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1. Infroduction

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 the ESRI raster
format;

(2) the map of reporting unit(s) (e.g., municipalities, districts, or a grid of a certain cell size) in
geodatabase feature class or shapefile format; and

(3) the number of inhabitants and jobs for the reporting unit(s) (this information has to be saved by the
user in the attribute table of the reporting unit(s) shapefile).

2. Important background information

The metric of Weighted Urban Proliferation (WUP) has three components: PBA, DIS and LUP (or UD) (Fig. 2).
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Fig. 2: The relationships between the WUP metric and its 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); Avuitup = size of
built-up area in the reporting unit; Ninn+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. 3), 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 settflement 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
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).
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Fig. 3: Chapter 2 of the report "Urban sprawl in Europe" (EEA and FOEN 20146) 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 Infroduction 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/m?2). 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).

Utilization Density (UD) measures the number of people living and working per km?2 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 / km?2).

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 (m?2/(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/m?2): 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 (w:(DIS)) and the weighting of the UD (w2(UD)). WUP is
expressed in urban permeation units per square meter of landscape (UPU/m?2): 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.

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.

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

The Urban Sprawl Metrics Toolset works with ArcGIS version 10.1 (ESRI, 2010) or higher. Only an Arcinfo license
of the ArcGIS software is required for the installation of this Toolset (no additional ArcGIS extensions are
needed). 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 ArcGIS temporary directory and ArcGIS “Default.gdb”
geodatabase 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_Toolset.zip"”. The toolset can be installed from
http://www.wsl.ch/info/fokus/zersiedelung/index_DE.
The USM Toolset archive contains five files:

(1) “USM_toolset.tbx” which is the tool that installs in ArcGlIS,
(2) *1_Si_value.py” which is the Python script for the computation of Si values (see section 4.1 for explanation

of Si values),

(3) "2_metrics.py” which is the Python script for computation of the urban sprawl metrics (e.g., DIS, UP, WUP)
(see section 2.2 for information about urban sprawl metrics),

(4) “3_cleaning.py” which is the Python script for performing directory clean-ups, and finally

(5) “sivalues.exe” which is a tool that is being used along with 1_Si_valye.py script for the computation of Si
values.

3.2 Step by step installation guide
Step 1: Download the "USM_toolset.zip" archive from http://www.wsl.ch/info/fokus/zersiedelung/index_DE.

Step 2: Extract (unzip) the “"USM_Toolset.zip" archive” into a folder where the tools will be installed. (Note that
you need 10 GB or more free space on the disc where you locate this folder.)

Step 3: Open the ArcMap window (you need to have the updated license of this component of
ArcGlIS suite).

Step 4: Open the ArcToolbox window (Fig. 4).
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Fig. 4: ArcToolbox in Arcmap.



Step5: Right-click (use right button of the mouse) on the ArcToolbox icon and select *Add Toolbox” from the

popup menu (Fig. 5).
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Fig. 5: ArcToolbox-Add toolbox.

Step é: From the newly opened window, skip to the folder where the

“"USM_Toolset.zip” was stored and

unzipped. Select USM_toolbox.tbx file and click *Open” (Fig. 6).
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After completing step 6, a new toolset called “USM Toolset” is added to the ArcToolbox window. This toolset
contains three tools: *1-Si values calculation”, “2-Metrics calculation” and “3-Cleaning” (Fig. 7).
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Fig. 7: USM Toolset added to the ArcToolbox.

Step 7: Right-click (use right button of the mouse) on the *1-Si values calculation” icon and select properties
from the popup menu.

Step 8: From the newly opened window, go to the “Source” tab and then from the “Script File” bar skip to the
folder where the USM_Toolset archive is stored and select “1_Si_value.py” and click on the '‘OK’ button (Fig.
8). Keep all the default properties as is and do not make any changes.
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Fig. 8: 1-Si values calculation properties window.



Step 9: Repeat steps 7 and 8 for the next tool (2-Metrics calculation). Right-click (use right button of the
mouse) on the “2-Matrics calculation” icon and select properties from the popup menu. From the newly
opened window go to the “Source” tab and then from the "Script File” bar skip to the folder where the
USM_Toolset archive is stored, select “2_metrics.py”, and click on the ‘OK’ button.

Step 10: Repeat steps 7 and 8 for the third tool (3-Cleaning). Right-click (use right button of the mouse) on the
“3-Cleaning” icon and select properties from the popup menu. From the newly opened window go to the
“Source” tab and then from the “Script File" bar skip to the folder where the USM_Toolset archive is stored,
select “3_cleaning.py”, and click on ‘the OK’ button.

In order to avoid the need for repeating the implementation of above-mentioned steps, the user should save
the ArcMap project after completing the final step (step 10). The USM Toolset will be automatically available
whenever the saved ArcMap project is being used.

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 along with the sivalues.exe Tool. The three components of the
directory folder should be (1) the binary map of built-up areas2, (2) geodatabase feature class or Shapefile
of the reporting unit(s)/area of study, and (3) sivalues.exe file. Users should keep the Output folder empty
because the outputs of the calculations will be sorted in this folder automatically.

4.1 Si values calculation tool

The purpose of this tool is to calculate the Si values for each pixel of urban area. The metrics of urban sprawl
characterize sprawl in a geometric perspective, and their calculation is based on all distances between any
two points within the urban area. The so-called Si values are in fact the mean of the weighted distances
between any pixel of urban area and all other urban pixels within the horizon of perception.

The input of the tool is the binary map of built-up areas (settflements areas and/or solitary buildings) in ESRI
raster format. The binary raster has two values (0 values for non-built-up areas and 1 value for built-up areas).
At this stage, the user should choose a value for the horizon of perception. 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. So it is highly recommended that users keep the default value (HP = 2000
m).

4.1.1 How to use the Si values calculation tool

1. Open the saved ArcMap project in which the USM Toolset has been installed. From Arctoolbox, select
USM toolset and click on the first tool (1-Si values calculation) (Fig. 9).

2. From the ‘Path to the sivalues.exe Tool' bar, skip to the ‘Directory’ folder and click on the ‘Add’ button.

3. From the ‘Input Raster of the Built-up Areas’ bar, skip to the directory folder, select the binary map of built-
up areas and click on the ‘Add’ button.

4. In the 'Horizon of Perception’ bar, keep the default value of 2000 m.

5. Finally from the ‘Output Directory’ bar, skip to the '‘Output’ directory/folder in which you want the output
files be stored, select the folder, and click on the ‘Add’ button.

2|f 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. Users can use the tool 'Polygon to Raster' in ArcGlIS version 10.3.1 to create the raster
data. The second step is to reclassify the output raster file to a binary file. For this purpose, users can use the tool 'Reclassify' in
ArcGlIS version 10.3.1 and change the old values of the raster file to 1 for all built-up area pixels and to 0 for No Data values.
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Fig. 9: Si values calculation tool.

When all the empty bars are filled correctly, click on the '‘OK' button. Si values calculation tool calls the
sivalues.exe tool and computes the Si value for each pixel of built-up area. During this process, a summary
report file (step1_working_report.txt) will be created and stored in the Output folder. The output of this
process will be stored in the ‘work_Sl.gdb’ geodatabase located in the Output folder. This geodatabase will
be called by the next tool (Meftrics tool) for computation of Dispersion and other metrics of urban sprawl.

4.2 Metrics calculation 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 (the same raster file that was used in the Si values
calculation tool),

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

(3) the output of the first tool (work_Sl.gdb) for computation of Dispersion and the other metrics of sprawl (the
tool calls this file automatically as long as it is stored properly in the correct directory).

The output of the tool is a shapefile (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).

4.2.1 How to use Metrics Calculation tool

1. Open the saved ArcMap project in which the USM Toolset has been installed. From Arctoolbox select USM
Toolset and click on the second tool (2-Metrics calculation) (Fig. 10).

2. From the ‘Input Raster’ bar skip to the directory folder, select the binary map of built-up areas, and click
on the '‘Add’ button.

3. From the ‘Reporting Unit(s) Layer Field’ bar, skip to the directory folder, select the shapefile of reporting
unit, and click on the ‘Add’ button.



4. From the ‘Reporting Unit(s) Identifier Field’ drop down menu, select the field in which the ids of the
reporting unit(s) is/are stored.

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

6. From the '‘Output Directory’ bar, skip to the ‘Output’ folder (in which the results will be stored, select the
Output folder, and click on the ‘Add’ Button.

7. Finally, from the ‘Output File’ bar skip to the Output folder, type the name of the result file in the ‘Name’
bar (e.g., Results, FinalOutput), select ‘Shapefile’ in the ‘Save as type’ bar, and click on the ‘Save’ button.
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Fig. 10: Meftrics calculation tool.

When all the empty bars are filled correctly, click on the '‘OK' button. The metrics calculation tool uses the
input that you have entered to the tool and also the output of the Si values calculation tool and computes
the metrics of urban sprawl for the reporting unit(s). During this process, a summary report file
(step2_working_report.txt) will be created and stored in the Output folder.

4.3 Cleaning tool

The purpose of this tool is to remove all the unnecessary files that have been produced by the Si values and
Metrics calculation tools.? The only input of the tool is the working directory (i.e., Output folder). The users can
decide if they want to delete the ‘work_Sl.gdb’ or not. The default option of the toolis ‘No’, i.e., not to delete
the geodatabase. If the ‘work_Sl.gdb’ has been removed, the calculation of Si values should be repeated
for future computations using different reporting unit(s)).

4.3.1 How to use the Cleaning tool

1. Open the saved ArcMap project in which the USM Toolset has been installed. From Arctoolbox, select
USM Toolset and click on the third tool (3-Cleaning) (Fig. 11).

2. From the ‘Working directory’ bar, skip to the Output folder (or the folder that you want it to be cleaned-
up), select the folder and click on the ‘Add’ button.

3. Keep the default option of ‘No’ in ‘Delete Si value geodatabase?’ bar if you want to keep the Si values
geodatabase, or select ‘Yes' if you want to delete this geodatabase along with other files.

3This step is optional and its implementation does not make any difference in the final results.
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Output: A cleaned-up Output folder.

Delete Si value geodatabase?
No v

The software requirements are:

- ArcGIS version 10.1 or higher

- Arclnfo license of the ArcGIS software is required (no
additional ArcGIS extensions are needed)

- Sivalues.exe calculation tool (see USM toolset User
Manual)

[ OK ] [ Cancel ] [Environments...] [ << Hide Help ] [ Tool Help

Fig. 11: Cleaning tool.

When the two empty bars are filled correctly click on the ‘OK’ button. While using this tool, similar to the other
two tools of the USM Toolset, a report file (step3_working_report.ixt) will be created and stored in the Output
folder. The files that exist in the Output folder after running the Cleaning tool (and when keeping the default
value for 'Delete Si value geodatabase?’) include 'work_Si.gdb’, 'step1_working_report.ixt',
'step2_working_report.ixt', 'step3_working_report.txt' and the final results shapefile. To see the final results, the
user should open the shapefile in an ArcMap window, right-click on the shapefile in the Table Of Contents'
panel, and click on the 'Open Attribute Table' tab. A table will open in ArcMap that includes all the metrics
of urban sprawl for the landscape studied.

5. Examples of using the USM Toolset

In this section, you find some theoretic and some real examples of different landscapes and the results of
applying the USM Toolset to these landscapes. The files of examples 1-6 and example 9 are available with this
tool (on the same 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) along with the 'sivalues.exe' tool into the
directory folder. Then follow the steps described in section 4. Note that when using the second tool (Metrics
Calculation Tool), from the 'Reporting Unit(s) Identifier Field" drop down menu, select the 'RU_id' (in the field in
which the id of the reporting unit is stored) and from the 'Number of Inhabitants and Jobs Field', drop down
menu, select 'inhbjob’ (the field in which the number of inhabitants and jobs is stored). Contfinue with step 3
and you will get the final results that are presented in this user manual.

Example 1: Area of built-up areas = 785,000 m? (circle with a radius of 500 m), Area of the reporting unit = 3.14
km?2, Number of inhabitants and jobs = 2600 people and jobs.

Table 0o x
ERL AL
Final_Result X
FID | Shape* | Id | inhbjob | RU_id | urban_area | unitarea | PBA | Dis |winis| Ts [ wp | wp | waup | Lup | wup |
0[Polygon [ 0] 2600 | 1] 785700 | 3141176.98082 [ 0.25013 [ 28.13074 [ 0.50926 | 22102322.4 [ 7.03632 [ 3309.2[0.89379 | 302.2 [3.20275 |
[T [ [%E (0 out of 1 Selected)
Final_Result
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The value of Weighted Urban Proliferation for a landscape of size 3.14 km?2 and with 785,000 m2 of built-up
areas and 2,600 inhabitants and jobs is 3.2 UPU/m?2. 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 = 12000 people and jobs.

Table o x
ERE- AL L5 ]

Final_Result X
| FiD | shape* | id | inhbjob | RU_id | urban area | unitarea | PBA | Dis |[winis| Ts | wp | up | waup [ Lup| wup |
»[_ofPolygon [ 0] 12000] 1] 785700 | 3141176.98082 | 0.25013 | 28.13074 | 0.50926 | 22102322.4 | 7.03632 [ 1527 | 0.00546 | 65.5 [0.01956 |

o« 1 M E (0 out of 1 Selected)

Final_Result

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/m?2).

Example 3: Area of built-up areas = 785,000 m2 (circle with a radius of 500 m), Area of the reporting unit = 3.14
km?2, Number of inhabitants and jobs = 0 people and jobs.

Table O x
ERAE- AL
Final_Result X
FID | Shape* | Id | inhbjob | RU_id | urban_area | wunitarea | PBA [ DiIs [winis| Ts | wp | up| waup | Lup| wup |
0[Polygon [ 0 0] 1] 785700 [ 3141176.98082 [ 0.25013 [ 28.13074 [ 0.50926 | 22102322.4 [7.03632 | 0098462 | -1[3.52822|

"od 0 » » [E|S | 0outoflSelected)

Final_Result

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.

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

Table 0 x
q9-1%- R
Final_Result X
FID | Shape* | Id | inhbjob | RU_id | urban_area | unitarea | PBA | Dis [wimis| Ts| wp | up | waup | Lup | wup |
0[Polygon | 0] 2| 1] 225 | 3141176.98082 [ 0.00007 | 2.96105 | 0.50001 | 666. | 0.00021 8888.9[0.21568 |  112.50.00002 |

[T 0 » » E (0 out of 1 Selected)

Final_Result

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 15m x 15 m.

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.
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Table 0o x
E-1%-
Final_Result X
FID | Shape* | 1d | inhbjob | RU_id | urban_area | unitarea | PBA | DIS [ winis| Ts | wp | wp | waub [ rup | wup |
0[Polygon | 0] 5] 1] 900 | 3141176.98082 [ 0.00029 | 4.50597 | 0.50001 | 4055.4 [ 0.00129 | 5555.6 | 0.67977 | 180 [ 0.00044 |
[T 0r M % (0 out of 1 Selected)
| Final_Result

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/mZ2 in this example compared to 0.00002 UPU/m2in example 4).

Example 6: Area of built-up areas = 2500 m2 (1 pixels size of 50 m x 50 m), Area of reporting unit = 3.14 km?2,
Number of inhabitants and jobs = 14 people and jobs.

Table 0 x
- BN
Final_Result X
FID | Shape* | Id | inhbjob | RU_id | urban_area | wunitarea | PBA| DIS | winis| Ts | wp |up| waup| rup | wup |
0[Polygon | 0] 14| 1] 2500 | 3141176.98082 | 0.0008 | 6.05783 | 0.50001 | 15144.6 | 0.00482 [ 560 [0.67382 | 178.6 | 0.00162 |
o« [ é (0 out of 1 Selected)
Final_Result

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).

Example 7: Area of built-up areas = 123,911,325 m2(in 2011), Area of reporting unit = 246.6 km?2 (City of Laval,
Quebec, Canada), Number of inhabitants and jobs = 510,319 people and jobs; pixel size is 15 m x 15 m (see
detailed information in Nazarnia et al. 2016).
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Table O x

ERAE LR

Final_Result X
e
FID Shape * RU_id inhbjob urban_area unit_area PBA DIS w1DIS TS up UD | w2UuD| LUP Wup
0 | Polygon 13 510319 123911325 | 246576180.353 | 0.50253 | 48.93506 | 1.31047 | 6063608123.6 | 24.59122 | 4118.4 | 0.8367 | 242.8 | 26.96361

[T 0r m E (0 out of 1 Selected)

Final_Result

Laval is the third largest municipality in the province of Quebec in Canada and the largest suburb of
Montreal and one of the highly sprawled urban areas in the Montreal Census Metropolitan Area. This city is
geographically separated from the Island of Montreal by the Prairies River. Most of the built-up areas in Laval
are located in the centre of the island and along the shore.

Example 8: Municipalities located in the west of the Urban Agglomeration of Montreal, Quebec, Canada
(western tip of the Island of Montreal). For details on the size of the built-up areas, size of the reporting units,
and the number of inhabitants and jobs for each reporting unit, please refer to the table of results (and to
Nazarnia et al. 2016). Pixel size is 15 m x 15 m.
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Table O x
ERAR- R L X
Final_Result X
—
FID Shape * RU_id inhbjob | urban_area unit_area PBA DIS wi1DIS TS up up w2UD LUP WupP
0 | Polygon 1 7830 4691475 | 6023310.02257 | 0.77889 | 47.64633 | 1.24528 223531566 | 37.11108 | 1669 | 0.95834 | 599.2 | 44.28855
1 | Polygon 2 2624 859050 | 7479575.71446 | 0.11485 | 46.97876 | 1.20621 40357103.8 | 5.39564 | 3054.5 | 0.90773 | 327.4| 5.90775
2 | Polygon 3 22468 8658225 | 11003211.1413 | 0.78688 | 48.08244 | 1.26888 | 416308584.1 | 37.83519 | 2595 | 0.92877 | 385.4 | 4458873
3 | Polygon 4 29528 7415100 | 9640900.83134 | 0.76913 | 49.45066 | 1.3327 366681589 | 38.03396 | 3982.1 | 0.8478 | 251.1 | 42.97321
4 | Polygon S 58406 12785175 | 15198595.1734 | 0.84121 | 49.24913 | 1.32427 | 629658745.6 | 41.42875 | 4568.3 | 0.79544 | 218.9 | 43.64021
S | Polygon 6 75835 18109800 | 27104583.7548 | 0.66815 | 49.1503 | 1.32001 | 890102102.9 | 32.83954 | 4187.5 | 0.83083 | 238.8 | 36.01539
6 | Polygon 7 54877 14276925 | 18871894.0814 | 0.75652 | 49.01281 | 1.31396 | 699752212.4 | 37.07907 | 3843.8 | 0.85843 | 260.2 | 41.82278
7 | Polygon 8 54672 15813675 | 21064123.4904 | 0.75074 | 48.89375 | 1.30859 773189872 | 36.70648 | 3457.3 | 0.88486 | 289.2 42.503
8 | Polygon 9 8402 2997900 | 10572643.6966 | 0.28355 | 47.95963 | 1.26239 | 143778174.8 | 13.59908 | 2802.6 | 0.91988 | 356.8 | 15.79187
M4 0 » B | (0 out of 9 Selected)
‘ Final_Result ‘

Example 9: Area of built-up areas = 27,506,925 m2 (in 2011), Area of reporting unit = 74 km?2 (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).

Table O x
ERAR- AL X
Final_Result X
| FID Shape * | Borough_nu | inhbjob urban_area unit_area PBA DIS wi1DIS TS up up w2UD | LUuP Wwup

0 | Polygon 1 91569 27506925 | 74246512.6824 | 0.37048 | 48.32345 | 1.28125 | 1329229514.9 | 17.90292 | 3328.9 | 0.89264 | 300.4 | 20.47543

M« 0 » » g (0 out of 1 Selected)

Final_Result

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.

We wish you good success with your own urban sprawl analysis!
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Appendix A: A few more examples

Example A.1: Area of built-up areas = 900 m2 (4 pixels size of 15 m x 15 m), Area of reporting unit = 3.14 km2,
Number of inhabitants and jobs = 5 people and jobs.

/\ Table o x
/ ERIE- AL

/ \'\ Final_Result X
(/ . ) FID | Shape* | inhbjob | RU_id | urban_area | unitarea | PBA | DiIs | winis| Ts [ uwp | up | waup | Lup| wup |
\ 0 [Polygon | 5] 1] 900 | 3141176.98082 | 0.00029 [ 4.42161 [ 0.50001 [ 3879.4 [ 0.00127 [ 5555.6 [ 0.67977 | 130 | 0.00043 |
\ /

\ / [T 0 » n %E (0 out of 1 Selected)

\/ Final_Result

This example is very similar to example 5 in the main text above with the exception of the number of pixels. In
example 5, one patch of built-up area with the area of 900 m2is represented by one pixel size of 30 m x 30 m.
However, in this example, the same amount of built-up area is represented in a raster file that consists of 4
pixels size of 15 m x 15 m. When the size of the pixels is smaller, the value of Dispersion is slightly smaller
because the value of DIS is approximated by the distances between the four pixels (using the distances
between the centres of the pixels rather than the distances between all possible pairs of points within each
pixel, whereas for each pixel the within-pixel value was calculated for the integral using Mathematica, see
Jaeger et al. 2010: Tab. 1), which results in a slightly lower value of WUP.

Example A.2: Area of built-up areas = 2500 m2 (4 pixels size of 25 m x 25 m), Area of reporting unit = 3.14 km2,
Number of inhabitants and jobs = 5 people and jobs.
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/\ Table O x
/ S=RAE AL 5

/ Final_Result X
( FID { Shape* | inhbjob | RU_id | urban_area | wunitarea [ PBA | DIS | wiDis| Ts | wup [up| waup | Lup | wup |

0 [Polygon | 14 1] 2500 | 3141176.98082 | 0.0008 [ 5.94874 [ 0.50001 [ 14871.9 [ 0.00473 [ 560 [ 0.67382 [ 178.6 [ 0.00159 |

L]
/
M 4 0 » E (0 out of 1 Selected)
Final_Result

This example is very similar to example 6 in the main text above with the exception of the number of pixels. In
example 6, 2500 m2 of built-up areas were presented by one pixel of 50 m x 50 m. However, in this example
the same amount of built-up area is presented in a raster file that consists of 4 pixels size of 25 m x 25 m. When
the size of the pixels are smaller the value of Dispersion is slightly smaller for the same reason as mentioned
above.

Example A.3: Area of built-up areas = 900 m2 (4 pixels size of 15 m x 15 m), Area of reporting unit = 3.14 km?2,
Number of inhabitants and jobs = 5 people and jobs.

Table 0O x
ERIE- AL L

Final_Results X
| FiD | shape* | inhbjob | Ru_id | urban_area | unitarea | PBA | DIS |[winis| TS | uwp | up | waup | Lup| wup |
»[o]Polygon | 5] 1] 900 | 3141176.98082 | 0.00029 | 11.5687 | 0.50007 | 10411.8 | 0.00331 | 5555.6 [ 0.67977 | 180 [ 0.00113 |

[T 10 M E (0 out of 1 Selected)

Final_Results

This example should be compared with example A.1. In example A.1, 200 m2 of built-up area are presented
in 4 pixels size of 15 m x 15 m that are distributed in the most compact way (side by side without any
distance/empty space between them) in the landscape. In contrast, in this example, the four pixels (size of
15 m x 15 m) are located at a certain distance between them (90 m from edge to edge, or 105 m between
the centers of the pixels). This theoretic example shows that the metric of Dispersion depends very much on
the relative spatial arrangement of the built-up areas in the landscape. The value of DIS in this example is
11.57 UPU/mZ2, whereas in example A.1, the DIS value is 4.42 UPU/m2. Accordingly, WUP in this example is
0.00113 UPU/m2, which is also higher than WUP in example A.1.

It very useful to compare this value with a calculation done by hand because this procedure illustrates the
use of the formulas by the tool. The most convenient way of calculating DIS is based on the S values (for
eachcelli,i=1,2,3,...ton), according to the following formulas (Jaeger et al. 2010b: 429-431 and 437-438):

s— 1 i 2:di 3 1) £ wee)
A= 1m ’

where njis the number of built-up cells within the HP of cell i, including the cell i itself, di is the distance
between (the centers of) celli and cellj, and WCC (b) is the within-cell conftribution to the value of DIS (and
to the other metrics), and b is the cell width (in m). For example, when there is only cell i and no other cell
within its HP, then ni= 1 and Si= WCC(b) (since dik = 0). For any chosen reporting unit, DIS can then be
calculated based on the Si values of the cells located within the reporting unit:

1. UPU
DIS(b) = HZS,-F,

i=1
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where n is the total number of built-up cells in the reporting unit. In example A.3, this results in:
ni=4 and n =4,
WCC(for 15mx 15 m cell) = 2.961,
S =025-(2-(V(2-105+1)—1) + (V(2-V2-105 + 1) —1) + 2.961)
=0.25:(2-13.5258 + 16.2622 + 2.961)
=0.25.46.275=11.5687, and
DIS=0.25-(4-11.5687) UPU/m2=11.5687 UPU/m?2.

Accordingly, UP = PBA - DIS = 0.0002865 - 11.5687 UPU/m?2 = 0.00331 UPU/m2. This corresponds to the values of
DIS and UP provided by the USM Toolset.

A similar calculation can be done for example A.1, using a distance of 15 m between the centers of the
cells.
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