., a residential location environment identified based on housing in
combination with dispersed services (doctors, lawyers, et cetera) can be both a suburban area with large
parcels or a 19th century inner-city residential neighborhood). This makes it difficult to further generalize
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for each identified location environment by using in-depth statistics. Another interesting GIS procedure
carried out is dissolving adjacent parcels with a similar economic use into 1 feature. This allows for
insights in the degree of fragmentation versus concentration between and across location environments.

Simultaneously with the GIS procedures, and as mentioned in Section 3.1. the patterns in the
location environments where compared to patterns resulting from existing statistics. Here we will focus
on the two most important sources, the VKBO (Verrijkte Kruispuntbank Ondernemingen—Enriched
database of registered economic activities and firms) [38] and Locatus [39]. The first one is the authentic
(federal) source of data on companies enriched with addresses and some other information (dataset of
March 2017). Locatus is a commercial company collecting data (e.g., addresses, activities according to
NACE, retail floor space) about stores, shopping areas and footfall in the Benelux, Spain and several
cities across Europe (dataset of February 2017).

4. Results

4.1. Inventory and Identification of Location Environments

As mentioned before, we used a gradual approach to identify location environments.
Before explicating the 8 identified location environments or milieus, Table 1 gives an overview of the
scope of the study. For each case study, the number of detected parcels with at least one economic
activity, the number of firms and number of activities are mentioned. When calculating the share of the
total number of parcels, one can see that this varies from 7% up to 20% (The total number of parcels was
calculated with GIS, from the cadastral documents in the areas where field work took place). Of course,
this is just a start since the whole objective is to distinguish location milieus within (and across) the case
study areas. Differences in these numbers are mainly arisen from the density and characteristics of the
area. As indicated Hasselt was mainly a complex urban tissue, while Wijnegem-Malle is a suburban
residential area. Once again, identified location environments still show a considerable amount of
differentiation on this kind of characteristics although the patterns of activities are approximately the
same. This confirms some internal complexity which cannot be fully grasped with statistics, which was
also mentioned by Sarzynski et al. [4].

Table 1. Number of activities, firms and parcels per case area from the inventory.

Case Number of
Activities

Number of
Firms

Number of Parcels with an Economic Land Use
(Percentage of Total Parcels in Study Area)

Koksijde-Veurne 1235 1054 945 (14.2%)
Aalst-Herzele 2194 1714 1519 (15.2%)

Hasselt 2680 2187 1686 (21.2%)
Deinze-Gent 1118 889 788 (11.6%)

Wijnegem-Malle 1263 1149 983 (7.3%)
Total for all 8490 6993 5921 (13.2%)

One of the first steps after the inventarization was the first identification of rough sub-zones,
based on the resulting pattern showing all parcels with an economic use (without distinguishing any
sub-category) (see Figure 2). It shows how different the situation can be in different part of a case study
area in terms of density and structure. The following two figures show more qualitative characteristics.
Figure 3 shows economic activities distinguished by category, while Figure 4 shows the combination
with housing. The latter for example enable to distinguish between more historical shopping streets
and more recent developments at the outskirts characterized by a zoning in which housing is less
common or not allowed. In line with the analytical logic presented in the previous section and
following the gradual approach of identifying the location environments or milieus through action
research, eight location environments could be identified, of which two were further subdivided.
The delineation of the location environments had to be determined to do some analysis, but the
research team considers this as an open delineation. This also means that not every parcel is appointed
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to a location environment (see Table 2 for some numbers), while at the same time, some parcels
are appointed to two location environments. We tried to summarize the main results in Table 3.
Furthermore, it should be stressed that certain patterns are not identified as they fall partly outside the
case study areas. The list with identified location environments is therefore not exhaustive.
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PC—Retail/construction; RF—Retail/food; RH—Hotels and lodging; RO-Other retail;
RP—Retail/personal; SE—Services/education; SFL—Services/financial, insurance, legal and
consultancy; SHC—Services/healthcare; SOP—Other personal services; SPO—Other professional
services; SPS—Public services; UT—Utilities; VB—Vehicle/bicycle; VC—Vehicle/car and
trick; VR—Vehicle/rail; VW—Vehicle/water; WF—Wholesale/food; WO—Other wholesale;
WTS—Transport and storage.
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Table 2. Detected parcels with an economic function per location environment.

Location Environments Number of Parcels with
an Economic Function

Average
Size (m2)

Median
(m2)

Standard
Deviation

City/urban center 2432 578 196 1707

High street retail/core shopping area 1341 330 181 743

Services along the city belt 680 809 253 2235

Residential areas characterized by
scattered services 590 1579 677 3349

Access roads characterized by retail
and car-related business 209 2136 1315 2595

Access roads characterized by
services, retail and catering 444 1269 380 3246

Village center characterized by retail
and services 401 1327 433 12,007

Village center characterized by
scattered services 220 1770 836 3223

Open areas 172 7467 4598 8788

Business parks 453 6518 3328 10,220
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Table 3. Eight location environments identified (based on field inventory in 5 case study areas).

Location Environments Most Common Econ. Activities 1 Combined with Housing Vacancy Rate Agglomeration Effects 2 Size of Parcels

Urban centers Approx. 50% of all main economic
activities in retail and catering

Approx. 50% of all parcels with an
economic function. Big differences

between cities
±10%

Concentration of similar economic
activities (50% of remaining parcels

after adjacency)

Small parcels but a large range.
Median of approx. 200 m2

High street retail area (urban
commercial centers)

Approx. 50–80% of all main
economic activities of activities in

retail and catering

Approx. 50% of all parcels with an
economic use ±10%

Large concentr. of similar economic
activities, more specifically retail and

catering (38% remaining parcels)

Smaller parcels. Median of
approx. 180 m2

Services along the city belt >50% of all main economic
activities in services

Approx. two third of all parcels
with an economic use is combined
with housing. Exceptions: bigger

parcels with schools, hospitals

±10% Mainly adjacent activities in
services (60% remaining parcels)

In general, larger compared to the
urban centers. Median of ca.
250 m2. Large range and big

differences across areas

Residential areas characterized by
scattered services

Approx. 2/3 of all main economic
activities in services

Approx. 75% of all parcels with an
economic function ±4% No concentration; adjacent

functions (88% remaining parcels)
Large parcels and range. Median of

approx. 680 m2

Access roads 4

Access roads characterized by
retail and car-related business

Economic activities mainly in retail
and catering and car-related

businesses

Approx. one third of all parcels
with an economic function ±7.5% Limited (73% remaining parcels) Large parcels and range. Median of

approx. 1315 m2

Access roads characterized by
services, retail and catering

Economic activities mainly in retail
and catering and services

Approx. 50% of all parcels with an
economic function ±10% Limited (82% remaining parcels)

Smaller compared to main arterial
roads in general. Median of

approx. 380 m2

Smaller centers 5

(Village) center characterized by
retail and services

Economic activities mainly in retail
and catering and services

Approx. 80% of all parcels with an
economic function ±6%

Limited concentration of similar
economic activities (69% remaining

parcels)

Medium sized parcels. Median of
approx. 430 m2

(Village) center characterized by
scattered services

Approx. 50% of economic activities
in services and 25% in retail

and catering

Approx. two thirds of all parcels
with an economic function ±4% Limited (78% of remaining parcels) Larger parcels and a large range.

Median of approx. 830 m2

Open areas 3 Mainly agriculture Approx. 75% of all parcels with an
economic function <1% n.a. Very large parcels and a large

range. Median of ca. 4600 m2

Business Parks/economic estates
Wholesale and logistics (ca. 25%),

services, production, retail and
construction

Approx. 100% of all parcels with an
economic function ±8%

Large (but not uniform across
milieu, especially for activities in

production/manufacturing (75% of
remaining parcels)

Very large parcels. Median of
approx. 3260 m2

1 Broad categorization. 2 Measured in terms of adjacent parcels with the same economic use. 3 Only built-up parcels are inventoried. 4 Not all parcels (874) of the access roads belong to the
subdivisions (209 and 444) (see Table 2). 5 Not all parcels (675) of the smaller centers (villages) belong to the subdivisions (401 and 220) (see Table 2).
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We try to illustrate how the summary above is elaborated in detail for the different cases by taking
at first instance some location environments from the Aalst-Herzele case (see also Figure 2).

A first location environment is the city or urban center which, in line with the expectations,
is characterized by a high concentration of mixed retail, (ho) reca (hotel/restaurant/café) and services.
Aalst responds to that profile with 57% of the economic parcels used by retail and horeca and 26%
by services. Vacant buildings (with former economic use) in the center are quite common as well
(13%). A combination of economic activities and a residential function was recorded in 53% of the
economically used parcels in this location environment. Even then, specific patterns can be found,
such as a combination of a residential function and an economic function, being especially characteristic
for the edges of the core.

As can be expected, comparable activities are often situated on adjacent parcels, especially retail
and reca. Therefore, if one merge parcels from the same broad “economic use” category, less than
half (49%) of the parcels are left which indicates a low fragmentation/high concentration of similar
economic activities. It is not surprising that this figure drops even more (to 29%) if one takes the core
shopping area only (see Table 2). Nevertheless, it is interesting to notice that this concentration is
quite different from city to city with, in our research, a range from 41% of parcels left for the larger
city of Hasselt (30% for the core shopping area) and 65% of parcels left for the smaller city of Deinze
(60% for the core shopping area). The median plot size in Aalst is nearly 170 m2 which is fairly small
compared to other cities in our research. What is clear from our results is, that a city center, as a location
milieu, has many different appearances. Of course, the urban center of Aalst shows similarities with
other cities such as Hasselt, but important differences can be detected when comparing with Veurne
or Deinze which are smaller. In smaller cities, the mix in the city or town center seems to be larger.
This reveals, at least, that size of the city or town is important, not only in terms of quantity of economic
activities but also in qualitative terms. One can detect important differences in locational patterns
inside the center and dominance or weakness of particular subcategories within the major activity
categories such as “personal services”. Patterns are influenced by the population densities and other
characteristics of the catchment area around the city or its functional role on a regional level as well.

Around several inner ring roads, railway stations or particular squares (called a milieu of services
along the city belt or in the urban fringe), one can detect a concentration of services, while retail
and reca are less dominant (compared to the city centers) or even relatively absent. While, for Aalst,
retail and reca drop to 32%, services gain in share, up to 52%. The fragmentation is quite high since
merging parcels characterized by similar activities, leaves us with 64% of the former number of parcels
after the procedure was carried out, although the interweaving with other functions and activities is
low and just in case we detect interweaving, it might be with vacant economic buildings. Slightly more
than 65% of all parcels with economic use (in this milieu) are combined with housing, which is in line
with the other cities. The median plot size of all economic used parcels is 214 m2. One can conclude
that this milieu is fairly consistent across the different cities and towns in our inventory, but differences
can be detected. For example, the share of professional services is considerably higher in Hasselt than
in Aalst. Further, the diversity of economic activities in this milieu is higher in bigger cities and less in
smaller cities while, for the city center the contrary could be found.

The study revealed a type of location environment labelled “residential areas with scattered
services” (For this and the following location environments the numbers are calculated on all areas
labelled with the specific location environment type regardless the case). This type of “milieu” which
could be detected in all case study areas, is particularly interesting because of the discrepancy between
what could be observed in the field and figures from databases such as VKBO (Flemish database of
registered economic activities and firms). This kind of environment can be found near city centers,
in residential neighborhoods along access roads as well as near the center of urbanized and densely
populated villages. Among the parcels with economic use, 20% hosts a medical service function and
16% a personal service function; all kinds of services constitute a share of 62% (combined) while
retail and horeca constitute a share of only 19%. The distribution of economic activities is scattered,
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indicated by a figure of 88% of the parcels remaining after adjacent parcels that belong to the same
activity category are merged. Further, it is not surprising that 73% of the economically used parcels
are combined with housing, while on very few parcels, a combination of several activities could be
detected. The median plot size goes up again and attains 677 m2.

Main access roads (all combined, in general) revealed to be a very specific location environment
or milieu although many differences can be found within this category from a density, activity and plot
size perspective. Some particular characteristics in terms of activities can be summarized as follows:
(i) large mix (no dominant activity); (ii) relative absence of personal services; (iii) remarkable presence
of car-related companies compared to other location environments (10% of the economically used
parcels). A percentage of 80% remaining parcels after a join of adjacent “same-activity” parcels, is an
indicator of diversity while only about half (52%) of the parcels combine economic activities with a
residential function. The importance of this kind of location environment (at least in Flanders) on the
one hand and its diversity on the other hand, urges the researchers to distinguish two subcategories
to which some of the access roads belong to: access roads with retail (e.g., furniture and sanitary
equipment and other products related to homebuilding, 18%) and car-related businesses (16%) on the
one hand and access roads with a more mixed profile in which services are more important on the
other hand. When comparing the share of economic activities combined with housing, the figure is
considerably lower for the former type than for the latter (34% versus 62%) while the median plot size
is much bigger (1315 m2 versus 380 m2).

Finally, we would like to give some details about village centers. This type of location environment
occurs repeatedly in different shapes and formats. Not one activity is very dominant but, of course,
services (43% of the economically used parcels) and retail/horeca (38%) are very important. Within the
category of services, personal services are the most important (13%) while within retail, groceries are
on top of the list (9%). With personal products’ retail (8%) almost as important, one should realize that
this location environment is going beyond the provision for every day needs. The percentage of parcels
left after a join, is 75% which does not indicate a high concentration but not a high fragmentation
either. Diversification of activities might explain this figure. Again, the researchers opted for a
sub-categorization into village centers with a prominent presence and concentration of retail and reca
(often in combination with the location along an important road) and others with dispersed services.

In this overview, we presented only 5 location milieus in detail. It seems that the remaining
(shopping centers, open area with ca. 50% of the economically used parcels being dedicated to
agriculture and finally economic estates) milieus are more straightforward and in general less
surprising. They have a more specific dedication and focus on certain economic activities.

4.2. The Combination of Field Observations with Different Data and Statistics: Gaps and Analysis

As mentioned in the former section, an important goal is to compare the resulting patterns
from the field observation with existing statistics. This is done for both the complete inventory as
for the different location environments. A GIS overlay was created between registered companies
(address points—XY coordinates) in the enriched database of registered economic activities and firms
(from VKBO) and the cartographic representation of the inventory of economic activities that could be
detected in the field (parcels). The outcome can be threefold: address from the database and parcel with
economic activity are in line (4206 parcels on 8957 parcels with an address point of firms), we registered
a kind of economic activity during the fieldwork but it does not show from the database (1702 parcel
from 5908 detected parcels in total) or we have a mapped firm from the database without visual
appearance in the field (4751 parcels on 8957 parcels with an address point of firms). These differences
between case study areas and location environments are considerable but the bottom line is that only
47% of the registered firms matches with the inventory from the field (in terms of a detected economic
activity). The main question therefore is: why?

Before reflecting at explanations, we present two illustrative maps, one from a city center and one
from a residential area, illustrating the discrepancy described above (Figure 5).
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Figure 5. Database address points versus inventory mapping of visual economic activities. (a) City
center of Deinze; (b) Residential area (Hasselt).

Some explanations are simple and straight forward. It is possible that an economic activity takes
place without leaving a visual indication in the field. This could be the case for small, independent
businesses and activities of self-employed. Especially people with the double status of employee
and self-employed as a secondary occupation might be registered without a material witness of their
(limited) activity. This explains why we have a large number of mismatches in residential areas
(Figure 5). There is also the frequent situation that the registered office is not corresponding with
the place where the activity actually takes place. It is common practice that owners of a company
register their company at their home address while the activity takes place somewhere else. In the
latter—well known—case, the mapping of the database becomes a doubtful source for the real spread
of economic activities.

We illustrated a poor match between our field observations and the data from existing databases
(e.g., VKBO) but this (mis) match is different for the economic environments or milieus distinguished
before (see Table 4). When looking into the situation for the location environment “city centers” one
can conclude that the inventory identified more parcels in economic use, compared to the number
of economic parcels one could identify from the database (almost 103%). Consequently, there is a
greater convergence between the VKBO and the inventory in terms of parcels (76, 7%) and companies
(61, 4%), while the discrepancy between these parcels and companies indicates that the presence of
multiple companies on the same parcel is often not visible (In this respect it can be mentioned that the
discrepancy between the amount of companies (thus not parcels) in the VKBO and detected on the
field is larger in the bigger and more dense cities of Hasselt and Aalst. This indicates that additional
companies (e.g., in multistory buildings) are not visible). For “core shopping centers”, the convergence
is even stronger, both in terms of parcels (93%) and companies (71%). On the other hand (in both
environments), around 25% of the activities, seen in the field, could not be found on a corresponding
plot in the database. The Locatus database also shows a strong convergence, whereby 91% percent
of the economic parcels could be found on the field (based on numbers) (The Locatus database
encompass (only) retail activities, horeca activities, vacant s(retail) space and some (personal) services,
such as hairdressers, banks, etc. Some of these activities are in different categories in our database.
The numbers mentioned are based on a comparison of retail and horeca activities and vacant buildings
from our field database to the database of Locatus. As a consequence, the correspondence between
Locatus and the field inventory is slightly underestimated). Spatial productivity in city centers is
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therefore higher than can be detected from the database and one can state that a combination of both is
useful to quantify the space productivity in city centers. This is also in line with the situation in the
location environment “service area at the urban fringe/along the urban belt”.

Table 4. Field inventory and VKBO.

Location Environment/Milieu
% Companies

Detected
(Numbers)

% Parcels
Detected

(Numbers)

% Parcels in
the Inventory
and in VKBO

% Parcel
Detected but
Not in VKBO

City centers 61% 103% 77% 25%
Core shopping centers 71% 125% 93% 26%

Services along the city belt 61% 94% 68% 28%
Residential areas 21% 26% 17% 35%

Access roads (combined) 50% 78% 55% 29%
Village centers (combined) 56% 81% 58% 28%

Open areas 56% 82% 48% 42%
Economic estates (business parks) 67% 121% 77% 36%

Total 45% 66% 47% 29%

The situation is different in the location environment “residential areas”. Only 17% of the parcels
identified in the database could be detected during the inventory (and 21% in terms of the amount of
companies). However, it is surprising that we identified more companies (in numbers) on detected
parcels in the inventory than could be expected from the database (102%). The important mismatch is
indicating the existence of registered offices with a use of economic space elsewhere or even nowhere
(e.g., in the case of transportation) or a “hidden” activity. In any case, this makes the VKBO database
less suitable to calculate the space productivity without additional analysis (field research aiming at
detecting if an activity is taking place as well as investigating on the characteristics of these companies).

As for the location environment “access roads”, the convergence between the VKBO and inventory
in terms of parcels (55%) and companies (50.3%) is only slightly higher compared to the inventory as a
whole. At the same time, it should be stressed that the share of identified economic parcels during the
field observation and which were not found in the database, is relatively high (29%). Furthermore,
on parcels with economic activities registered in the database, a discrepancy in the amount of companies
could be noticed. The usefulness of the VKBO database for this milieu, is therefore rather limited or
at least not clear-cut. One could suppose that the situation might be less complex in “village centers”
where activities can be seen due to minor densities. However, the convergence between the VKBO and
field inventory is only slightly higher, both in terms of parcels (58%) and in terms of companies (56%).
Besides, it is striking that in the sub-type with spread services, the mismatch in terms of parcels with
economic activities without a corresponding firm in the database is much higher than in the sub-type
with a high concentration of retail and horeca (resp. 34% and 18%).

Regarding the “open area”, the convergence between the VKBO and inventory, both in terms of
parcels (47.9%) and in terms of companies (55%) is rather weak as well. If we just consider the number
of parcels which should indicate an economic activity (according to the VKBO), 82% were detected
in the field. In reverse a high number of parcels in economic use detected on the field could not be
identified in the database (41.8%). This is partly due to the difference between use parcels and cadastral
parcels meaning that entrepreneurs (e.g., farmers) develop several activities (at apparently different
parcels) that cannot be identified from the VKBO (XY coordinates based on address). Ultimately,
for the location environment “economic estates”, the detected parcels with an economic use represent
120% (in numbers) compared to the number of parcels in the VKBO. Nevertheless, only 47% of the
parcels in the VKBO are matched with an observed activity on the field. In reality, many of the larger
companies use several parcels, especially if they carry out more than 1 activity (e.g., production,
office and warehouse) (36% of parcels inventoried have no economic activity according to the VKBO).



Infrastructures 2018, 3, 27 15 of 18

In short, especially a high match between a plot in economic use being on the inventory and being
reflected in the VKBO data, makes the database an instrument to reflect economic space productivity.
We summarize this match in Table 4.

From Table 4, it is clear that the VKBO database, although very important and one of the main
sources for data on Flemish companies, is very variable according to the location environment at stake
and therefore one should be very careful using it for mapping the location patterns of the companies,
for detecting location environments as well as for calculating space productivity.

5. Discussion and Conclusions

Let us start with the contribution of the research outcome to the following policy objective: better
and more intensive design of the existing land use which contribute to lowering the pressure on
open space. At present in Flanders, an additional 6 hectares a day are taken for the development of
housing, economic activities and employment, facilities and infrastructure. The aim is to lower this
additional consumption of open space to 3 hectares in 2025 and to stop additional net land take by
2040. Since, in reality, 80% of Flemish firms are already located outside economic estates but rather in
interwoven conditions, the broad policy lines opt for a concentration of functions in urban areas and a
general interweaving of functions and activities steered by a coherent vision on space. This implies
that the policy makers need instruments that go beyond policy for economic development or space for
economy only. The new instruments should foster the growing tendency to channel new developments
towards transformed and revitalized brown fields.

For sure, the outcome of our research presents a multitude of location environments. One of
the dividing characteristics is the presence of a residential function. In some areas, the residential
function is very important or even dominant; in other environments, housing is relatively rare or
absent. The traditional (rigid) instruments cope with the monofunctional situations but prove not to
be sufficient in cases of intensive interweaving and fragmentation, the latter urging for more flexible
instruments. This goes in pair with the need for a more context related reflection since not only the
instruments are lacking to stimulate interweaving but also insights in the contexts where interweaving
can (not) be stimulated. Further one should consider that interweaving is not limited to a particular
scale. One can distinguish at least five levels from a multifunctional use on a regional level: cities and
their catchment area, specific location environments, parcels with several activities or a combination of
living and working and the individual firm (building).

The study reveals patterns linked to 2D parcel information. This research proves very clearly that
one of the main statistical resources, the VKBO database, is not always suitable to identify location
patterns/environments on their own. This does not mean that data from administrative databases
are useless, on the contrary. They enrich field inventories within a system of mutual linking, bringing
together different realities. It is important to have an insight in the specific logic of databases, knowing
that a discrepancy with the field is possible and even plausible in some economic milieus. One should
also take into mind that a field inventory system is not always possible on a large scale due to for
example time constraints. Therefore, their ability to detect different economic environments for policy
reasons or to enrich field data, is highly variable.

Including the third dimension could add additional insights, especially in urban environments
where the interweaving of activities may reflect interactions between activities at different floors,
or in different parts of the buildings. The field inventory did not allow observations inside buildings.
The potential of innovative approaches, such as crowd sourcing and participative mapping could
be further explored, to fill up this gap. In some particular situations (location environments) remote
sensing, crowd sourcing, and web data extraction might be appropriate levers to create additional
policy-supporting data.

As we mentioned in the introduction, the translation of our results into potential starting points
for spatial economic policy is beyond the scope of this paper. They do contribute to the complementary
understanding of use of space for economic activities and the tremendous complexities policy
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makers are confronted with, while creating awareness and a critical attitude towards traditional
(data) instruments. It certainly underlines the need to develop new or adapted instruments to
measure fragmentation and interweaving in relation to dominant versus mixed economic land use
and combinations of economic versus residential functions, in which field observation gains a more
prominent role.

Author Contributions: Conceptualization, W.G.; T.S.; D.V.; S.D.M.; K.V.; E.H.; Methodology, J.Z.; I.P.; S.D.M.;
K.V.; E.H.; T.S.; W.G.; D.V.; Formal Analysis, W.G.; T.S.; D.V.; Investigation, W.G.; Resources, J.Z.; I.P.; E.H.;
Data Curation, W.G.; J.Z.; T.S.; Writing-Original Draft Preparation, D.V.; T.S.; W.G.; Writing-Review and Editing,
T.S.; D.V.; W.G.; Visualization, W.G.; T.S.; Supervision, T.S.; D.V.; J.Z.; I.P.; Project Administration, T.S.

Funding: This research was part of the ‘Segmentation III’ project, commissioned and funded by the Flemish
Department of Environment and Flanders Innovation & Entrepreneurship.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. BIO by Deloitte, Institute for Environmental Studies, Amec, Vienna University of Economics and Business.
Study Supporting Potential Land Targets under the 2014 Land Communication; Report Prepared for the European
Commission, Directorate-General for Environment; Publications Office of the European Union: Luxembourg,
2014. [CrossRef]

2. European Commission. Roadmap to a Resource Efficient Europe; COM(2011) 571 Final; European Commission:
Brussels, Belgium, 2011.

3. Flemish Government. Vlaanderen in Cijfers 16; Studiedienst (Studies Office); Flemish Government: Brussels,
Belgium, 2016.

4. Sarzynski, A.; Galster, G.; Stack, L. Typologies of sprawl: investigating United States metropolitan land use
patterns. Urban Geogr. 2014, 35, 48–70. [CrossRef]

5. Poelmans, L.; Engelen, G. Verklarende Factoren in de Evolutie van Het Ruimtebeslag; Report Commissioned
by the Flemish Department Environment (Omgeving—Ruimte Vlaanderen); Ruimte Vlaanderen: Brussels,
Belgium, 2014.

6. Louw, E.; Van der Krabben, E.; Van Amsterdam, H. The Spatial Productivity of Industrial Land. Reg. Stud.
2011, 46, 137–147. [CrossRef]

7. Hubacek, K.; Van den Bergh, J.C.J.M. Changing concepts of ‘land’in economic theory: From single to
multi-disciplinary approaches. Ecol. Econ. 2005, 56, 5–27. [CrossRef]

8. Van der Krabben, E.; Pen, C.J.; De Feijter, F. De Markt Voor Bedrijventerreinen; Platform 31: The Hague,
The Netherlands, 2015.

9. Vlaamse Regering (Flemish Government). Witboek BRV. Samen aan de Slag om Vlaanderen te Transformeren—Een
Opstap naar een Volwaardig Omgevingsbeleid; VR 2016 3011 DOC.0852/2QUINQUIES; Departement Ruimte
Vlaanderen (Environment) (Vlaamse Regering- Flemish Government): Brussels, Belgium, 2016.

10. Bernett, J. Smart Growth in a Changing World, 2nd ed.; Routledge: Milting Park, UK; New York, NY, USA,
2017; ISBN 9781932364361 (pbk).

11. Nielsen, E.S. Sprawl and Smart Growth. In Smart Growth Entrepreneurs, 1st ed.; Nielsen, E.S., Ed.;
Palgrave Macmillan: Cham, Switzerland, 2017; pp. 35–56.

12. Dieleman, F.; Wegener, M. Compact City and Urban Sprawl. Built Environ. 2004, 30, 308–323. [CrossRef]
13. EEA. Urban Sprawl in Europe; Joint EEA-FOEN Report; European Environment Agency: Copenhagen,

Denmark; Swiss Federal Office for the Environment: Bern, Switzerland, 2016.
14. PBL: Netherlands Environmental Assessment Agency. De Compacte Stad Wordt Steeds Groter.

Available online: http://www.pbl.nl/nieuws/nieuwsberichten/2011/De-compacte-stad-wordt-steeds-groter
(accessed on 24 June 2018).

15. Loris, I.; Pisman, A. From migration to urban sprawl in Flanders (Belgium). In Proceedings of the 22nd
International Conference on Urban Planning and Regional Development in the Information Society, Vienna,
Austria, 12–14 September 2017; pp. 209–217.

16. De Decker, P. Understanding housing sprawl: the case of Flanders, Belgium. Environ. Plan. 2011, 43,
1634–1654. [CrossRef]

http://dx.doi.org/10.2779/53343
http://dx.doi.org/10.1080/02723638.2013.826468
http://dx.doi.org/10.1080/00343404.2010.530250
http://dx.doi.org/10.1016/j.ecolecon.2005.03.033
http://dx.doi.org/10.2148/benv.30.4.308.57151
http://www.pbl.nl/nieuws/nieuwsberichten/2011/De-compacte-stad-wordt-steeds-groter
http://dx.doi.org/10.1068/a43242


Infrastructures 2018, 3, 27 17 of 18

17. Bervoets, W.; van de Weijer, M.; Vanneste, D.; Vanderstraeten, L.; Ryckewaert, M.; Heynen, H. Towards
a sustainable transformation of the detached houses in peri-urban Flanders, Belgium. J. Urban. Int. Res.
Placemak. Urban Sustain. 2015, 8, 302–330. [CrossRef]

18. Vloebergh, G. Studie Segmentatie van Werklocaties: Aanbevelingen Instrumentarium Ruimte Vlaanderen;
Omgeving Urbanism commisioned by Ruimte Vlaanderen; Departement Omgeving (Environment
Departement Flanders): Brussels, Belgium, 2016.

19. Vreeker, R.; De Groot, H.L.F.; Verhoef, E.T. Urban Multifunctional Land Use: Theoretical and Empirical
Insights on Economies of Scale, Scope and Diversity. Built Environ. 2004, 30, 289–307. [CrossRef]

20. Dübner, S.; Esper, L.; Stroh, F. City of the Future Constance: “Future City”—Quality instead of Square
Meter. In Proceedings of the REAL CORP 2018 Expanding Cities—Diminishing Space, Wien, Austria,
4–6 April 2018; Schrenk, M., Popovisch, V.V., Zeile, P., Elisei, P., Beyer, C., Navratil, G., Eds.; CORP: Wien,
Austria, 2018; pp. 135–140.

21. Harbers, A.; Pols, L. Menging van wonen en werken. Ruimte en Maatschappij 2010, 2, 52–65.
22. Onstein, A.T.C.; Tavasszy, L.A.; Van Damme, D.A. Factors determining distribution structure decision in

logistics: A literature review and research agenda. Transp. Rev. 2018, 1–18. [CrossRef]
23. Rodenburg, C.A.; Nijkamp, P. Multifunctional Land Use in the City: A Typological Overview. Built Environ.

2004, 30, 274–288. [CrossRef]
24. Allaert, G.; Leinfelder, H.; Dieleman, S.; Pisman, A.; Verhoestraete, E.; Nulens, G.; Schepers, A.; Haentjes, G.;

Van Acker, B. Diversiteit in Vormen en Voorkomen van Verweving in Vlaanderen; Report Prepared for Departement
Ruimtelijke Ordening, Woonbeleid en Onroerend Erfgoed—Ruimtelijke Planning; Universiteit Gent,
Resource Analysis NV & Technum NV: Brussels/Ghent, Belgium, 2007.

25. Leinfelder, H.; Pisman, A. A methodological framework for a poltical approach of mixed land use, tested
in the urbanized region of Flanders, Belgium. In Proceedings of the 4th Joint ACSP-AESOP—Congress
Bridging the Divide: Celebrating the City, Chicago, IL, USA, 6–11 July 2008.

26. Sarzynski, A.; Levy, A. Spatial Efficiency and Regional Prosperity: A Literature Review and Policy Discussion;
Prepared as Background for GWIPP’s “Implementing Regionalism” Project, Funded by the Surdna
Foundation; George Washington Institute of Public Policy: Washington, DC, USA, 2010.

27. Vermeiren, K.; Poelmans, L.; Engelen, G.; Loris, I.; Pisman, A. What is Urban Sprawl in Flanders?
In Proceedings of the REAL CORP 2018 Expanding Cities—Diminishing Space, Wien, Austria, 4–6 April 2018;
Schrenk, M., Popovisch, V.V., Zeile, P., Elisei, P., Beyer, C., Navratil, G., Eds.; CORP: Wien, Austria, 2018;
pp. 537–545.

28. Galster, G.; Hanson, R.; Ratcliffe, M.R.; Wolman, H.; Coleman, S.; Freihage, J. Wrestling Sprawl to the Ground:
Defining and measuring an elusive concept. Hous. Policy Debate 2001, 12, 681–717. [CrossRef]

29. Triantakonstantis, D.; Stathakis, D. Examing urban sprawl in Europe using spatial metrics. Geocarto Int. 2015,
30, 1092–1112. [CrossRef]

30. Bhatta, B.; Saraswat, S.; Bandyopadhyay, D. Urban Sprawl measurement from remote sensing data.
Appl. Geogr. 2010, 30, 731–740. [CrossRef]

31. Herold, M.; Goldstein, N.C.; Clarke, K.C. The spatiotemporal form of urban growth: measurement, analysis
and modeling. Remote Sens. Environ. 2003, 86, 286–302. [CrossRef]

32. Barros, D.L.; Gianotti, M.A.; Larocca, A.P.C.; Quintanilha, J.A. Urban land use pattern identification using
variogram on image. Inst. Civ. Eng. Urban Des. Plan. 2016, 169, 56–65. [CrossRef]

33. Melchiorri, M.; Florczyk, A.J.; Freire, S.; Ehrlich, D.; Schiavina, M.; Pesaresi, M.; Kemper, T. Megacities
Spatiotemporal Dynamics Monitored with the Global Human Settlement Layer. In Proceedings of the
REAL CORP 2018 Expanding Cities—Diminishing Space, Wien, Austria, 4–6 April 2018; Schrenk, M.,
Popovisch, V.V., Zeile, P., Elisei, P., Beyer, C., Navratil, G., Eds.; CORP: Wien, Austria, 2018; pp. 285–294.

34. Van Dinteren, J.; Muskens, B.; Geudens, G.; Haskoning, D.H.V. Segmentatie van Werklocaties Vlaanderen;
Report Commissioned by Ruimte Vlaanderen; Departement Omgeving (Environment Department Flanders):
Brussels, Belgium, 2015.

35. Van Dinteren, J.; Muskens, B.; Geudens, G.; Zaman, J.; Pennincx, I. Segmentatie van werklocaties. Gezond
voor ruimte en economie. Ruimte 2015, 6, 44–49.

http://dx.doi.org/10.1080/17549175.2014.909368
http://dx.doi.org/10.2148/benv.30.4.289.57157
http://dx.doi.org/10.1080/01441647.2018.1459929
http://dx.doi.org/10.2148/benv.30.4.274.57152
http://dx.doi.org/10.1080/10511482.2001.9521426
http://dx.doi.org/10.1080/10106049.2015.1027289
http://dx.doi.org/10.1016/j.apgeog.2010.02.002
http://dx.doi.org/10.1016/S0034-4257(03)00075-0
http://dx.doi.org/10.1680/jurdp.15.00006


Infrastructures 2018, 3, 27 18 of 18

36. Pennincx, I.; De Mulder, S.; Zaman, J. Segmentatie van werklocaties toegepast op verschillende
uitgangssituaties. In Verruimen. Ruimte Maken Met Maatschappelijk Talent; Van der Lecq, R.,
Vanempten, E., Eds.; Stichting Planologische Discussiedagen: Tilburg, The Netherlands, 2016; p. 464.
ISBN 9789081921732 9081921738.

37. Giaratta, F.; Zaman, J. Can an economic activities inventory fill the knowledge gap about the economic sector
in a policy making process? In Proceedings of the REAL CORP 2017 Phanta Rei A World in Constant Motion,
Wien, Austria, 12–14 September 2017; Schrenk, M., Popovisch, V.V., Zeile, P., Elisei, P., Beyer, C., Eds.; CORP:
Wien, Austria, 2017; pp. 77–86.

38. Flemish Government—Verrijkte Kruispuntbank Ondernemingen. Available online: https://overheid.
vlaanderen.be/magda-bron/vkbo (accessed on 26 June 2018).

39. Locatus. Available online: https://locatus.com/en/ (accessed on 26 June 2018).

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://overheid.vlaanderen.be/magda-bron/vkbo
https://overheid.vlaanderen.be/magda-bron/vkbo
https://locatus.com/en/
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Efficient Land Use and Consumption, Spatial Productivity and Urban Sprawl: A Literature Review 
	Context and Methodology 
	Context 
	Approach and Methodology 

	Results 
	Inventory and Identification of Location Environments 
	The Combination of Field Observations with Different Data and Statistics: Gaps and Analysis 

	Discussion and Conclusions 
	References

