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Description

This manual serves as an essential educational resource for both undergraduate and postgraduate degree programs, offering a detailed, step-by-step guide to
analyzing urbanity levels with the use of a Geographic Information System. Designed to bridge the gap between theoretical knowledge and practical application,
this guide is meticulously crafted to meet the needs of students, educators, and practitioners alike.

Within the manual, readers will find comprehensive instructions on employing GIS software to analyze spatial information and interpret this data to understand
urbanity level and degree of balance in socio-economic and spatial attributes in a particular area. The manual not only enhances learning in academic settings
by providing real-world applications and case studies but also equips industry professionals with the skills necessary to conduct advanced spatial analysis and
contribute meaningful insights in their fields.

Whether you are a student aiming to master analytical skills using geographic information systems, a teacher looking for robust educational tools, or a practitioner
in need of refining your technical expertise, this manual offers invaluable guidance and support. It ensures that users at all levels gain proficiency in leveraging

modern technologies to monitor, explore, and solve current situations in urban contexts and geographic challenges effectively.
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1. WHAT IS URBANITY LEVEL ANALYSIS?

The urbanity level map for a selected area can be obtained by overlaying the Accessibility (space syntax) map, Density (space matrix) map, and Diversity (land
use mix) map of that selected area.

N
ACCESSIBILITY ANALYSIS {CLOSENESS ITERGRATION) - DAMBULLA CORE AREA N

SPACE MATRIX - DAMBIJLLAVM‘C . N THE DEGREE OF FUNCTION MIX - DAMBULLA MC AREA N\

Tox 15 om0 Rk ectur e srrp W High RE: 4D
il [ Wb Five Pt 1 i
14cn

Lezenn

Figure 1- Accessibility Map Figure 4 - Density map Figure 3 -Diversity Map

N
URBANITY LEVEL - DAMBULLA MC N

- :.";i:i:;:.mi‘:;‘ﬁ’“"’ ... [Figure 2 - Urbanity Level Map

LV - I AL IS L LA 6 0 SOAIRY AR 9 LR R Mty
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1.1 Urbanity Level

The level of urbanity in a specific place is the extent to which certain urban attributes and traits are prevalent. It encompasses various aspects of urban life,
including density, diversity, accessibility and also infrastructure, culture, and social dynamics. A more thriving, dynamic, and well-developed urban environment
is usually indicated by a higher level of urbanity, which is defined by a variety of land uses, busy streets, cultural amenities, and diverse neighborhoods. The
Urbanity Level of a particular place can be categorized into various classes like low level, medium level, high level or low urban, suburban and high urban areas.
Especially those categorization standards can be varied according to the certain characteristics of urban areas. By integrating all the quantitative information
from the Land use mix, space syntax, and space matrix investigations, a new approach for classifying different kinds of urban environments can be proposed

according to the urban morphology. Three categories are used here to categorize the built environment: "balanced with low values," "unbalanced with mixed
values," and "balanced with high values." "Balanced" denotes comparable values that are, similarly, high or similarly low in the space syntax, space matrix, and
land use mix measurements, whereas "unbalanced" denotes the presence of notable discrepancies between the values of the three metrics. Urbanity level,
taken as a whole, provides a comprehensive indicator of the standard and vibrancy of urban environments. It directs efforts towards sustainable, inclusive, and

pleasurable urban development for residents as well as visitors.
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1.2 Final Outputs

URBANITY LEVEL - DAMBULLA MUNICIPAL AREA A

Percentage of Urbanity Levelin Dambulla Municipal Area

Very Low Balanced with low values

37.38%

In-Between Low

% Unbalanced with mixed
Z  In-Between Medium values
g 51.20%

In-Between High

Balanced with high values

11.42%

Urbanity Level 5 Low ] In-Between High
" In-Between Low 0 Medium
Band 1 (Gray) . . o . e
I Very Low In-Between Medium [l High
PREPARED BY - LII AND L IIT DEPT. OF TOWN PLANNING - TY OF (2024)

Figure 5 -Urbanity Level Map & Percentage
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2. FULL PROCESS

Input Layers

Accessibility, Density, Diversity

Assign the same pixel size for
all three layers by resampling

L 4

Resampled layers

| Optional Steps
P |

Figure 6 -Full Process

Reclassified urbanity raster

Reclassify into seven
classes using equal interval

Urbanity level raster layer

yyYy

Summation of the equally
weighted layers

Get the pixel value for each class

v

using raster attribute table

\ 4

The graph of Urbanity Level

Categorize into balanced values
and get the percentages

Final graph of urbanity
level with balanced values
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3. REQUIRED APPLICATIONS

* QGIS

QGIS is an open-source Geographic Information System (GIS) software. Users can generate, modify, view, examine, and
share geographic data with it. Due to its extensive plugin support and user-friendly interface, QGIS is widely used in a
* variety of sectors, including environmental research, urban planning, and agriculture. It is used for a variety of activities,

including data management, mapping, and spatial analysis.

Figure 7 QGIS Software

7

«»+» Microsoft Excel

One of the most effective spreadsheet programs for organizing, analyzing, and visualizing data is Microsoft Excel. Its
features, which span from advanced data modeling to budgeting, include formulas, functions, charts, and pivot tables.

Excel is a vital tool for not only managing personal finances, business, and education but also various utilities.

Figure 8 Microsoft Excel

11
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4. INTRODUCTION TO INPUTS

Accessibility - The ease with which people may access services and destinations in an urban environment is referred to as accessibility. It considers elements
such as the city's connectedness, travel times, and transportation infrastructure. The degree of connectedness and mobility that residents have access to is
determined by accessibility, which is a critical factor in urbanity-level study. To promote connectedness and raise urbanity levels throughout the city, accessibility
analysis aids in the identification of places with poor access and directs the planning of land use patterns, pedestrian infrastructure, and transit networks.

Density - The concentration of people, buildings, and activities in a given area is measured by density. Density in a study of urbanity levels indicates the level
of human interaction and urban growth. Taller buildings, more compact land use patterns, and increased pedestrian activity are characteristics of higher-density
places. Greater densities are frequently connected to busy urban areas, whereas lower densities are connected to suburban or rural settings. In order to

preserve livability and sustainability while promoting urban vitality, the right density balance must be achieved.

Diversity - Diversity in urbanity level analysis refers to the range of elements found in an urban region. This covers a range of land uses, including commercial,
industrial, residential, and recreational areas. Increased diversity contributes to a lively and dynamic urban environment by indicating a wider mix of people,
activities, and amenities within the urban fabric. Diversity analysis ensures that neighborhoods provide residents with a balanced mix of opportunities and
services by assessing the richness and complexity of urban life.

So, accessibility, density, and diversity are the major three inputs for getting the urbanity level of a particular area.

Note — It is a requirement that all three raster layers have the same coordinate system, pixel size and area extent. If one of these factors changes, the
result will be different and lacking in accuracy, so, ensuring that is essential before overlaying the three raster layers. For this manual, | have selected
WGS 84 as the coordinate system for all three layers and 30m as pixel size. The selected area is the Dambulla Municipal region in Sri Lanka for all three
layers. The processing of the above input data is mentioned in accessibility, density, and diversity manuals respectively. You can refer to those manuals
to process the above data.

12
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5. STEPS

a. Input Data (Open the QGIS and add accessibility, density, and diversity raster layers into the interface)

The processing of the above input data is mentioned in accessibility, density, and diversity manuals respectively. You can refer to those manuals to process

the above data.

i. Launch QGIS on your desktop and double-click on the new empty project to open a new project in QGIS.
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ii. Go to the Layer Tab in the Menu Tool Bar.
1. Click on the layer tab.
Select Add Layer.

Click on Add raster layer as shown according to the numbers.
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You can add various types of layers such as vector and raster layers to the project interface from this add layer option.
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iii. By clicking Add Raster layer it will open the open data source manager panel.

1. Click on the three-dotted icon to add a raster dataset from your device.
2. Browse to the relevant folder where you have saved your raster datasets and select a dataset. (In this manual first, | have selected the land use

mix diversity layer. You can select three layers as your preference hence the selection order of layers will not affect the output.)

I] Note — It is important to select only the TIF format of your layer when adding a raster layer. Other formats are not applicable.

3. Click on open to add the selected raster layer to the open data source manager panel.
4. Do not change anything under the options in the menu and then click on Add in the open data source manager panel to add that raster layer to

the project interface.

Q Dat

“ Source Type

®) File Protocol: HTTP(S), cloud, etc.

Rast
B, Raser Source

X1/
Te Mesh Raster dataset(s)
1

- Point Cloud

- Delimited Text

Q% GeoPackage
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# _ Spatialite
- PostgreSQL
& MssaL
» Oracle

m Virtual Layer

4 SAP HANA

&2 wms/wmrs

- WFS / OGC API -
“% Features
Close Add Help

Figure 12 - Data source manager
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» Music D Diversiy 27412024 312 PM OVRFil 33 KB T Consult GTiff driver help page for detailed explanations on options
usi iversity.ovr 3 ile
NUM_THREADS [
&= Pictures [] Diversity.tfw 2/4/2024 3:12 PM TFEW File 1KB GeoPackage
Diversity e — e GEOTIFF_KEYS_FLAVOR | <Default> -
& videos WEE 1 15 2 . | GPS
GEOREF_SOURCES
5 Local Disk (C: € Diversity 4/25/2024 12:50 AM Microsoft Edge HT... 2KB - ‘
&7 Local Disk (C) Spatialite SPARSE_OK | <Default> A
3 A
. New Volume (D:] PostgresQl
7 New Volume (E)
MSSQL
7 New Volume (F)
7 New Volume (G:) Oracle
w Amaya HDD (H:) Virtual Layer
v SAP HANA
File name: ‘Diversity v| All files V‘ : = WMS/WMTS 4
3 Open Cancel MWESIAOGC
T API - ~] Close Add Help

Figure 13 -Add Map Figure 14 -Add Layer
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¢ Now, the diversity data is added to the interface.
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Figure 15 -Diversity Data
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iv. Add the other two datasets according to the process mentioned in steps ii and iii.
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Figure 16 -Add Data
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¢ All three datasets diversity, density and accessibility layers are added to the interface.

@ *Untitle oject — QGIS
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Figure 17 - All three datasets
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Optional Steps:

7

« As mentioned before, all three raster layers should be in the same coordinate system, cell (pixel) size, and region extent before overlaying. So, space
syntax (accessibility) mapping, space matrix (density) mapping, and land use mix (diversity) mapping should be done to the same area extent, and we
can check the coordinate system and cell size of a layer by information panel in that raster layer. For that

1. Right-click the relevant layer

2. Go to the properties and click it.

@ *Untitled Project — QGIS - X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
=S NE N 0/ @ =% D@ 0 ¢ ™ [ =
0O (] AN A LR 3059 4g BatOOR R-0 @ ¥z o T e
= @ (@
B@Vo 2 mE @ ®]a QaeR 2
) B e r ®
re i
Browser ©® | () RaT Available: Raster Final_Output_Accessibility has an associated attribute table. Open Raster Attribute Table| 2 more €3~ Processing Toolbox 2%
RY®Te wa Qe A
Favorites = Q ch.
» " Spatial Bookmarks » (D Recently used -
» [&] Home » (@ Cartography
» C\ » (@ Database
» 7 D\ (New Volume) » @ File tools
» [ EA (New Volume) > QGPs
» [ FA (New Volume) » @ Interpolation
» [77 G\ (New Volume) » @ Layer tools
» [ H\ (Amaya HDD) » @ Mesh
£ RanDarkana » @ Network analysis
Layers e® » Q@ Plots
y 0= T i i A » @ Raster analysis =
| Band 1] 5 Zoom to Layer(s) 1 féé{c‘hPM_S CL)
5 | 92 Show in Qverview aren =g
Copy Layer Filter by extent | | All -
I Rename Layer Last used:
1| ® Zoom to Native Resolution (100%) R Goooks Satelte Hybrid ® | Add
v V| 5 Den ) a® TMS details, report a problem
Band Stretch Using Current Extent
an
9 -~ Open Attribute Table li OpenStreetMap o | Add

TMS details, report a problem

] Duplicate Layer
I "L Remove Layer...
1

Move to Bottom

T o :nzi;’ Change Data Source...
6 Set Layer Scale Visibility...
Layer CRS N
I Export »
1 Styles

Download geodata for your project

Addl AL

>
L —
Q Type t cc 2 .—l Coordinate| 80.6427,7.0151 | Scale[1:75735 ~ | (@ Magnifier| 100% % | Rotation |0.0° %! V| Render @epsciazze @

Figure 18 - Check the coordinate system
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7

« It will open the layer properties panel and then go to the information section in the layer properties panel and check the coordinate system and cell size
of that layer.

Q LayerP —
[ Q 1 rroviaer gaal P |
T
O Information \
A Source Information from provider \
"’ . Symbology Extent 458214.3547999998554587,861824.1887999996542931 : 465324.3547999998554587,874964.1887999996542931 \
Width 237
L& Transparency Height 438 \
- Data type Byte - Eight bit unsigned integer
Histogram GDAL Driver GTiff
Description

GDAL Driver Metadata GeoTIFF
Dataset Description H:\Academic\TCP L2S4\Vacation Project\Urbanity\space syntax\New folder\Final_Output_Accessibility.tif

4  Rendering

a Compression
Temporal .
Band 1 * RepresentationType=THEMATIC
2 ® STATISTICS_COVARIANCES=1.711229921138306
@R Pyramids ® STATISTICS_MAXIMUM=5
~ ® STATISTICS_MEAN=2.7847319807374
a Metadata ® STATISTICS_MINIMUM=1
® STATISTICS_SKIPFACTORX=1
Legend ® STATISTICS_SKIPFACTORY=1
® STATISTICS_STDDEV=1.3081295434434
QGIS Server ® STATISTICS_VALID_PERCENT=61.01
More information ® AREA_OR_POINT=Area
e X:119 Pixel Size 30,-30
e Y:219
Dimensions X: 237 Y: 438 Bands: 1
igi 999998554587,874964.1887999996542931
Pixel Size 30,-30
Coordinate Reference System (CRS) _»  Name EPSG:32644 - WGS 84 / UTM zone 44N
N EPSG:32644 - WGS 84 / UTM 44N Units meters
ame i / zone Method Universal Transverse Mercator (UTM)
Units meters

Method Universal Transverse Mercator (UTM)

i) y Earth
Accuracy Based on World Geodetic System 1984 ensemble (EPSG:6326), which has a limited accuracy of at best 2 meters.
Reference Dynamic (relies on a datum which is not plate-fixed)

Identification
Figure 19 - Layer properties panel
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% Check whether all three layers have the same coordinate system and cell size following the above process.

% If there is a different coordinate system in the layer you must select a relevant coordinate system and apply it to all three layers.
1. Right-click the layer.

2. Go to the layer CRS.

3. Select and click on the set layer CRS option.

( *Untitled Project — QGIS - X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
= o es & P P DD @ Q "> ) (; =
DoBRRY UL RPPRR /  Ba tDOR G- @ (%2 =R
2 (6B
LA AYA Y N 5 = Qe 2
9 vBE r ®
e i
Browser ® Processing Toolbox B®
QOT®*O S \
7 Favorites =
» " Spatial Bookmarks » (Y Recently used =
> :cT Home » @ Cartography
roa » @ Database
» [J DA\ (New Volume) » @ File tools
» [J E\ (New Volume) » @Qaps
» [ F\ (New Volume) » @ Interpolation
» [ G\ (New Volume) » @ Layertools
» [ HA\ (Amaya HDD) » @ Mesh
-
e Cactec e » (@ Network analysis
Layers e® » @ Plots
- o T i 3. 1 » () Raster analvsis ~4
== Accessibility 1 Zoom to LaJem, Search QMS @®
Bana 1 (Grayy Search string
s @2 Show in Qverview
Filter by extent | | All v
Copy Layer
Last used:
Rename Layer
1G] i i Google Satellite Hybrid
1 49 Zoom to Native Resolution (100%) m TMS detalls, report a problem ®  Add
v V| I Density Stretch Using Current Extent
Band 1 (Gray) - ) 1) OpenStreetMap
° Open Attribute Table i TMS details, report a problem ® (iadd
u Duplicate Layer
;4 Remove Layer...
1 Move to Bottom
~ V| I Diversity Change Data Source...
Band 1 (Gray)
tlaver L isibili
6 -
| Layer CRS 2 EPSG:32644 - WGS 84 / UTM zone 44N o
EXport Set Project CRS from Layer !
1 Styles » Set to EPSG:5234
Add Layer Notes... Set Layer CRS... 3 Download geodata for your project
Q Type to locate (Ctri+K) Properties... - Coordinate | 80.5638,7.8541 | ¥ Scale[1:75738  ~ | @@ Magnifier| 100% < | Rotation |0.0° 3| VI Render @ epsciazze @

Figure 20 — Set CRS
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% By clicking set layer CRS, it will open the Coordinate Reference System Selector panel. In there,
1. In the filter search bar, type your relevant coordinate system. (In this manual | have selected the WGS 84 / UTM zone 44N system and it is the most
preferred one.)

Select that coordinate system that appeared under recently used coordinate systems or predefined coordinate systems.

Then click on OK. It will set the selected coordinate system to your layer and especially consider all three layers are assigned to the same coordinate

system.
Q
|F.|ter . wgs 84 utm zone 44n 1 a | Note — When setting a coordinate system, it is most relevant to
Recently Used Ct e Sy . .
Yo Authority assign a coordinate system of a layer to other layers except by
WGS 84 / UTM zone 44N EPSG:32644 | i .
changing the coordinate system of all layers. If your layer has a
2 . . .
geographic coordinate system like SLD99, you can select that one
also and it is not mandatory to select a projected coordinate system.
4 > L
Pr d C i Reference Sy Hide deprecated CRSs
Coordinate Reference System Authority ID
v @ Projected Coordinate Systems
¥ Universal Transverse Mercator (UTM)
WGS 84 / UTM zone 44N EPSG:32644
4 >
WGS 84 -
Properties

* Geographic (uses latitude and
longitude for coordinates)

* Dynamic (relies on a datum which is
not plate-fixed)

* Celestial body: Earth

* Based on World Geodetic System
1984 ensemble (EPSG:6326), whi~'

3 oK Cancel Help

Figure 21 -CRS
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7

% Then if you have different cell sizes you must resample the layers according to a specific cell size like below.

1. Click the processing toolbox in the menu toolbar and it will open the panel of processing toolbox.

2. Type the name ‘resample’ in the search bar of the toolbox and relevant tools will appear under the search bar.
3. Select the r.resample tool from that and double-click it.

Q *Untitled Project — QGIS - X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help 1

DXy Ve 2L, RPPPEPRILCa O Ry~ |§°§F =R

B@VoaWmE A = = TR 2

9 12 px ¥ @

OF:
Bg""is’e'Y =0 ©® | () Rar Available: Raster Final_Output_Accessibility has an associated attribute table. Open Raster Attribute Table | 2 more €3~ Processing Toolbox o8

2 3

s - y 2

Favorites

| Q. resample|
» [I" spatial Bookmarks

~ (O Recently used

» [8) Home

7 & rresample
[ ER e GRASS 3
» [7 D:\ (New Volume) ~ Raster ()
» [ E\ (New Volume) & rresampfilter
» [ FA (New Volume) @ rresamp.interp
» [7 G\ (New Volume) @ rresamp.stats
» [ HA (Amaya HDD) @ rresample

3 GanDackana 4 - S

r.resample

Layers e® - A
o @ ® T p 3 ) @ GRASS raster map layer data resampling

v A ibili " | capability using nearest neighbors.
- ccessibility

Band 1 (Gray)
5

I1

~ V| = Density
Band 1 (Gray)
9

Algorithm ID: ‘grass7:r.resample’

Search QMS &
Search string.
Filter by extent | | All -

Last used:

{79 Google Satelite Hybrid i
I %Y TMs details, report a problem =
1 1 OpenStreetMap
~ V| " Diversity [ This getaits, report a problem ® |ghdd
Band 1 (Gray)
6
I 1
Download geodata for your project
Q_ Type to locate (Ctri+K) Coordinate| 80.7481,7.8862 | Scale[1:75735 ~ | @& Magnifier| 100% 2| Rotation |0.0° 2| VI Render @epsciaaze @

Figure 22 - r.resample
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Processing Toolbox @
*g ’v :l;) = 4)
Q. resample 2 L X | ‘
]

v (1) Recently used

a 1 v = ) O .

2 A 0 | & rresample 3 |
) | v <& GRASS

v Raster (r.%)

@ rresampfilter
& rresamp.interp
& rresamp.stats
@ rresample

4

&
5
¥
i

Figure 23 Processing tool

7

L o . Fi 24 P ing toolbox.
«»+ After clicking the resample tool it will open the resampling panel. ‘gure rocessing toolbox
g p p pling p:

1. Select the relevant layer from the drop-down menu.

2. Set the relevant cell size. (In this manual | have set the cell size according to the cell size of the accessibility layer which is 30 and used that for

density and diversity layers. So, you can set a new cell size for all three layers or set the cell size of one of the layers to the other two)
3. Click on run to process resampling.

Density raster

Resampled
layers

raster layer.

Note — When resampling, it can be done to a layer at one time and all inputs cannot be resampled same time. So, you must resample other layers
one by one following the same process.
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<«
Parameters | Log r.resample
Input raster layer

GRASS raster map layer data resampling
:-’ Density [EPSG:4326] 1 - capability using nearest neighbors.

w Advanced Par S

GRASS GIS 7 region extent [optional]
Not set o]

GRASS GIS 7 region cellsize (leave 0 for default)

L1

30.000000 2 &

Output Rasters format options (createopt) [optional]

Output Rasters format metadata options (metaopt) [optional]

Resampled NN
[Save to temporary file] ol

v Open output file after running algorithm

‘ 0% Cancel

Run as Batch Process... 3 Run | Close Help

Figure 25 -r,resample
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After the process, you will receive the resampled layer. It is important to resample all three layers to the same cell size. With the same coordinate system and
cell size for all three layers, now you are ready to overlay the raster layers.

Note — If you are ready with the layers which have same cell size and coordinate system, you can skip these optional steps and can directly enter to step
5.2.1 from step 5.1.4.

b. Overlaying the three raster layers (In this step, accessibility, density and diversity raster layers are summed to get the urbanity
level)

Accessibility Raster Layer

Urbanity Level Raster
Layer

Density Raster Layer

\

Diversity Raster Layer
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i. Open the raster calculator.

1. Click the processing toolbox in the menu toolbar.

2. Type the raster calculator in the search bar of the processing toolbox.

3. Double-click the raster calculator under raster analysis and it will open the raster calculator.

(@ *Untitled Project — QGIS
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~ Raster miscellaneou d9is:rastercalculator’

@ Raster calculator

T
S

@®

Search QMS @®
Search string..
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Figure 26 - Raster calculator
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Set the equation for getting the urbanity level in the raster calculator.

1. After opening the raster calculator, it will automatically consist of the layers you have added to the project interface.

2. Double-click on those layers and using operators get the expression for summing the accessibility, density and diversity layers in the expression

tab.

I T
®B@V.ZawmE @
9 "2 px

| O
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» [¥ Project Home
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79 1A £ A mnaes LINNY
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1
v V| = Density
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9

1
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r ®
Parameters Log
Expression

Layers
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Density@1 1

EatOR

Operators

+

ﬂ

{@v

b @

asin

atan

#* Z
Qe -~ B

o v

Expression

"Accessibility@1" + "Diversity@1" + "Density@1"

Expression is valid

Predefined expressions

NDVI

Reference layer(s) (used for automated extent, cellsize, and CRS) [optional]

0 inputs selected

Cell size (use 0 or emntv to set it automaticallv) Tontionall

Run as Batch Process...

Figure 27 - Set the equation for getting the urbanity level
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This algorithm allows performing
algebraic operations using raster
layers.

The resulting layer will have its values
computed according to an expression.
The expression can contain numerical
values, operators and references to any
of the layers in the current project. The
following functions are also supported:

- sin(), cos(), tan(), atan2(), In(),
log10()

The extent, cell size, and output CRS
can be defined by the user. If the extent
is not specified, the minimum extent
that covers selected reference layer(s)
will be used. If the cell size is not
specified, the minimum cell size of
selected reference layer(s) will be
used. If the output CRS is not specified,
the CRS of the first reference layer will
be used.

The cell size is assumed to be the same
in both X and Y axes.

Layers are referred by their name as
displayed in the layer list and the
number of the band to use (based on
1), using the pattern
'layer_name@band number'. For
instance, the first band from a layer
named DEM will be referred as DE

Cancel
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3. Accessibility, Density, and Diversity equally contribute to and influence the urbanity level. By dividing 100% influence equally to three we can
consider 0.33 as the weight factor for these three layers as they equally contribute to the urbanity level. So, we have to multiply each layer from
0.33 to get the urbanity level. (Source - Yu Ye, Akkelies van Nes. (2014). Quantitative tools in urban morphology: combining space syntax, 23.)

Note - Urbanity Level = (0.33*Accessibility) + (0.33*Density) + (0.33*Diversity)

Q
<
Parameters | Log Raster calculator
. N
Expression This algorithm allows performing
algebraic operations using raster
Layers Operators layers.

Accessibility@1 + * cos sin log10 AND The resulting layer will have its values

Density@1 computed according to an expression.

- ty - / e e In OR The expression can contain numerical

Diversity@1 values, operators and references to any

~ sqrt tan atan ( ) of the layers in the current project. The
following functions are also supported:
= 4 = = == 2= - sin(), cos(), tan(), atan2(), In(),
log10()
abs min max gy
The extent, cell size, and output CRS
E . can be defined by the user. If the extent
Ipesson ] is not specified, the minimum extent
that covers selected reference layer(s)

(0.33*"Accessibility@1") + (0.33*"Density@1") + (0.33*"Diversity@1") 3 will be used. If the cell size is not
specified, the minimum cel
selected reference layer(
used. If the output CRS is
the CRS of the first reference layer will

Expression is valid be used.

The cell size is assumed to be the same
Predefined expressions in both X and Y axes.

NDVI v Add... Savei Layers are referred by their name as
displayed in the layer list and the
number of the band to use (based on
1), using the pattern

Reference layer(s) (used for automated extent, cellsize, and CRS) [optional] ayer_nam P nd number'. For
DT e instance, the first band from a layer

s e named DEM will be referred as DEM@1.
Cell size (use 0 or empty to set it automaticallv) l'optionall 4

0%

Run as Batch Process...

Figure 28 -Equation

Cancel

Run Close Help

31



Teaching & Learning Manual
Step-by-Step Guide: Urbanity Level Analysis with QGIS

iii. Set the parameters in the raster calculator. (To reach those parameters, you have to scroll down the raster calculator interface

and then you can find the parameters mentioned in 1 to 8 sub-steps).

1. To select a reference layer, click on the three-dotted icon in the reference layer of the raster calculator.

2. Then it will direct you to a window and select a layer of your preference in there. (From this selection it will automatically assign the coordinate

system, cell size, and output extent of the selected layer to the output layer)
3. Then click ok to select that reference layer.

Q

Parameters Log
Expression

0.33*"Accessibility@1" + 0.33*"Diversity@1" + 0.33*"Density@1"

Expression is valid

Predefined expressions

NDVI v

Reference layer(s) (used for automated extent, cellsize, and CRS) [optional]
0 inputs selected

Cell size (use 0 or empty to set it automatically) [optional]

0.000000

Output extent [optional]

Not set

Output CRS [optional]

Output
[Save to temporary file]

V| Open output file after running algorithm

0%

Run as Batch Process...

Figure 29 -Raster Calculator

Add...

Save...

O

4
Raster calculator

This algorithm allows performing
algebraic operations using raster
layers.

The resulting layer will have its values
computed according to an exp n.
The expression can contain numerical
values, operators and references to any
of the layers in the current project. The
following functions are also supported:

- i s(), tan(), atan2(), In(),

log10

The extent, cell size, and output CRS
can be defined by the user. If the extent
is not specified, the minimum extent
that covers selected reference layer(s)
will be used. If the cell size is not
specified, the minimum cell size of
selected reference laye

used. If the output CRS is not specified,
the CRS of the first reference layer will
be used.

The cell size is med to be the same

in both X and

Layers are referred by their name as
displayed in the layer list and the
number of the band to use (based on
1), using the pattern
'layer_name@band number'. For
instance, the first band from a layer
named DEM will be referred as DEM@1.

Run Close Help
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Q

4
Parameters | Log Raster calculator

4 Reference layer(s) (used for automated extent, cellsize, and CRS) This algorithm allows perfo

algebraic operations L
V. Accessibility [EPSG:32644] select All layers.
Diversity [EPSG:4326] 2 The resulting layer will have its values
Density [EPSG:4326] Clear Selection computed according to an expression.

Toggle Selection
Add File(s)...

Add Directory... -5 s(), tan(), atan2(), In(),

: .
The extent, cell size, and output CRS
can be defined by the user. If the extent
is not specified, the minimum ex
that covers selected reference layer(s)
will be used. If the cell size is not
specified, the minimum c of
selected reference lay vill be
used. If the output CR t specified,
the CRS of the first reference layer will
be used.

The cell size is assumed to be the same
in both X and Y axes.

referred by their name as
list and the
nd to use (based on

named DEM will be referred as DEM@1.
0% Cancel
Run as Batch Process... Run Close Help

Figure 30 - Raster Calculator

Generally, after selecting the reference layer it will automatically add the extent, coordinate system and cell size of the reference layer to the output and
automatically fill out the cell size, output extent and output CRS parameters in the raster calculator. But sometimes it does not occur, and we have to manually
add those parameters.

4. Type relevant cell size. (I have typed 30 because this cell size is used for all input raster layers, and it is important to add the same cell size for
output as well. You can use the cell size which is used for the resampling process as well)

5. Click on the three-dotted icon in output extent and select a relevant layer from input layers under the calculate from layer option. (This is the most
required option since the output and input layers should have the same region extent and it is most relevant to select the same layer as the output
extent that you selected as the reference layer)
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6. Then select the relevant coordinate system under output CRS. (It is important to select a same coordinate system which also input layers have)

(2 Raster Calculator X
4
Parameters | Log Raster calculator
-~

Expression This algorithm allows performing B

algebraic operations using raster
0.33*"Accessibility@1" + 0.33*"Diversity@1" + 0.33*"Density@1" layers.

The resulting layer will have its values tor
computed according to an expression. table

The expression can contain numerical
values, operators and references to any

Expression is valid of the layers in the current project. The tor
following functions are also supported: layer
Predefined expressions - sin(), cos(), tan(), atan2(), In(), table
log10()
| NDVI v Add... Save...
The extent, cell size, and output CRS ous

can be defined by the user. If the extent culator
is not specified, the minimum extent

Reference layer(s) (used for automated extent, cellsize, and CRS) [optional] that covers selected reference layer(s)

1 inputs selected ‘ \7 will be used. If the cell size is not
— T specified, the minimum cell size of culator
Cell size (use 0 or empty to set it automatically) [optional] selected reference layer(s) will be
4 > used. If the output CRS is not specified,
30.000000 « " the CRS of the first reference layer will
Output extent [optional] - be used. L
458214.3548,465324.3548,861824.1888,874064.1888 [EPSG:32644] €@||. 5 Thecellsizeisassumedto be the same

Output CRS [optional]

Project CRS: EPSG:4326 - WGS 84 6 v Use Map Canvas Extent

Output Draw on Canvas

H:/Academic/TCP L2S4/Vacation Project/Urbanity/urbanity_qgis/urbanity2.tif &« \ \ = instan_ce, the first band from.a layer toblem

V| Open output file after running algorithm = named DEM will be referred as DEM@1. =

roblem
‘ 0% ‘ Cancel
‘Run as Batch Process... ‘ Run 1 Close ‘ ‘ Help |
T i

Figure 31 - Raster Calculator
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7. Click the icon under output. When saving the output, you can select save to a temporary file or save to a file. If you select to save to a temporary file
option, the output will be saved temporarily in the project, and it will only be available until you work on the interface. So, it is important to select save
to a file option.

(2 Raster Calculator X
4 -
Parameters | Log Raster calculator
-
Expression This algorithm allows performing
algebraic operations using raster
0.33*"Accessibility@1" + 0.33*"Diversity@1" + 0.33*"Density@1" layers.
The resulting layer will have its values

computed according to an expression.
The expression can contain numerical

values, operators and references to any

Expression is valid of the layers in the current project. The
following functions are also supported:

Predefined expressions - sin(), cos(), tan(), atan2(), In(),

log10()
NDVI N4 Add... Save...
The extent, cell size, and output CRS
can be defined by the user. If the extent
5 . is not specified, the minimum extent
Reference layer(s) (used for automated extent, cellsize, and CRS) [optional] that covers selected reference layer(s)
1 inputs selected will be used. If the cell size is not
specified, the minimum cell size of
Cell size (use 0 or empty to set it automatically) [optional] selected reference layer(s) will be
> used. If the output CRS is not specified,
30.000000 a v the CRS of the first reference layer will
Output extent [optional] be used.
458214.3548,465324.3548,861824.1888,874964.1888 [EPSG:32644] all.. The cell size is assumed to be the same
in both X and Y axes.
Output CRS [optional
P Lop ] Layers are referred by their name as
EPSG:32644 - WGS 84 / UTM zone 44N - % displayed in the layer list and the
number of the band to use (based on
Output 1), using the pattern
S 'layer_name@band number'. For
(oave to temporary Tile) = instance, the first band from $ layer
V| Open output file after running algorithm 7 Save to a Temporary File fs DEM@1. —
Save to File... [
| 0% Cancel
Run as Batch Process... ‘ Run Close Help

Figure 32 - Raster Calculator
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8. After clicking save to file option, browse to a relevant folder in your device and save under a name like urbanity_level. It is important to save output
under TIF format and click on save.
9. Then click on run in the raster calculator to run the process.

Parameters | QX Save file “ |calculator
Expression| ¢ v 1 « TCP L2S4 > Vacation Project > Urbanity > Urbanity2 v O | Search Urbanity2 L | nm allows performing
erations using raster
=n i =
0.33%"Act Organize ~ New folder = -
~ g layer will have its values
I Desktop a Name Date modified Type Size ccording to an expression.
- sion can contain numerical
=| Documents fators and references to any
Expressio No items match your search. § in the current project. The
¥ Downloads nctions are also supported:
Predefined J, Music ), tan(), atan2(), In(),
NDVI (=] Pictures
p | cell size, and output CRS
E Videos ed by the user. If the extent
ied, the minimum extent
SEEELE la?f 29 Local Disk (C) selected reference layer(s)
1 inputs select o i . If the cell size is not
= | ~* New Volume (D:] e minimum cell size of
Cell size (use 0 o lerence layer(s) will be
— ~ New Volume (E:) output CRS is not specified,
30.000000 | <5 New Volume (F) he first reference layer will
Output extent [ )
458214.3548.4 ~7 New Volume (G e is assumed to be the same
et d Y axes.

Amaya HDD (H+ v

Output CRS
utpu [T eferred by their name as
EPSG:32644 File name: | urbanity_level 8 v | the layer list and the
he band to use (based on
Output Save as type: | TIF files (%.tif) v | B pattern
. 2@band number'. For
[Save to temp} e first band from a layer
V| Open out will be referred as DEM@1.
L E . N Hide Folders 8 Save Cancel L. N b
‘ 0% Cancel
Run as Batch Process... 9 Run Close Hel,
p

Figure 33 -Save File
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iv. Obtain the urbanity raster layer after running the raster calculator process. Now you can get the urbanity level raster which is

the equally weighted summation of the accessibility, density, and diversity raster layers.

Q
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QRY®*O
Favorites

» % Spatial Bookmarks

» [ Project Home
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one legend entry removed.

Figure 34 - Obtain the urbanity raster layer
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c. Getting the urbanity level map (In this step relevant color ramp was added to the layer and the urbanity level was categorized into
the classes)

i. Set the relevant color ramp.

1. After getting the urbanity raster layer, right-click it and go to the properties.

@ #urbanityl — QGIS - X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
B ™ o7 5 P 0D B 0 (1 ™
0O X (UL HK Gt O
BV AZAWE @ QR 2
9 > = —
— » Zoom to Layer(s)
| O {;)( 2 Show in Qverview
Copy Layer i
Browser pyLay nity_qgis1 has an associated attribute table. Open Raster Attribute Table| 5more €~ | Frocessing Toolbox (s
OR_TMO Rename Layer ® e OB N
Favorites f Zoom to Native Resolution (100%) Q rch.
» " Spatial Bookmarks  syretch Using Current Extent » (Y Recently used =
» [¥ Project Home - -
- . Open Attribute Table » @ Cartography
» &) Home - » @ Database
r I ] Duplicate Layer » @ File tools
» [ DA (New Volume) | [ Remove Layer... » @ GPS
» [] E\ (New Volume) ‘ A
JE Move to Top » @ Interpolation
» FA\ (New Volume) » @ Layertools
» [ ] G\ (New Volume) Change Data Source... » @ Mesh
4 &: H:\ (Amaya HDD) Set Layer Scale Visibility... » (@ Network analysis
GeoPackage C
2 g Layer CRS » @ Plots )
Layers 4 - Raster analysis ~
Export
vad=T 3 o Search QMS e®
» [] 3 Accessibility] tyles Search string
& Density Filter by extent| | Al
= Diversity 1
Urbanity Leirel Last used:
Band 1 (Gray) Google Sateliite Hybrid
5.61 (A TMS detalls, report  problem @ 249
OpenStreetMap
TMS details, report a problem ©® (iadd
0.99
Download geodata for your project
Q Type to locate (Ctrl+k one legend entry removed. Coordinate| 80.5542,7.8560 | Y Scale|1:75736 ¥ | @& Magnifier 100% </ Rotation |0.0° $| VI Render @epsciazze @

Figure 35 - Set the relevant color ramp
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2. Then it will open the layer properties window and go to the symbology panel in there.

3. In symbology, select render type as single band pseudocolor to classify it into classes

- ]
SN o/ 2 f ) ~ = = = v = v @ -
DRy Oe2LRAPPPE e tDNOR Gp-C @ 1|32 v e
~ 2%
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Browser ®® | () RaT Available: Raster urbani Ki Information Render type | sj E===dlicclbox 2z
~ a0 B “
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U} ; Color gradien A4 T/
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» [¥ Project Home TMinJo.es Max |5.61 @ Cartography
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Figure 36 - symbology
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4. Select a relevant color ramp from the given range of color ramps. (Also, you can select a variety range of color ramps from all color ramps menu

and the selected color ramp can be inverted by clicking invert color ramp)

(2 Layer Properties — urbanity_level — Symbology
» Q | v Band Rendering

Band 1 (Gray)

ri Information Render type | Singleband pseudocolor ¥
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Figure 37 - Select a relevant color ramp
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5. Set the classification mode as the equal interval. It will equally assign the values among the urbanity level categories.

6. As we classify urbanity level into the seven categories as Very Low, Low, In-Between Low, In-Between Medium, In-Between High, Medium and
High, set the number of classes as seven and it will automatically classify urbanity into seven classes and appear. (Classification of urbanity level
can be dependent on the selected study area like it can be less or more than seven classes and different level types. So, you can change the
number of classes according to the characteristics of your study area and your preferences)

Source - Yu Ye, Akkelies van Nes. (2014). Quantitative tools in urban morphology: combining space syntax,. 23.

Q Layer Properties — urbanity_level — Symbology X
Q | v Band Rendering
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Figure 38 - Classification mode as the equal interval
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7. If you want, you can rename the labels using the classification of urbanity. For that, you have to double-click on the existing name that appears

under the label column and then type the relevant name for that class on it.
8. Then click on Legend Settings.

(@ Layer Properties — Urbanity_Level — Symbology X
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Figure 39 - Rename the labels
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9. It will open the Legend Settings window and tick off the use continuous legend and then click ok. From this step, we can see a categorized legend

according to the colors and labels we used in step 7 in the layers tab of the QGIS interface instead of appearing as a legend which includes a
continuous range of values.
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Figure 40 - Categorized legend
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10. Then click apply and ok.
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ii. Now you can get the urbanity map which is categorized into seven classes. According to the map blue color areas show the
very low level of urbanity while red color areas show high urbanity levels. Other colors show the urbanity levels which vary
from low level to medium level respectively. Also, the legend items can be seen in the layers tab of the interface.
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d. Getting numerical values and graphs of the urbanity level

Graphs and charts are essential for easily understanding the urbanity level of a particular area. To create those graphs there is a need for numerical values

such as the count of pixels in each urbanity category in raster data. But here we cannot get such numerical data directly from an attribute table like vector data.

So, we have to install a plugin called “Raster Attribute Table” to open the attribute table for raster data.

i. Install the raster attribute table plugin.

1. Click the plugins icon in the QGIS menu bar.

2. select manage and install plugins.
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Figure 43 - Install the raster attribute table plugin
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3. It will open the plugins window.

- g X
P Edit View Laye P s Vector R D A ng Help
(=] V4 P ~ —
DEBRRN UeLLRPPE. EatDOR M MR MR
R@V.AawmEB @ = ) = : QeaR 2
Q e )px Y ® X
Browser ® Processing Toolbox ®
GeTHO A L NCRERIEAEN
' Favorites 4 Q_ search.
» " Spatial Bookmarks Q search. » (D Recently used -
> B9 Project Home v DB Manager Installed Plugins » @ Cartography
> [6] Home 7 Geometry Checker . » @ Database
» [ F— % GRASS 7 nge you only see plugins mst_alled on your QGIS. » @ File tools
» [7 DA (New Volume) GRASS GIS id Click on the name to see details. » @ GPS
» £\ (New Vol Ve [k Er Click the checkbox or double-click the name to activate or ~ .
[77 E\ (New Volume) Install from ZIP V@ MetaSearch Catalog Clie deactivate the plugin. » @ Interpolation
» [ FA (New Volume) « OfflineEditing You can change the sorting via the context menu (right click). » @ Layer tools
» [J G\ (New Volume) - #’ Settings & OrfeoToolbox provider » @ Mesh
A LA £Amans LOAY e |3 Processing » (@ Network analysis
e V| @ QuickMapServices » @ Plots
v R -RAL ¥ 13 QuickOSM » () Raster analvsis =4
» = Accessibility V| SAGA GIS provider Search QMS @®
» ¥ Density ‘#® Topology Checker Search string...
' - Dlvers.(ty Filter by extent‘ All N
v |V B Urbanity Level ————
Band 1 (Gray) Last used:
M Very Low Google Satellite Hybrid
7 Low ” TMS details, report a problem o) Add
In-Between Low
In-Between Medium ESRI Gray (hght) ® [ Add
. TMS details, report a problem '
In-Between High
M Medium ™0
penStreetMap
W High Upgrade All Uninstall Plugin Reinstall Plugin TMS details, report a problem o) Add
Close Help ‘
-
¥
Download geodata for your project
Q_ Type to locate (Ctrl+K) Coordinate | 80.6200,7.9168 | Scale|1:75761  ~ | @@ Magnifier| 100% % | Rotation |0.0° %V Render @epsciaze @

Figure 44 —Plugin Window

47



Teaching & Learning Manual
Step-by-Step Guide: Urbanity Level Analysis with QGIS

4. Inthere, first go to the settings.

5. Then tick on Show also experimental plugins and Show also deprecated plugins.

Q Plugins | Settings

e Al Check for updates on startup

e

E ] Installed every time QGIS starts N

Note: If this function is enabled, QGIS wil inform you whenever a new plugin or plugin update is

Not i 1l ; ) i e . i : i
izl avaiable. Otherwise, fetching repositories wil be performed during opening of the Plugin Manager

.\: New window.
v v/ Show also experimental plugins

Install from ZIP
Note: Experimental plugins are generally unsuitable for production use. These plugins are in early

4 @ Settings stages of development, and should be considered ‘incomplete’ or 'proof of concept' tools. QGIS
does not recommend instaling these plugins unless you intend to use them fr~ testing purposes.

¥ /| Show also deprecated plugins 5

Note: Deprecated plugins are generally unsuitable for production use. These plugins are
unmaintained, and should be considered 'obsolete’ tools. QGIS does not recommend instaling these
plugins unless you stil need it and there are no other alternatives avaiable.

Plugin Repositories

Status Name URL
@ connected QGIS Official Plugin Repository https://plugins.qgis.org/plugins/plugins.xml?qgis=

4 »

Reload Repository Add... Edit... Delete

Close Help

Figure 45 -Setting
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6. Thengo to all.

7. In the search bar, search for the Rater Attribute Table plugin and select it.

8. Click on the install plugin to install the raster attribute table plugin.

(2 Plugins | All (1559)

X

|‘AII 6 |

re
E ] Installed

Not installed

i‘ New

Install from ZIP

# Settings

Figure 46 — Install Plugin

() rasterattribute 7

% RasterAttributeTable

@‘I‘his plugin is deprecated
RasterAttributeTable

Display and manage Raster Attribute Tables.

Display and manage Raster Attribute Tables.

7777777 7% 12 rating vote(s), 25038 downloads

More info homepage bug tracker coc
Author Alessandro Pasotti

Available version (stable) 1.2 updated at Wed Sep 28 1
GMT

4 4

\

Upgrade All 8 ' Install Plugin

Close Help
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Then it will install the plugin.

() rasterattribute

e
B ] Installed .

Not installed

f‘ New

Install from ZIP

# Settings

(2 QGIS Python Plugin Installer

Installing plugin: RasterAttributeTable

Downloading data...

41%

‘ Abort

@This plugin is deprecated

. RasterAttributeTable

X
ar Attribute Tables.

te Tables.

‘5038 downloads
lepage bug tracker coc
ssandro Pasotti

updated at Wed Sep 28 1
r

4 4
Upgrade All Install Plugin

Close Help

Figure 47 — Plugin Installer
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ii. Getting numerical values for the urbanity categories using the raster attribute table.
1. Atfter installing the plugin, right-click the urbanity level raster layer.
2. Click on the open attribute table in there and now you can open the attribute table of the urbanity level raster.

@ *urbanityl — QGIS . X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
= ™ es [dm 7 ~ e e =L .
DR U2 HNPPR LB tIOR -O-R-0 @ T = v
V” VA — Y @& o) a ?
ﬂ @ a ﬂ: L) Ha‘a 5D Zoom to Layer(s) L [ = @‘@‘@ > .
IN I .‘E‘ px 2 Show in Overview
Copy Layer
e i cons o
Browser ) ename Layer Processing Toolbox [CIE)
LRT®HO 1 Zoom to Native Resolution (100%) e O N
{:( Favarites Stretch Using Current Extent ‘ Q_ search...
» % Spatial Bookmarks Open Attribute Table » (O Recently used =
» [¥ Project Home B Duplicate Layer » @ Cartography
» (4] Home 0 » @ Database
[\ Remove Layer... » @ File tools
» [ DA (New Volume) Move to Top » (@ GPS
» [ EA\ (New Volume) Change Data Source... » @ Interpolation
» [7] FA (New Volume) R » @ Layer tools
» [ G\ (New Volume) Set Layer Scale Visibility... » @ Mesh
A LS £8ensmun DD Layer CRS 4 » ( Network analysis
Layers » @ Plot:
) Export > ots |
v Bl e RE-RAD » () Raster analvsis I
>
» = Accessibility Styles Search QMS e®
» & Density Add Layer Notes... |search string... |
- — Rrpperties... |Filter by extent | | Al v |
[ Urbanity Level ‘l
Band-HGrayr Last used:
M Very Low 1 WeoogleSateiteHybrid [add |
W Low "l TMS details, report a problem O
In-Between Low
- . ESRI Gray (light)
In-Between M_edlum - TMS details, report a problem b4 ‘ jadd ‘
In-Between High
I Medium
7 OpenStreetMap
B High TMS details, report a problem o | Add ‘

‘ Q_ Type to locate (Ctrl+K) ‘

Figure 48 p Getting numerical values for the urbanity categories
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This is the raster attribute table of the urbanity level raster layer.

Raster band | Band 1
RAT Color Value

1
2 #99cce2
3| #cfe9d7
4| #ffffbf

5 #fdbabe
6

7

Figure 49 -Raster Layer Attribute

-~

(o) BN ¥, B S VS I S

Count Class
8910 0

13707 1
11582 2
12257 3
7138 4
4140 5
2770 6

Classification | Class

R
44

153
207
255
253
237
215

123
204
233
255
186
110

25

M ‘ Classify
A
182 255
226 255
215 255
191 255
110 255
67 255
28 255

Alama
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3. Inthe raster attribute table, there are 7 categories, and we have to get pixel values for those seven categories. So, by looking at the seven classes

of urbanity level which we categorized in the symbology panel and the raster attribute table value we can take relevant counts for seven classes.

NEBRE
BV A wmER

9 12 $px
- & symbology
o) i
’X L@ Transparency
Browser =
QRT®HO Histogram
Favorites

Q‘/ Rendering

» I Spatial Bookmarks
» [# Project Home

» [&8) Home

» I CA

» [ DA (New Volume)
» [77 E\ (New Volume)

» [7 F\ (New Volume)

» [] G\ (New Volume)

A DT LA ZAmava LD
Layers

v 3 e T

3 = Accessibility
» = Density
»
-

a Temporal

#& Pyramids

a\ Metadata

Legend

=% QGIS Server

A = )

= Diversity
V| B Urbanity Level
Band 1 (Gray)

. 5.61

L 0.99

Q Type to locate (Ctrl+K)

Figure 50 - Raster attribute table

Symbology

] w Band Rendering

Render type | Singleband pseudocolor ¥

Band Band 1 (Gray)
Min 0.99 Max
» Min / Max Value Settings
Interpolation Linear
Color ramp [
Label unit suffix
Label precision 4
Value Color Label

0.99 Very Low

176 ‘ ‘ Low

3

253 In-Between Low

33 In-Between Medium

4.0700001 In-Between High
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\
Val Col Label .
alue olor abel ’Q A
0.99 . Very Low #
1.76 Low Raster band | Band 1 v
RAT Color Value = Count Class
2.53 In-Between Low 1_ 0 8910 0
2 #99cce2 1 13707 1
33 In-Between Medium 3 #cfe9d7 2 11582 2
4| #ffffbf 3 12257 3
4.0700001 In-Between High
5 #fdbabe 4 7138 4
4.8400001 Medium 6_ > 4140)5

5.6100001 . High

Figure 52 - raster
attribute table

Figure 51 Raster Attribute Table

So, Figure A shows the urbanity level categories and Figure B shows the seven classes in the raster attribute table. Now we have to get the relevant count for
each urbanity level category by looking at the above two figures. Especially urbanity level categories mentioned in step 6 in 3.1 are also used for categorization
here.

As an example, the pixel count which belongs to the very low category is 8910 and the pixel count which belongs to the low category is 13707. So according to
that you can open the Microsoft Excel Worksheet and insert those pixel counts in the raster attribute table relevant to the seven classes of urbanity for easy

understanding and graph making.
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4. Now open the Microsoft Excel worksheet and insert only the urbanity level and pixel count columns into that worksheet.

Review

‘ {7 Comments | ‘ & Share v‘

View Automate Help
- AutoSum v
S | E O eIy O
- Fill v :
= = . . 0 0 .00 Conditional Formatas Cell Insert Delete Format Sort & Find &
= [&] Merge & Center $v% 9 % B Formatting Table v Styles - S v & Clear~ Filter v Select v
Alignment N Number N Styles Cells Editing
E F G H J K L M N (¢] P Q R

Add-ins

Analyze
Data

Add-ins ~

[»]

File Home Insert Page Layout Formulas Data
& Cut Aptos Narrow ~ 1 VAT A
Paste E@Copy v I U~ . O A
v § Format Painter - —
Clipboard N Font N
B13 v S
A B C |
1 |Urbanity Level Count
2 |Very Low 8910
3 |Low 13707
4 |In-Between Low 11582
5 |In-Between Medium 12257
6 |In-Between High 7138
7 |Medium 4140
8 |High 2770
9
10
11
12 |
13
14
15 |
16 |
17
18
19|
20 |
21
22
23 |
24 |
25

Kl

Figure 53 Microsoft Excel Worksheet
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5. Then you can get the sum of the total count and put it under the table

6. Get the percentage value of each urbanity level and add it to a new column.

A B C

1 |Urbanity Level Count Percentage

2 |Very Low 8910 14.73
3 |Low 13707 22.65
4 |In-Between Low 11582 19.14
5 |In-Between Medium 12257 20.26
6 In-Between High 7138 11.80
7 |Medium 4140 6.84
8 High 2770 4.58
9 5 60504

Figure 54 - Percentage value of each urbanity level

Very Low Percentage = (22559/62831) *100

Sum of the total count = 22559 + 23703 + 11236 + 4119 + 879 + 317 + 18

Percentage = (Count of an urbanity level/Total sum of counts) *100
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ili. After getting pixel counts for each urbanity level, make the graphs for the urbanity level.

1. In the Excel worksheet, hide the count column by right clicking the column and then clicking on hide.

File Home Insert Page layout Formulas Data Review View Automate Help
?& Lt Aptos Narrow == E e 25, Wrap Text General
[BCopy ~
Baste === == . .0
v < Format Painter B I U = = = = 3= [EMerge & Center $ % 9
Clipboard = Font ~ Alignment = Number
B1 v S Aptos Ni ¥ |11 AN % 9E
= L <0 .00
A B BI=SC-A-H-RAS | 4y J K
1 |Urbanity Level Count In
Search the menus
2 |Very Low
3 [Low X Cut
4 |In-Between Low @ copy
5 |In-Between Medium [B Ppaste Options:
6 |In-Between High F [‘/_\,‘
7 |Medium 0 (=
8 |High Paste Special...
9 Insert
10
11 Delete
iz Clear Contents
13
14 El Format Cells...
> Column Width...
16
17 Hide
18
Tnhide
19
20
21
22
23
24
25
26
27
| Sheet1 ®

Figure 55 - Hide the count column
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Q R S T U \' !

57



Teaching & Learning Manual
Step-by-Step Guide: Urbanity Level Analysis with QGIS

2. Go to the insert panel in the Excel worksheet.
3. Then click on Insert Column or bar charts.

4. Now click on more column charts.

File Home | Insert I Page Layout Formulas Data Review View Automate <] | & Comments | \ 2 Share ~ |
By B FH | bl IO shapes ~ & SmartArt I:h’) | di~|EH- M @& EF= | [[[l'l == hI f\: =) i - <~ | TUEquation ~
¢ =l T [ -
E ﬁ . tg Icons g;, Screenshot v 1 S - - n Dt‘? © S Q v () symbol
PivotTable Recomme 2 : Pictures Recommended| < P ¢olumn 3D Line Column Win/ Slicer Timeline Link Comment Text Header
v PivotTable v €D 3D Models ~ Charts Map v Loss v Box & Footer 2
Tables lllustrations. ”]l[l]- \-E_H M Tours Sparklines Filters Links Comments Text Symbols A~
B1 - f Count v
3-D Column i
A C D | E F | G L | M N | o | P Q | R S | T U \ [+ ]
1 |Urbanity Level Percentage Jﬂm J@ﬁ, l@_ﬂ, Jﬂm
2 |Very Low 14.73
3 |Low 22.65 2-D Bar
4 |In-Between Low 19.14 g % E
5 |In-Between Medium 20.26
6 |In-Between High 11.80 3.D Bar
7 [Medium 6.84
8 |High 4.58 % % %
9
::? | u]ﬂ More Column Charts...
12
13
14 4
15
16
17
18
19
20
21
22
23
24
25 ~]

Figure 56 -Add Charts
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5. Select the data cells in the Excel worksheet.
6. Then select funnel charts under the more chart options and click ok. Now you can create a funnel chart that shows the percentage of urbanity level

in the selected area.

File Home Insert Page Layout Formulas Data Review View Automate Help \ 7 Comments \ | & share v\
=] =] I?) Shapes v 23 SmartArt ? diiv Hv M~ =] + A~ TU Equation ~
i B & I QR ErEE BE e A
. J ) ?5 Icons @i Screenshot ¥ 90‘ v dlh vy B . . . - .t ) z v Q Symbol
PivotTable Recommended Table Pictures Recommended p ) Maps PivotChart 3D Line Column Win/ Slicer Timeline Link Comment Text Header
v PivotTables v D 3DModels ~ Charts & e L e v v Map v Loss v Box & Footer E:l
Tables lllustrat] | Filters. Links Comments Text Symbols ~
Insert Chart ? X
Al v S Urbanity Leve!
Recommended Charts Al Charts
A C F Q R S T u v w X [4]
¥ Recent 1 T ]
Urbanity Level Percentage B Templates E
Very Low | 35.90 lln column
Low | 37.73 P Line Funnel
In-Between Low 17.88 ® rie ChartTitle
In-Between Medium 6.56 S
In-Between High 1.40 M Area
. S8 XY )
Medium 0.50 E XY (Seatten .
A Map
High 0.03 ek
= it Stock oh
10 5 ﬁ Surface
117 @ Radar L |
12 Eﬁ Treemap
13 @ Sunburst
::‘;7 ||j];l Histogram
16| 3% Box & Whisker
17| Waterfall
18|
19 |
20
21
22 |
23
247 6 oK Cancel
] "o ]
26
- ]
Sheetl [ @ [«] | [»]
Ready ﬁ?( Accessibility: Investigate Average: 4495.071429  Count: 24  Sum: 62931 ﬂ E] -——F——+ 100%

Figure 57 - Add Charts
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Now you can get the funnel chart of the urbanity level.

[ {7 Comments ] [ 12 Share v]

File Home Insert Page Layout Formulas Data Review View Automate Help

ool = = - AutoS v
Ij);CUt Aptos Narrow v 1 v‘ A A = Ig ‘0‘7“' EBWrap Text General v m @ @ g E):( @ E utosum év p EE ?@-‘z
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In-Between High 11.80

Medium 6.84 Low

3
4

5

6 _

7 _
8 |High 4.58

9 In_Bemeen Low _
10|

1 _
12|

E _

In-Between Medium

In-Between High

& Medium

al High

N
<

« » |Sheet1 Sheet2 @ q
Ready  §% Accessibility: Investigate H -+ 100%

Figure 58 - funnel chart
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7. To identify the degree of balance in urbanity levels, add a new column to the Excel table named Level of balance. Degree of balance can be

categorized into three classes balanced with low values, unbalanced with mixed values, and balanced with high values. According to the degree of

balance, very low and low urbanity levels belong to the balanced with low values and in-between low, in-between medium and in-between high

urbanity levels belong to the category of unbalanced with mixed values. Following the same process medium and high urbanity levels belong to the

category of balanced with high values.

Source - Yu Ye, Akkelies van Nes. (2014). Quantitative tools in urban morphology: combining space syntax,. 23.

A C D
1 |Urbanity Level Count Percentage Level of balance
2 Very Low 8910 14.73| Balanced with low
3 Low 13707 22,65 values
4 In-Between Low 11582 19.14

Unbalanced with mixed

5 |In-Between Medium 12257 20.26 values
6 In-Between High 7138 11.80
7 Medium 4140 6.84| Balancedwith high
8 High 2770 4.58 values
9 60504

Figure 59 -Level of Balance
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8. Now you can add another column to the table and sum up the relevant percentages of urbanity level to fill the total percentage of the level of balance

in three categories.

Total Percentage = sum of the percentage values of same level of balance category

Total percentage of balanced with low values = percentage of very low level + percentage of low level

o ~N o U B W N

A C D E

Urbanity Level Count Percentage Level of balance Total Percentage
Very Low 8910 14.73| Balancedwith |

ry a ancel with low 3738
Low 13707 22.65 vaiues
In-Between Low 11582 19.14

Unbalanced with mixed
In-Between Medium 12257 20.26 values 51.2
In-Between High 7138 11.80
Medium 4140 6.84| Balancedwith high 11.49
High 2770 4.58 values
60504

Figure 60 -Total Percentage
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Then you can modify the funnel chart by adding the degree of balance as well.

Percentage of Urbanity Levelin Dambulla Municipal Area

Very Low

Low

In-Between Low

In-Between Medium

Urbanity Level

In-Between High

Figure 61 Percentage of Urbanity Level and Balanced Values

Balanced with low values

37.38%

Unbalanced with mixed
values

51.20%

Balanced with high values

11.42%
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6. PREPARATION OF THE MAPS

—

ok~ oD

7.
8.
9.

Use Suitable Colors & Symbols
Show adjacent administration boundaries.

Maximum utilization of map space

Show the Graticule Network with appropriate grid size.

Show the basic elements in the map.
a. Transportation Networks
b. Water Bodies
Prepare a descriptive map.
a. Label notable features.
i. Major Road Types
i. Major Rivers

ii. GN Boundaries

iv. If needed, show the location of the area in a different data frame.

Check the units of the scale bar.
Mention correct units at the legend.

Check the text given in the legend.

10. Mention the correct sources.
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Examples

[

Maximum utilization of map space

Wetlands in Colombe Metro Region

'Map 1.2.3.(C). I.1. Wetland in Study area
ource: Digitizing Using GIS data

Mention the correct sources.
Figure 62 Incorrect formats of maps

Legend
[ | Moratuwa2
[ pso11im

(jColombo metrc B 1717 - 1,950

region B 1,950-2.103
W sreams | 12,183-2415
ary 2415.2.048
2,648- 2,881
170080 000 250 009420 000£50 0 =

X

Check the units of the scale bar.

sl b o LA
15

15 17 18 ]

01,25R500 5,000 Unknown Units

Check the text given in the legend.
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