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The Urban Sprawl Metrics (USM) Toolset is a geographic information system (GIS) toolset and was developed 
using Python and C+ languages. This tool is freely available under the Creative Commons Licence1 and can 
be downloaded from the Institute for Software (IFS), Geometa Lab2 GitLab (www.gitlab.com/geometalab/ 
usm_toolset/usm_calculator) as well as from Spectrum, Concordia University's open access research 
repository (spectrum.library.concordia.ca) or can be accessed directly on the QGIS Repository 
(https://plugins.qgis.org/plugins/usm_calculator-main/). Two versions are currently available, one for QGIS 
and one for ArcGIS version 10.1 (ESRI, 2010) or higher. This User Manual is for the QGIS version.  

 
Fig. 1: Example of a landscape from Switzerland that includes built-up areas (close to Zurich). The USM Toolset can be used to 
measure the degree of urban sprawl of this landscape (photo: J. Jaeger, 2015).   

 
1 distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in 
any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way. Permission 
is granted subject to the terms of the License under which the work was published. Please check the License conditions for 
the work which you wish to reuse. 

2 Part of Eastern Switzerland University of Applied Sciences (OST) 
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1. Introduction    

The USM Toolset was developed to facilitate the calculation of Weighted Urban Proliferation (WUP) and all 
components of urban sprawl for landscapes that include built-up areas (e.g., dispersion (DIS), land uptake 
per person (LUP); Fig. 1). The Toolset is straightforward to use. The language of the user interface is English. 
The Toolset requires three input data:  

(1) the binary map of built-up areas (settlements areas and/or solitary buildings), in raster format;  
(2) the geometry of reporting unit(s) (e.g., municipalities, districts, or a grid of a certain cell size) in 
vector format; and  
(3) the number of inhabitants and jobs for the reporting unit(s) (this information must be saved by the 
user in the attribute table of the reporting unit(s) shapefile); and   
(4) the share of settleable area for the reporting units to calculate WUPb (optional). 

2. Important background information  

A variety of definitions have been proposed in the literature in the last hundred years (Fig. 2). However, no 
agreement about the main components has been achieved so far. Most importantly, the conceptual 
diversity is caused by some attempts to define urban sprawl using its causes and consequences and 
including them in the definition. However, it is advisable to differentiate the causes and consequences of 
urban sprawl from the main phenomenon (Schwick et al. 2012).    

 
Fig. 2: Timeline of most common definitions of urban sprawl.  

The metrics of Weighted Urban Proliferation (WUP) and Weighted Sprawl per Capita (WSPC) have three 
components: PBA, DIS and LUP (or UD) (Fig. 3).  

 

Fig. 3: The three components of urban sprawl PBA, DIS, and LUP (Schwick et al. 2012).  
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The relationships between the metrics of Weighted Urban Proliferation (WUP) and Weighted Sprawl per 
Capita (WSPC) and their three components: PBA, DIS and LUP (or UD) are illustrated in Fig. 4.  

 

                    

 

Fig. 4: The relationships between the WUP metric (WUPa and WUPb) and the WSPC metric and their components DIS, PBA, and LUP 
(EEA & FOEN 2016: 39). The DIS, PBA and UD (= 1/LUP) metrics are intensive metrics. Areporting unit = area of the reporting unit (the 
landscape studied); Abuilt-up = size of built-up area in the reporting unit; Ninh+jobs = number of inhabitants and jobs in the built-up 
area of the reporting unit. The shapes of the weighting functions are shown in the boxes as indicated.  

Users who already have sufficient knowledge of the definition of built-up areas and the metrics of urban 
sprawl can continue reading in section 3 (installation of the USM Toolset). However, if the users do not yet 
have adequate background knowledge, we highly recommend that they read this section carefully or the 
paper by Jaeger and Schwick (2014) or the first part (sections 2.1 and 2.2) of Chapter 2 "Measurement of 
urban sprawl, base data, and hypotheses about potential drivers" in the report "Urban sprawl in Europe" (EEA 
& FOEN 2016) for more detailed information (Fig. 5), e.g., about the meaning of the values of WUP and DIS.  

2.1 Definition of built-up areas 

Built-up areas “may include various types of settlement and buildings, ranging from places with urban 
character to villages to separate single buildings in the open landscape. Generally, a built-up area is defined 
as a surface covered by man-made structures. Roads and railways outside towns and cities are not included 
in this definition, since they are not perceived to be part of urban sprawl (but rather contribute to landscape 
fragmentation)" (EEA and FOEN, 2016, p. 47).  

For the purpose of comparisons between different regions (or for one region between different points in 
time), the definition of the built-up areas must be chosen in a precise and consistent way. For smaller regions, 
usually there are more detailed datasets on 'built-up areas' available (e.g., data on the elements of urban 

Measurement of urban sprawl, base data, and hypotheses about potential drivers

39Urban sprawl in Europe

unit). Values for landscapes of differing sizes can 
be directly compared because the PBA value does 
not depend on the size of the particular area of 
landscape (i.e. it is an intensive metric).

2. The DIS characterises the settlement pattern 
from a geometric perspective and is based on the 
distances between any two points within built-up 
areas (up to a maximum distance called the horizon 
of perception (HP���VHH�%R[b������7KH�IXUWKHU�DSDUW�
the two points, the higher their contribution to DIS. 
This metric is expressed as UPU/(m2 of built-up 
area). Higher DIS values indicate a higher dispersion 
�EHWZHHQ���DQG�����b838�P2). Dispersion is 
weighted by the w1(DIS) function in order to allow 
parts of the landscape in which built-up areas are 
more dispersed to be more clearly perceived (by 
using a w1(DIS��YDOXH�RI�!b����FRPSDFW�VHWWOHG�DUHDV�
DUH�PXOWLSOLHG�E\�D�ORZHU�ZHLJKWLQJ��L�H�b�b����LI�DIS 
HTXDOV�WKH������6ZLVV�DYHUDJH�RI�������b838�P2, 
the w1(DIS�b b����7KH�YDOXHV�RI�w1(DIS) are between 
0.5 and 1.5 (Jaeger and Schwick, 2014).

3. The LUP describes the use of a built-up area by 
people that work and/or live in that area. Built-up 

)LJXUHb���� 7KH�UHODWLRQVKLSV�EHWZHHQ�WKH�WUP metric and its components DIS, PBA and LUP

areas with many inhabitants and employees are 
considered to be better used and, accordingly, are 
less sprawled. Alternatively, the intensity of use of 
a built-up area can be described by the reciprocal 
of LUP, that is by considering the utilisation density 
(UD). Accordingly, the metric includes a weighting 
factor, w2(LUP), which is always less than 1. If 
the LUP�LV�KLJKHU�WKDQ����bP2/inhabitant or job, 
the w2(LUP��LV�FORVH�WR����ΖI�LW�LV�OHVV�WKDQ����bP2/
inhabitant or job (e.g. in city centre areas), the 
w2(LUP) is close to 0 because such areas are not 
considered to be sprawled. Accordingly, if the UD 
LV�OHVV�WKDQ��b���bLQKDELWDQWV�DQG�MREV�SHU�NP2, the 
weighting factor is close to 1, and if it is more than 
��b����LQKDELWDQWV�DQG�MREV�SHUbNP2, the weighting 
IDFWRU�LV�QHDUO\����$�YDOXH�RI��b����LQKDELWDQWV�DQG�
MREV�SHUbNP2�FRUUHVSRQGV�WR�WKH�OLPLW�RI����bP2 
of urban area per inhabitant (without taking jobs 
into consideration) suggested by the Swiss Federal 
Council in 2002 as a maximum acceptable average 
value (Swiss Federal Council (Schweizerischer 
Bundesrat), 2008, p. 27).

The product of PBA and DIS is called urban permeation 
(UP) because it describes the degree to which the 

Note:  The DIS, PBA and UD�� b��LUP) are intensive metrics. Areporting unit, area of the reporting unit (the landscape studied); Abuilt-up, size of built-up 
area in the reporting unit; NLQKb�bMREV, number of inhabitants and jobs in the built-up area of the reporting unit. The shapes of the weighting 
functions are shown in the boxes as indicated.

Weighted urban proliferation

WUP = UP ∙ w1(DIS) ∙ w2(LUP)

Percentage of built-up area

PBA = Abuilt-up/Areporting unit

Degree of urban permeation 

UP = PBA ∙ DIS

Degree of 
urban dispersion
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Weighted Sprawl per Capita 

WSPC = (Areporting unit / Ninh+jobs) ⋅ WUPa = LUP ⋅ DIS ⋅ w1(DIS) ⋅ w2(LUP) 

WUPb 

(Areporting unit / Asettleable) · (PBA · DIS) · w1(DIS) · w2(LUP) = (Areporting unit / Asettleable)· WUPa 

WUPa = UP · w1(DIS) · w2(LUP) 
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surface such as building footprints). However, for large areas, data on built-up areas do not usually include 
such details of the urban surface. It should be noted that for a meaningful comparison between different 
points in time, it is necessary to use the same delineation criteria of built-up area. Examples are given in 
Nazarnia et al. (2016). 
 

   
 (a)                                                                            (b)                                                   (c) 

 
Fig. 5: Chapter 2 of the report "Urban sprawl in Europe" (EEA and FOEN 2016) is highly recommended reading before using the 
USM Toolset (a). A book about the WUP method and results for Switzerland is available in English and French (Schwick et al. 2012) 
and German (Schwick et al. 2010) (b). A Practitioner's Introduction to the WUP method is available in German (Schwick et al. 
2011a) and French (Schwick et al. 2011b) as a PDF online at http://www.wsl.ch/info/fokus/zersiedelung/index_FR (c).  

2.2 Metrics of urban sprawl 

Weighted Urban Proliferation (WUP) has three components: PBA, DIS and LUP (or UD) (Fig. 2). In addition, the 
two metrics of TS and UP are defined here.   

The proportion of built-up areas (PBA) is the proportion of the size of built-up areas to the size of the 
landscape (reporting unit): PBA = Area of built-up area / Area of reporting unit. 

Degree of urban dispersion (DIS) measures the dispersion of built-up areas based on the distances between 
any two points within the built-up areas (Jaeger et al. 2010b). DIS is expressed in urban permeation units per 
square meter of built-up area (UPU/m2). The more dispersed the built-up areas, the larger the value of DIS. 
Therefore, more compact built-up areas have lower values of DIS than more dispersed built-up areas.  

w1(DIS) is a weighting function for DIS which assumes values between 0.5 and 1.5 to give higher weights to 
the more dispersed built-up areas and lower weights to less dispersed areas (Jaeger and Schwick 2014). 

Total Sprawl (TS) is defined as the average sum of the weighted distances between all points in the urban 
area and randomly chosen second points where each second point is not farther away from the first point 
than the horizon of perception (HP). The value of TS is the product of DIS and the total amount of built-up 
area (TS = DIS * Area of built-up area). To learn more about TS, see Jaeger et al. (2010b). 
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En Suisse, l’étalement urbain augmente à une vitesse effrayante. Il a plus 
que doublé depuis 1950 et ses conséquences à long terme sont alarmantes. 
Une nouvelle méthode pour le mesurer confère aux  planificateurs et aux 
politiciens un instrument susceptible de donner aux discussions une note 
plus objective, d’évaluer les scénarios de  planification, de définir les objec-
tifs pour l’avenir et de vérifier le succès des mesures qui visent à le réduire.

Consommation de paysage 
vertigineuse en Suisse

La croissance des surfaces bâties et des 
voies de communication, le remembre-
ment rural et l’agriculture intensive ont 
provoqué un changement radical des pay-
sages en Europe au cours des cinquante 
dernières années. À maints endroits, le 
paysage d’autrefois ne se reconnaît qua-
siment plus (EWALD et KLAUS 2009; Fig. 1).

En 1955, dans un mince opuscule rouge 
intitulé «achtung: die Schweiz» («atten-
tion: la Suisse»), Lucius Burckhard, Max 
Frisch et Markus Kutter mettaient déjà 
en garde contre la croissance incontrôlée 
du paysage urbain. Ils proposaient alors 
de respecter la limitation des surfaces 
comme défi à se donner et de bien consi-
dérer les conséquences à long terme. La 
loi sur l’aménagement du territoire (LAT) 
de 1979 prescrit une utilisation mesurée 
du sol en vue d’éviter le mitage. L’étale-
ment du milieu bâti doit donc être limité. 
En renforçant le rôle des zones à bâtir, la 
LAT a permis, au cours des trente dernières 
années, un recul marqué de la construc-
tion de nouveaux bâtiments en dehors 
de ces zones. Toutefois, depuis lors, la 
surface bâtie et à bâtir n’a pas cessé de 
croître de façon considérable en Suisse. 
Avec les conséquences suivantes: perte de 
terres agricoles, d’habitats pour la faune 
sauvage et de biodiversité, dissémination 
d’espèces de plantes invasives, grandes 
distances spatiales entre l’habitat, le tra-
vail et les  loisirs, de même que formation 
de cités-dortoirs. 

Un problème majeur est l’utilisation 
souvent faible des surfaces bâties (Fig.  2). 
Ce phénomène a des répercussions éco-
nomiques, écologiques et sociales néga-
tives, notamment à cause des coûts élevés 
de viabilisation et de services (voirie, eau, 
électricité, collecte de déchets), d’une plus 

Mesurer et éviter l’étalement urbain
Christian Schwick, Jochen Jaeger et Felix Kienast

Fig. 1. L’étalement urbain gagne également les vallées alpines. Vue depuis la Cima della Trosa 
en direction du Centovalli. (Photo: Die Geographen schwick+spichtig, 2011)
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Utilization Density (UD) measures the number of people living and working per km2 of built-up area. The more 
people and jobs are located in a built-up area, the higher the land utilization as measured by utilization 
density (UD).  This metric is expressed in inhabitants and jobs per square kilometer of built-up areas 
(inhabitants+jobs / km2). 

w2(UD) is a weighting function for UD which assumes values between 0 and 1 to give lower weights to more 
intensively utilized urban areas, i.e., those that have more inhabitants and jobs. The value of w2(UD) is close to 
1 when there are less than 40, and close to 0 when there are more than 100 inhabitants and jobs per hectare 
of built-up area (Jaeger and Schwick 2014). 

Land Uptake per person (LUP) is the area of land that is used per inhabitant or job within the built-up areas 
and expressed in square meters per inhabitant or job (m2/(inh. or job)) (LUP = Area of built-up areas/Number 
of inhabitants and jobs). High LUP values indicate that more space is used per inhabitant or workplace 
compared to areas where LUP values are lower. LUP is in fact the reciprocal of UD: LUP = 1/UD. 

Urban Permeation (UP) is a measure of the permeation of a landscape by built‑up areas. It accounts for the 
DIS and PBA and is expressed in urban permeation units per m2 of landscape (UPU/m2): UP = PBA · DIS. 

Weighted Urban Proliferation (WUP) is the main metric used to quantify urban sprawl. It is the product of the 
Urban Permeation (UP), the weighting of DIS (w1(DIS)) and the weighting of the UD (w2(UD)). WUP is 
expressed in urban permeation units per square meter of landscape (UPU/m2): WUP = UP · w1(DIS) · w2(LUP). 
More detailed information about these metrics of urban sprawl can be found in Jaeger and Schwick (2014), 
and in Jaeger et al. (2010b, p. 431, Fig. 4) regarding the cross-boundary connections (CBC) procedure. 

Weighted Urban Proliferation of the settleable part of the study area (WUPb): Urban sprawl can be measured 
with and without the inclusion of those areas that are not suitable for the construction of buildings (called the 
“unsettleable” or “irreclaimable areas”) of the study area. Examples of such types of areas considered as not 
feasible for the construction of buildings are glaciers and perpetual snow, watercourses, lakes and other 
water bodies, coastal lagoons, estuaries, inland marshes, and peat bogs. Areas in which the construction of 
buildings is not permitted, could also be excluded, e.g., protected areas in Switzerland. Excluding the areas 
not suitable for construction from the reporting units results in larger WUP values. WUPb can be calculated as 
      WUPb = (Areporting unit / Asettleable)· (PBA · DIS) · w1(DIS) · w2(LUP) = (Areporting unit / Asettleable)· WUP. 
WUPb is expressed in urban permeation units per square meter of landscape (UPU/m2). More detailed 
information can be found in Hennig et al. (2015: 492-494). 

Weighted Sprawl per Capita (WSPC) measures the contribution of each inhabitant or job to urban sprawl in 
the reporting unit and is expressed in urban permeation units per inhabitant or job (UPU / (inh. or job)): WSPC 
= (Area of reporting unit / Number of inhabitants and jobs)	⋅ WUP (Behnisch et al., 2022; Pourtaherian & 
Jaeger, 2022). 

While Shannon’s entropy has been widely used for measuring urban sprawl in earlier studies, Nazarnia et al. 
(2019) proved that it is not a suitable method for the assessment of urban sprawl since it does not comply 
with the 13 suitability criteria introduced by Jaeger et al. (2010b). The number of studies using the WUP 
method and the USM toolset for the measurement and analysis of urban sprawl has increased since. 
Pourtaherian and Jaeger (2022) used this method to analyze the degree to which greenbelts are effective at 
mitigating urban sprawl, and Behnisch et al. (2022) measured urban sprawl globally to reveal trends in urban 
sprawl since 1990.  
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Tab. 1: Metrics for the measurement of urban sprawl and their associated equations and units  

Acronym  Name of the metric  Equation  Unit  
Mathematical 
homogeneity  

WUP  
Weighted Urban 
Proliferation  

(PBA · DIS) · w1(DIS) · 
w2(LUP)  

UPU per m2 of 
landscape  

Intensive  

WUPb  

Weighted Urban 
Proliferation for the 
settleable part of the 
study area   

(Areporting unit /Asettleable) · 
(PBA · DIS) · w1(DIS) · 
w2(LUP) = (Areporting unit 
/Asettleable)· WUP 

UPU per m2 of 
landscape  

Intensive  

PBA  
Percentage of Built-
up Area  Abuilt-up/Areporting unit  %  Intensive  

DIS  Dispersion  _  UPU per m2 of built-
up area  Intensive  

LUP  

Land Uptake per 
Person  
(per inhabitant or 
job)  

Abuilt-up/Ninh+job  
m2 per inhabitant or 
job  

Intensive  

UD  Utilization Density  Ninh+job/Abuilt-up  
Inhabitants or jobs 
per km2 of built-up  
area  

Intensive  

UP  Urban Permeation  PBA · DIS  
UPU per m2 of 
landscape  

Intensive  

TS  Total Sprawl  DIS · Abuilt-up  MUPU  Extensive  

WTS  
Weighted Total 
Sprawl  

w1(DIS) · w2(LUP)· TS  MUPU  Extensive  

SPC  Sprawl per Capita  TS/Ninh+job  
UPU per  
inhabitant or job  

Intensive  

WSPC  
Weighted Sprawl per 
Capita  

w1(DIS) · w2(LUP) · SPC = 
(Areporting unit/Ninh+job)· WUP 
= WTS/Ninh+job 

UPU per  
inhabitant or job  

Intensive  
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2.3 Choice of the Horizon of Perception 

Calculation of the dispersion of built-up areas (DIS) and Weighted Urban proliferation (WUP) requires a 
defined scale of analysis, which is specified by the Horizon of Perception (HP). The user can choose the size 
of the HP between 0.2 and 10 km. However, the default value of HP in the USM Toolset is 2 km, and the 
weighting function for the computation of weighted Dispersion (w1(DIS)) operates properly only when 2 km is 
selected. The reason is that the weighting of DIS as a component of WUP was chosen for this scale of analysis 
of urban sprawl based on expert opinion (see Jaeger and Schwick 2014 for details). If users are interested in 
using a different value of HP they may need to consider modifying the weighting function equation 
accordingly in the sivalues.exe tool (see section 3.1). However, working on the logic of suitable weighting 
functions for HPs other than 2 km should be done in a cautious way and this remains future work. 

2.4 Job data full-time equivalents   

When it is possible to distinguish between part-time and full-time jobs, converting part-time jobs into full-time 
equivalents would lead to more accurate urban sprawl metrics results. This can be done using the average 
number of weekly hours worked for each type of employment in a given country. By calculating a 
conversion factor based on this data, part-time jobs can be converted into full-time equivalents, which can 
then be added to the number of full-time jobs to obtain the total number. In cases where part-time and full-
time jobs are not provided separately, it may still be possible to estimate them using the percentage of part-
time employment as a percentage of total employment, as seen in App. D in Pourtaherian and Jaeger 
(2022) (Fig. 6).   

 
Fig. 6: Job data preparation in the case that part-time and full-time jobs can be distinguished: An example of a data source (urb 
and employ are European databases European Commission, Eurostat open source datasets). 
 

2.5 City boundaries adjustment for comparison of cities of differing sizes (optional)  

Because WUP is an intensive metric, it can be applied to, and compared between, landscapes irrespective 
of their sizes. However, in some cases (e.g., Uppsala), the boundary of the city is located far from the built-up 
areas, whereas in other cases (e.g., Glasgow), the boundary runs closely along the built-up areas. Such 
differences convolute a fair comparison of the cities, because even when the population sizes and the 
amounts and spatial arrangements of the built-up areas of two cities are the same, the PBA of the two cities 
differs. In such a situation in which the sizes and patterns of built-up areas are similar in two cities, but their 
boundaries and area sizes differ, the value of WUP will be lower for the landscape of the city whose 
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boundary is located farther away as a result of its lower PBA. Therefore, the boundaries can be rescaled to 
make the cities comparable on an equal footing. In contrast, WSPC relates to the number of inhabitants and 
jobs rather than the landscape and is not affected by changes in the boundaries.  

For this purpose, Pourtaherian and Jaeger (2022) used the relationship between population size and the city 
size (log-transformed) by applying a linear regression to determine average city size as a function of 
population size, which they called “adjusted city size” (Fig. 7). In the cases in which the adjusted city size was 
greater than the original area, this step corresponds to adding some empty space with no built-up areas and 
no population in it. Hence, the only component adjusted is PBA, while DIS and LUP remain the same. The 
adjusted city size was larger than the size of the built-up areas in all 60 European cities they studied. 
Consequently, none of the cities for which the area shrank due to the adjustment lost any built-up areas, i.e., 
its boundaries were simply drawn somewhat closer around the built-up areas, and population stayed the 
same as well. The corresponding values of the metrics are referred to as adjusted PBA and adjusted WUP. This 
adjustment is an interesting option for the comparison of cities.  

 
Fig. 7: Illustration of city size adjustment. In case that the population size of the two cities is the same, their adjusted city size will be 
the same. 

 

3. Installation of the Urban Sprawl Metrics (USM) Toolset  

The Urban Sprawl Metrics Toolset works with QGIS. No license is required for the installation of this Toolset. 
Minimum requirements for the system (PC/laptop) on which the Toolset will be installed are:  
(1)  4 GB or more Random Access Memory (RAM),  
(2)  10 GB or more free space on the disc where the data files are stored,  
(3)  10 GB or more free space on the disc where working directories (see section 4 for explanation on 

working directories) will be stored. 

3.1 Urban Sprawl Metrics Toolset archive 

The USM Toolset is distributed as a “zip” archive called “usm_calculator-main.zip”. The toolset can be 
downloaded from https://gitlab.com/geometalab/usm_toolset/usm_calculator/-
/archive/main/usm_calculator-main.zip or Concordia Spectrum. 
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3.2 Step by step installation guide 

The installation of the USM Toolset can be done with the plugin manager. 

Step 1: Download the “usm_calculator-main.zip” archive from 
https://gitlab.com/geometalab/usm_toolset/usm_calculator/-/archive/main/usm_calculator-main.zip.  

Step 2: Open the QGIS window. 

Step 3: Click on the “Plugins” option in the Toolbar and from there open “Manage and install plugins...” (Fig. 
8). 

 

Fig. 8: Manage and install plugins in QGIS. 

Step 4: Use the option “Install from ZIP” and use the previously downloaded zip File (Fig. 9). 

 

Fig. 9: Plugins-Install plugin from ZIP. 
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Step 5: The set of processing algorithms should now appear in the processing toolbox (Fig. 10).  

 

Fig. 10: (a) Installed plugins, (b) Processing toolbox. 
 
For more information regarding the operating instructions, please refer to the README file on GitLab. 

4. How to use the Urban Sprawl Metrics Toolset  

In the following sections, a step-by-step guide to use the USM Toolset is described. Users should consider 
preparing their input data and working directories before using the USM Toolset. Users need to have two 
working folders: (1) a ‘Directory’ folder and (2) an ‘Output’ folder. In the directory folder users should store 
their input data. The two components of the directory folder should be (1) the binary map of built-up areas3, 
and (2) feature class or Shapefile of the reporting unit(s)/area of study. Users should keep the Output folder 
empty because the outputs of the calculations will be sorted in this folder automatically. The default HP of 
the USM Toolset is 2 km and the calculation of metrics of urban sprawl is based on weighting functions that 
are appropriate for a horizon of perception of 2 km. 

4.1. Calculate Weighted Urban Proliferation tool 

The purpose of this tool is to calculate the suite of metrics of urban sprawl (e.g., DIS, UP, UD, WUP). The input 
data for the Metrics calculation tool are: 

(1) the binary map of built-up areas in raster format (0 values for non-built-up areas and 1 value for built-up 
areas), and 

(2) the feature class or the shapefile of the reporting unit(s) which includes two fields in its attribute table: 
reporting unit(s) identifier and number of inhabitants and jobs.  

The output of the tool is a feature class within a GeoPackage (similar to the shapefile of the reporting unit(s)) 
that includes all the values of the urban sprawl metrics in its attribute table (see examples in section 5). The 
file of the reporting unit and the SI-raster will be stored in the output directory as well. 

 
3 If the data about built-up areas is in vector format, in order to convert the data to raster binary format, users should first convert 
the feature class or Shapefile to a raster. The second step is to reclassify the output raster file to a binary file. 
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4.1.1 How to use the Calculate Weighted Urban Proliferation tool 

1.  From Processing Toolbox, select USM Toolset and click on the first tool (Calculate Weighted Urban 
Proliferation) (Fig. 11).  

2.  From the ‘Built-up area (Raster)’ bar skip to the directory folder, select the binary map of built-up areas, 
and click on the ‘Open’ button.  

3.  From the ‘Reporting unit (Vector)’ bar, skip to the directory folder, select the shapefile of reporting unit, 
and click on the ‘Open’ button. 

4.  From the ‘Identifier’ drop down menu, select the field in which the ids of the reporting unit(s) is/are stored 
(identifier can be numeric or string). 

5.  From the ‘Inhabitants’ drop-down menu, select the field in which the number(s) of inhabitants is/are 
stored for the reporting unit(s). 

6.  Similarly, from the ‘Employees’ drop-down menu, select the field in which the number(s) of employees 
is/are stored for the reporting unit(s) if the data is available. 

     Note: When the data of inhabitants and jobs are combined in a single field (as in the examples in section 
5), user should include this field in the ‘Inhabitants’ bar. 

7.  If applicable, choose the settleable portion of the study area from the 'Share of settleable area' option. 
8.  To tailor to specific requirements, choose either the 'Directory' or 'Temporary Directory' option from the 

'Output folder' bar. 
 

    
Fig. 11: Calculate Weighted Urban Proliferation tool. 
 
4.2 Recalculation (Explore Weighted urban Proliferation) tool 

The Explore Weighted Urban Proliferation Tool allows users to recalculate WUP in different scenarios. After 
initially calculating WUP using the first tool, users can swiftly modify attribute table values and recalculate 
WUP. This allows for rapid generation of new datasets, as DIS is read directly from the attribute table without 
requiring recalculation (within 2 km). 
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4.2.1 How to use the Recalculation (Explore Weighted Urban Proliferation) tool 

“Explore WUP” allows users to recalculate, and to some degree “explore”, WUP in a fast way for situations in 
which DIS is not changing, i.e., the built-up area is not changed. It can be applied to explore the effects of 
densification or reductions in density: What happens if the number of inhabitants and jobs increases or 
decreases in an area, in which the built-up area is not changing. (If the built-up area changes, DIS will need 
to be recalculated, which will take more time.)     
1.  Modify the attribute table of the output obtained from the initial tool. 
2.  Access the Processing Toolbox and choose the USM Toolset. Locate and select the second tool (Explore 

Weighted Urban Proliferation) (Fig. 12). 
3.  In the ‘Inputlayer (Vector or Table)’ section, navigate to the folder where you have saved the modified 

shapefile or table. Select the file and click the 'Open' button. 
4.  In the ‘Urban dispersion (DIS)’ section, retrieve the dispersion value. 
5.  In the 'Settlement area' drop-down menu, choose the 'settlement_area' field that contains the recorded 

area of built-up areas. 
6.  Recalculate WUP by following steps 5 to 8 from the previous section.  
 

   

Fig. 12: Explore Weighted Urban Proliferation Tool 

 

5. Examples of using the USM Toolset 

In this section, you find six simple model and seven real landscapes and the results of applying the USM 
Toolset to these landscapes. The files of all examples are available with this tool (on Concordia University’s 
Spectrum website) for users to practice. For each example, users should create two folders: (1) a directory 
folder (e.g., Directory_ex1) and (2) an Output folder (e.g., Output_ex1). Copy and paste the relevant raster 
file and shapefile of each example (e.g., example 1) into the directory folder. Then follow the steps 
described in section 4.  
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5.1 Six simple hypothetical model landscapes 

Example 1: Area of built-up areas = 785,000 m2 (circle with a radius of 500 m), Area of the reporting unit = 3.14 
km2, Number of inhabitants and jobs = 2,600 people and jobs. 

 

 

 

 

 

 

 

The value of Weighted Urban Proliferation for a landscape of size 3.14 km2 and with 785,000 m2 of built-up 
areas and 2,600 inhabitants and jobs is 3.2 UPU/m2. The value of WSPC is 3869.4 UPU/(inhb. or job). Increasing 
the number of inhabitants and jobs for the same theoretic landscape will decrease the WUP value. See the 
next example for details. 

Example 2: Area of the built-up areas = 785,000 m2 (circle with a radius of 500 m), Area of the reporting unit = 
3.14 km2, Number of inhabitants and jobs = 12,000 people and jobs. 
 

 

 

 

 

 

 

The only difference between the theoretic landscape shown in this example and example 1 is the number of 
inhabitants and jobs (12,000 versus 2,600 people and jobs). In this example, the higher number of inhabitants 
and jobs resulted in a higher value of Utilization Density, and therefore, in a lower value of WUP (0.02 UPU/m2). 
The value of WSPC is 5.12 UPU/(inhb. or job). 
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Example 3: Area of built-up areas = 785,000 m2 (circle with a radius of 500 m), Area of the reporting unit = 3.14 
km2, Number of inhabitants and jobs = 0 people and jobs.  

 

 

 

 

 

 

In this example, the number if inhabitants and jobs is zero and therefore the value of UD is zero indicating 
that the built-up area is not utilized at all. The value of -1 for LUP indicates an undefined value, because LUP is 
the result of a division of the area of built-up areas by the number of inhabitants, which is infinity when there 
are no inhabitants and no jobs. The value of WSPC also is infinity. 

Example 4: Area of built-up areas = 225 m2 (1 pixel size of 15 m x 15 m), Area of reporting unit = 3.14 km2, 
Number of inhabitants and jobs = 2 people and jobs. 

 
 

 

 

 

 

 

 

 

 

 

The smallest possible built-up area at any given resolution is one pixel. This will result in very low values of DIS 
and WUP. The example shown here is for a pixel size of 15 m x 15 m. The value of WSPC is 35.92 UPU/(inhb. or 
job). 
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Example 5: Area of built-up areas = 900 m2 (1 pixel size of 30 m x 30 m), Area of reporting unit = 3.14 km2, 
Number of inhabitants and jobs = 5 people and jobs.  

 

 

 

 

 

 

 

 

 

Increasing the size of the built-up area results in a higher value of UP and DIS and accordingly, in a higher 
value of sprawl (0.00044 UPU/m2 in this example compared to 0.00002 UPU/m2 in example 4). The value of 
WSPC is 275.68 UPU/(inhb. or job). 

Example 6: Area of built-up areas = 2,500 m2 (1 pixel size of 50 m x 50 m), Area of reporting unit = 3.14 km2, 
Number of inhabitants and jobs = 14 people and jobs.  

 

 

 

 

 

 

 

 

 

 

Similar to example 5, this example shows that a higher amount of built-up areas results in higher degree of 
urban sprawl. In this example, the number of inhabitants and jobs was selected proportional to the size of the 
built-up area to be comparable to example 5 (LUP values in the two examples are very close). The value of 
WSPC is 364.46 UPU/(inhb. or job). 
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5.2 One example of an urban landscape from Canada  

Example 7: Area of built-up areas = 27,506,925 m2 (in 2011), Area of reporting unit = 74 km2 (borough of 
Beauport in Quebec City, Quebec, Canada, 2011), Number of inhabitants and jobs = 91,569 people and 
jobs; pixel size is 15 m x 15 m (see detailed information in Nazarnia et al. 2016). 

 

 
 

Beauport is a northeastern suburb of Quebec City and is one of the oldest European-founded communities in 
Canada. Between highly sprawled boroughs of Quebec City, the borough of Beauport is the third-least 
sprawled area with WUP value of 20.48 UPU/m2 and WSPC value of 16,608.5 UPU/(inhb. or job). 
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5.3 Six European cities with and without greenbelts  

 
The examples presented below are taken from the research conducted by Pourtaherian and Jaeger (2022). 
These examples show the impact of greenbelts on urban sprawl, as measured by the USM toolset. The study 
evaluates 60 European cities with and without greenbelts to understand the extent of urban sprawl and the 
effectiveness of greenbelts at mitigating it. For more detailed information on the study and its findings, 
readers are encouraged to refer to Pourtaherian and Jaeger's research paper and appendices. 

Please note the following important points regarding the examples in this section: 

1.  The tool currently does not support ArcGIS native raster formats like OVR. However, you can use all raster 
formats with the appropriate coordinate system and export them as GeoTIFF to perform calculations 
seamlessly. 

2.  In some cases, the USM toolset may fail to execute due to inconsistencies in the geometry of reporting unit 
shapefiles, such as overlapping lines. To resolve this, you can utilize the "fix geometry" tool in QGIS. 

3.  The examples provided in this section have already been modified and are compatible with the toolset. 
However, if you are using the examples that accompany the USM toolset for ArcMap (Nazarnia et al. 
2023), please be aware that those raster files are in OVR format, and the reporting units are the original 
shapefiles downloaded from Eurostat without any geometry modifications. When using those examples, 
you would first need to make the required corrections yourself.  

 

Example 8, Coventry: Area of built-up areas = 48 km2 (in 2015), Area of reporting unit = 99 km2 (City of 
Coventry), Number of inhabitants and jobs = 475,614 people and jobs; pixel size is 20 m x 20 m. 

 

The greenbelt of Coventry is part of the West Midlands greenbelt and has been in place since 1982. In 2001, 
three small areas were detached from the greenbelt to accommodate population growth, but the overall 
extent of the greenbelt has remained untouched since then and accommodating housing needs while 
keeping the greenbelt area intact has been effective in controlling urban sprawl. 

WUP = 4.17 UPU/m2; WSPC = 865.08 UPU/(inhb. or job) 
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Example 9, Vienna: Area of built-up areas = 170 km2 (in 2015), Area of reporting unit = 413 km2 (City of 
Vienna), Number of inhabitants and jobs = 2,590,493 people and jobs; pixel size is 20 m x 20 m. 
 

 
 

 
 
In 1995, the Vienna Greenbelt Masterplan was officially adopted, marking a pivotal moment in the city's 
efforts to expand green space. The city took decisive steps towards achieving this goal, and today, over 50% 
of the city's area is covered by greenery. As a result of this initiative, Vienna has a very low WUP value, 
making it a model of sustainable urban development. 

WUP = 0.15 UPU/m2; WSPC = 23.44 UPU/(inhb. or job) 
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Example 10, Munster: Area of built-up areas = 58 km2 (in 2015), Area of reporting unit = 304 km2 (City of 
Munster), Number of inhabitants and jobs = 430,844 people and jobs; pixel size is 20 m x 20 m. 

 
                                                                                                        Fig. 13: Map of the “Green Policy Munster” (“Grünordnung Münster”). 
                                                                                                         Source: Stadt Münster, n.d.; translated from German by Pourtaherian 
                                                                                                         and Jaeger (2022). 
 

 
 
Munster has a Green Policy consisting of three green rings and seven green corridors that act as a 
greenbelt for the city (Fig. 13). The Green Policy protects open spaces, leading to more compact forms 
of urban development and limiting urban sprawl. 

WUP = 4.43 UPU/m2; WSPC = 3,120.52 UPU/(inhb. or job) 
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Example 11, Lyon: Area of built-up areas = 134 km2 (in 2015), Area of reporting unit = 220 km2 (City of Lyon), 
Number of inhabitants and jobs = 1,546,701 people and jobs; pixel size is 20 m x 20 m. Lyon does not have a 
greenbelt. 

 
 

 
 
WUP = 1.99 UPU/m2; WSPC = 282.51 UPU/(inhb. or job) 
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Example 12, Hamburg: Area of built-up areas = 283 km2 (in 2015), Area of reporting unit = 747 km2 (City of 
Hamburg), Number of inhabitants and jobs = 2,561,708 people and jobs; pixel size is 20 m x 20 m. Hamburg 
does not have a greenbelt. 

 

 
 

 
 

WUP = 4.82 UPU/m2; WSPC = 1,404.82 UPU/(inhb. or job) 
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Example 13, Lund: Area of built-up areas = 21 km2 (in 2015), Area of reporting unit = 443 km2 (City of Lund), 
Number of inhabitants and jobs = 159,882 people and jobs; pixel size is 20 m x 20 m. Lund does not have a 
greenbelt. 

 
WUP = 0.88 UPU/m2; WSPC = 2,448.3 UPU/(inhb. or job)  

Comparing a sample of 30 cities with greenbelt with 30 cities without greenbelt, Pourtaherian and Jaeger 
(2022) revealed that greenbelts were highly effective in mitigating urban sprawl. The proportion of cities in 
which sprawl decreased was significantly higher in the group of cities with greenbelts, with 90% of these cities 
experiencing a decrease, more than twice the proportion of cities without greenbelts. While some cities 
without greenbelts also saw a decrease in urban sprawl, the average relative decrease was much stronger 
in cities with greenbelts. 

It is worth noting that the examples included in this User Manual do not capture the aforementioned 
difference between cities with and without greenbelts, since (a) a single point in time is presented here, and 
(b) only a few examples are provided that are not representative of cities with and without greenbelts more 
broadly.  

We wish you good success with your own urban sprawl analysis!  
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