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PREFACE

This book serves as open educational material for both undergraduate and postgraduate degree
programs, offering a detailed, step-by-step guide to Identifying Urban Boundaries and Urban
Hierarchy based on Nighttime Light Image and Head/Tail Divisions. 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 book, readers will find comprehensive instructions on using GIS software to analyze
geospatial data and interpreting this data to Identify urban boundaries and urban hierarchy which
leads to Identifying the dynamic nature of urbanizing processes. The book 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.
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Although there have been plenty of methods to delineate urban boundaries, most of the methods
are contained within significant limitations. The most common limitation of Existing Urban Boundary
Delineation Methods is failing to capture the actual functional and spatial boundaries of the cities.
To mitigate limitations of existing boundary delineation methods, the topological approach which is

based on the head/tail division rule is applied in this study to identify urban boundaries and urban
hierarchy in Sri Lanka.
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1. Data Preprocessing

Download Nighttime
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Figure 1 - Mapping Process
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2. REQUIRED SOFTWARE

QGIS Software

\GIS

QGIS is a geographic information system software that is free and open source. For the mapping Purposes this study Used Q GIS. It supports viewing, editing,

Version: QGIS 3.36 or later

printing, and analysis of geospatial data in a range of data formats.

Installation: Available for Windows, macOS, Linux

How to install QGIS on a Windows 10 compute Video tutorial of QGIS for Absolute Beginners

https://www.youtube.com/watch?v=CLuSZB95Iy0 https://www.youtube.com/watch?v=kCnNWYyI9qSE
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3. HEAD/ TAIL DIVISION RULE FOR TOPOLOGICAL REPRESENTATION

The Head/ Tail division rule is a data classification technique that is used in cartography and data visualization for heavy-tailed (heavily right-skewed) data
distribution. The nature of heavy-tailed distributions is, that there are far more small belongings than large ones (Figure 1). For a better illustration and division
of heavy-tailed data distribution, the head/ tail classification technique was developed in the year 2011 by Prof. Bin Jiang (Jiang, 2013). It's designed to determine
the optimal breakpoints for dividing a dataset into classes or categories based on the natural clustering of data values. Therefore, the head/ tail division rule
can be applied to both urban boundary delineation and urban hierarchy identification.

The idea behind Head/Tail Breaks is to identify sub-classes in the data distribution where there are significant jumps or breaks, separating the "head" and the
"tail" in a way that maximizes the differences between classes. The “head” contains the values higher than the mean value of the data distribution while the
“tail” contains the values lower than the mean value of the data distribution. The head/ tail break application can be used recursively, as the breakings continue
until the “head” section values no longer exhibit a heavy-tailed distribution or the head percentage becomes greater than 40%. (Jiang, 2013). The resulting
breaks help create classes that highlight the natural grouping or clustering of data values while making it easier to visualize hierarchical patterns and differences
in the dataset (Jiang, 2013). Figure 2 illustrates an example of the Head/ Tail break method application in a recursive manner.

' Data
L
100. 0 [1 12 13 1.'10]
B0. 0
60. 0 Loop 1 @ 0.29 m Class 1
o [1, 172, 1/3] [1/4, 1/5,..1/10}
.6
20,0 3 2
o Loop 2 ‘Iab 0.61 ‘ﬁ. Class 2
0.0 - ' J Raaae : :
0 20 10 60 80 100 120 [1] Class 3 [1'2 1"3]
Figure 2 - lllustration of the Head/ Tail divisions (Jiang, 2013) Figure 3 - Nature of heavy-tailed distribution

Jiang, B. (2013). Head/tail breaks: A new classification scheme for data with a heavy-tailed distribution. The Professional Geographer, 65(3), 482-494.
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4. STEPS

4. 1 Data Preprocessing

The dataset utilized for the analysis is Nighttime Light Imagery (NTL) data, which was collected from the Visible and Infrared Imaging Suite (VIIRS) from NASA
Earth Data Explorer. The data was gathered for the year 2023.

Step 1
Download Nighttime Light Image

Step 1.1: For this analysis, the nighttime light image was downloaded from the “Annual VNL V2" data collection from NASA Earth Data Explorer. Using the
given link, access the “Annual VNL V2” webpage. https://eogdata.mines.edu/products/vnl/

Earth Observation Group Payne Institute Nighttime Light *  VBD VNF * Special Topics ~ Resources == a

Annual VNL V2

Figure 4 - Interface of the webpage (1)
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https://eogdata.mines.edu/products/vnl/

Step 1.2: Click on the “Go to Download V2.2” button.

@ 1 Fwd: VIIR iseneviratned b3 (@ VIIRS Nighttime Light

X 2% eogdata.mines.edu/products/vnl/

©Gmai| » YouTube & Maps EarthE:f.pIorer LearnOrg-Moodle: L...

7 Google recommends setting Chrome as default Set as default

Earth Observation Group Payne Institute Nighttime Light ~ VBD VNF ~ Special Topics Resources ¥ B4 L &

Introduction

Monthly
DNB

Compoaosite

Annual VNL
V1

Annual VNL

V2

Nightly DNB

Mosaic and

Cloud
Reference Nightly DNB
Elvidge, C.D, Zhizhin, M., Ghosh T., Hsu FC, Taneja J. Annual time series of global VIIRS nighttime lights P"C'fl”e.md
derived from monthly averages:2012 to 2019. Remote Sensing 2021, 13(5), p.922, Anass
doi10.3390/rs13050922 Country and

City VNL

Go to Download V2 J| Go to Download V2.1 Study

* The latest update is VNL v2.2. Please find the ‘readifie ual VNL v2 HERE For Artists

Lumen
specifications Watch

; N 421PM
8 Near record m ) 7 5/4/2024 Il

Figure 5 - Interface of the webpage (2)
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Step 1.3: In the directed webpage, select the year and download the nighttime light image.

v e 1 Fwd: VIIRS - vindiseneviratned X E VIIRS Nighttime Light Index of /nighttime_light/annu: X +

c 2% eogdata.mines.edu/nighttime_light/annual/v22/

@ Gmail » YouTube & Maps EarthExplorer LearnOrg-Moodle: L...
P Google recommends setting Chrome as default Set as default

nighttime_light > annual

Name Last modified
| | 2022/

B Near record

Figure 6 - Interface of the directed webpage (1)

For this analysis, “VNL_npp_2023_global_vcmslcfg_v2 ¢c202402081600.average _masked.dat.tif.gz” image (for the year 2023) was downloaded.
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VIIRS - vindiseneviratned X E VIIRS Nighttime Light ' Index of /nighttime_light/annu: X =

<« c 2% eogdata.mines.edu/nighttime_light/annual/v22/2023/

@ Gmail » YouTube & Maps EarthExplorer LearnOrg-Moodle: L...
9 Google recommends setting Chrome as default Set as default

nighttime light > annual > v22

Name Last modified

VNL_npp_2023_global_vcmslcfg_v2_c202402081600.average.dat tif.gz

VNL_npp_2023_global_vcmslcfg_v2_c202402081600.cvg.dat tif.gz
VNL_npp_2023_global_vcmslcfg_v2_c202402081600.maximum.dattif.gz

VNL npp_2023 global vemslcfg v2 c202402081600.median.dat tif. gz

VNL npp_2023 global vemslcfg v2 c202402081600.median_masked.dat tif.gz
VNL_npp_2023_global_vcmslcfg_v2_c202402081600.minimum.dat.tif. gz

VNL_v22_npp_2023_global_vemslcfg_c202402131000.lit_mask dat tif.gz

ogdata.mil 1/nighttime_lig|

4:23 PM D
5/4/2024

O Type here to search i 3 & orr Mostly sunny

Figure 7 - Interface of the directed webpage (2)
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Step 2

Import downloaded Nighttime Light Image into QGIS map.

Step 2.1: Open QGIS software and access the ‘Add Raster Layer’ dialog box on the left side of the interface.

Project Ednylew Layer Settings Plugins Vector Raster Database Web Mesh SCP Progessing Help
DNeBREY Oppel Ailba LUOR & =% = v
LL YA Y e =

Ty~ O~ PR I:fu{‘é g T [T~ W % B2 0010000 |3 »
Browser e® Processing Toolbox B8
Vo nevme

-+ Favorites =
1 -
& | Addaster Layer...| "™ ecently used
(Ctrishift+R) @ Cartography
= = (@ Database
DA Q@ File tools

L =YY

M | @ GeoPackage

Q . /7 Spatialite
PostgreSQL

@ AP HANA

% W 1S O Carver ~2

(\;’a Advanced Digitizing B®

(:

Vo~

»
»

»

»

» Q@ GRS

» @ Interpolation

» (@ Layer tools

» (@ Mesh

b G Network analysis
» Q@ Plots

» (2 Raster analysis

» (2 Raster creation
» @ Raster terrain anal...
»

»

»

»

»

»

»

»

»

»

»

»

»

CAD tools are not enabled for the current map tool
@ Raster tools

@ Vector analysis
@ Vector creation
() Vector general
@) Vector geometry
@ Vector overlay
@ Vector selection
@ Vector table

Q@ Vector tiles

R GDAL

- qgis2web

- sDNA

2 Semi-Automatic C...

Layers e®
¢« @ =T | 2= ot

% Rotation |0.0° % V| Render @epsciaize @

B Highuv A @ ke

Q7 o X Ready Coordinate| 0.26° -1.487° | §§ scale|320300 v | @ Magnifier 100%

5/4/2024

Figure 8 - The user interface of the QGIS software
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Step 2.2: In the ‘Data Source Manager | Raster’ dialog box, give the file location path of the downloaded nighttime light image and add the image to the map.

I EBRRK [T LL8
®eV.ZmBD

QR 2R/ 92-O® =
N px r
L E B ™ 0010000 |=[0E »

IQ] e Dv e Data Source Manager | Raster
Processing Toolbox @=

wrowse o= [
V. [oerme waDE b4
Favorites Nl vector ® File () Protocol: HTTP(S), cloud, etc. Q_ Search...
" Spatial Bookmarks » (1) Recently used
[&] Home » (@ Cartography
= v (0s) » (@ Database
i‘“ DA\ » @ File tools
BN » @ Gps
" GeoPackage - e » (@ Interpolation
2 f Spatialite Delimited Consult GTiff driver help page for detailed explanations on options ¥ (@ Layer tools
@ W Postgresal * Text NUM THREADS > G Mesh
» fipci?'i?mm - \‘ﬂ EEEls GEOTIFF KEYS_FLAVOR | <Default> - > Q Network analyss
% » @ Plots
(‘;’3 Advanced Digitizing Gl GEOREF_SOURCES » ( Raster analysis
} = SPARSE_OK <Default> - » @ Raster creation
e CAD tools are not enabled for the current map tool > @ Raster terain anal...
> Q Raster tools
Layers a® » (@ Vector analysis
o 4 & T P MS SQL » (& Vector creation
#* Server » Q Vector general
), Oracle » (@ Vector geometry
¥ (@ Vector overlay
b (@ Vector selection
» () Vector table
» ) Vector tiles
»
»
Close »
ders to map '
-

Q_ Type to locate (Ctrl+) Ready Coordinate | 0.519°, -1.541° ¥ Scale[320300 ~ | @ Magnifier 100% %! Ratation |0.0° 4| V| Render Sersciazze @

High UV

Figure 9 - Interface of the Data Source Manager | Raster dialog box

Figure 10 shows the imported Nighttime Light Image in the QGIS map.




Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP Processing Help

DeERE:E O HPPP A LGR @ - HI -=-§
BV / 4 B0 5 = =
i e I e 6 & ® b
@ 9 AR RS RIS s & ::
Browser (&)
VS IR THO
:'.D Favorites -
@Z » (10 Spatial Bookmarks
© > [&) Home
% oy
s |» D\
o
:/a 4 E\
3}5 » @ GeoPackage
@ - f Spatialite
p ? @ PostgreSQL
]
@ W A< SO1 Sorver
P Advanced Digitizing BE
]
AVARS

CAD tools are not enabled for the current map tool
Layers
~ V| = VNL npp 2023 global vemslefg v2 c202402081600

Band 1 (Gray)
8,061.854492

-

Coordinate -76.2°, -75.4° % Scale 1030400 ¥ | g Magnifier| 100% ~ | Rotation | 0.0°

i Ready

here to sea

90°F Mostly sunn

= q)

| DistRRGINIE minfiEs

Processing Toolbox @@

= A N

-} Recently used
() Cartography

(¥ Database

(2 File tools

(&} GPS

(2 Interpolation

( Layer tools

(&} Mesh

(&} Network analysis
(2} Plots

(2 Raster analysis
(&} Raster creation
(¥ Raster terrain anal...
(2} Raster tools

(&} Vector analysis
(&} Vector creation
(& Vector general
(.} Vector geometry
(& Vector overlay
(&} Vector selection
(&} Vector table

(&} Vector tiles

m GDAL

qgis2web

sDNA
Semi-Automatic C.

% V| Render epsciazze @

430 PM
5/4/2024

Figure 10 - Imported raster layer in the map
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Step 3
Extract nighttime light image into Sri Lankan (Case study boundary) extent

To extract the raster image into the case study boundary (Sri Lankan extent), download the case study boundary shapefile and import the layer into the QGIS
map. Then, extract nighttime light image into Sri Lankan extent as shown in the following steps.

Step 3.1: Download the Sri Lankan boundary shapefile using the given link. https://data.humdata.org/dataset/cod-ab-lka?

DOWNLOADS
Data and Resources Metadata

NO DATA

RELATED SHOWCASES

LKA_AdminBoundaries_TabularData.xlsx (2.7M)
Modified: 12 July 2023

There are no showcases for this dataset. { ¥ DOWNLOAD

Sri Lanka administrative level 0-4 gazetteer
ACTIVITY

Ika_adm_20220816_SHP.zip (140.0M)

) ¥ DOWNLOAD
Modified: 19 August 2022 -

Sri Lanka administrative level 0-4 shapefiles

lka_adm_20220816.gdb.zip (150.3M)

- [ ¥ DOWNLOAD
Modified: 19 August 2022

Sri Lanka administrative level 0-4 geodatabase

Admin4d_EN_SI_Conflicts.xlsx (861.4K)

N [ ¥ DOWNLOAD
Modified: 19 August 2022

Sri Lanka administrative level 4 names discrepancies table. See caveats.

COD_External/LKA_EN (MapServer)
Modified: 22 August 2022

[ ¥ DOWNLOAD

This map service contains OCHA Common Operational Datasets for Sri Lanka
Administrative Boundaries.

Try viewing this page in HDX Lite (beta) X
-recommended for mobile and low bandwidth connections
itchi nb from tl i

o 2 2 L
90°F Mostly sunny 3 1) S Eﬁ [ /]

Figure 11 - Download the Sri Lankan boundary shapefile
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https://data.humdata.org/dataset/cod-ab-lka

Step 3.2: Right click on the downloaded zip file and click on the “Extract Here” option. Then the extracted files can be seen in the same folder.

Home

v

# Quick a
i Desktop
Downloads

E Documents

W New folder

n on 4

W 1cPuom
OneDrive

5 This PC
W 3D Objects

E Documents
Downloads

Music

- Local Di:

- Local Di:

W Network

This PC

Con ed Folder Tools
Downloads
Name
Today (1)
1B Ika_adm_20220816_shp
Earlier this month (.
Last month (2)

A long time ago

6 items | 1item selected 139 MB |

Figure 12 - Extract the downloaded zip file
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Date modified

5/15/2024 11:25 AM
‘Open
Share with Skype
Edit with PyCharm Community Edition
Share files via SHAREit
Open with WinRAR

Extract Here

Scan with Microsoft Defender...
Share

Open with

Give access to

Restore previous versions
Send to

Cut

Copy

Create shortcut
Delete

Rename

Properties

ﬁ Documents
B Pictures

M Head Tail
W New folder
M Season4
n

TCP UOM
OneDrive
= This PC

M 3D Objects

E Documents
Downloads
Music

B Pictur
Videos

e OS (

- Local Disl

- Local D

o Network

Share View

This PC

Downloads

Com d Folder Tools

Downloads

Name

. Ika_admbnda_adm:
| ] lka_admbnda_adm2_sls:
. Ika_admbnda_adm
. Ika_admbnda_adm .
o Ilka_admbndt_adminUnitLookup.dbf
J"Ika_ar.!mbnr.i[.)_ar.irm’-\LL_ |_itos_20220¢
o Ika_admbndl_admALL_slsd_itos_202201
) Ika_admbnda_adm4 slsd_2022081
o Ika_admbnda_adm3_slsd_20220!
o Ika_admbnda_adm:
o Ika_admbnda_adm
o Ika_admbnda_adm0
| ] Ika_admbndt_adminUni
. Ika_admbndp_admALL
B 1ka_admbndl_admALL_slsd_j
| ] lka_admbnda_adm4_slsd_20220816.dbf
. Ika_admbnda_adm:
<a_admbnda_adm?2_slsd_20220816.dbf
dmbnda_adm_slsd_20220816.dbf
dmbnda_adm
dmbndt_adminUnitLookup.cpg
dmbndp_admALL _: 0s_20220¢
dmbndl_admALl
_admbnda_adm:
dmbnda_adm3 s
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Figure 13 - Extracted files
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Step 3.3: Click on the ‘Add Vector Layer’ dialog box on the left side of the interface. In the ‘Data Source Manager | Vector’ dialog box, give the file location path

of the boundary shapefile and add the layer to the map.
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Figure 14 - Add Sri Lankan vector layer
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Figure 15 shows the imported vector layer (Sri Lankan boundary) in the QGIS map.
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Step 3.4: For ease of the identification, rename the layer. To do that, right click on the imported boundary layer and click on “Rename Layer”.
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Figure 16 - Rename the imported layer (1)

Rename the layer as “SriLanka”.
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To see the zoomed view of the imported boundary layer, right-click on the name of the layer and click on the “Zoom the Layer(s)” option.

The zoomed view of the boundary layer can be seen in the map as in below figure 19.
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Step 3.5: To extract the Nighttime Light Image into the case study (Sri Lankan) extent, go to the “Raster” tab, click on “Extraction” and click on the “Clip Raster

by Mask Layer”. Then select the Nighttime Light Image as the “Input layer” and the case study boundary layer as the “Mask layer” and, “Run” the dialog box.
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Figure 20 - Extract the Nighttime Light Image into the case study extent (1)
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Figure 21 - Extract the Nighttime Light Image into the case study extent (2)
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Figure 22 shows the extracted Nighttime Light Image in the QGIS map.
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Figure 22 - Extracted Nighttime Light Image
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4.2 Urban Boundary Delineation

In this analysis, urban boundary delineation is mainly based on the Head/Tail division technique. According to previous studies, urban boundaries can be
generated based on the second head/tail classification when using Nighttime Light data as the input (Ren et al., 2024).

Step 1:
Identify the mean value of the pixel distribution.

The head/tail divisions depend on the mean value of the data distribution. To do that, identify the mean value of the pixels by right-clicking on the Nighttime light
layer and accessing “Layer Properties”. In the “Information” tab, the mean value of the data distribution can be found. Then copy the value.
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Figure 23 - Mean value identification

Ren, Z., Seipel, S., & Jiang, B. (2024). A topology-based approach to identifying urban centers in America using multi-source geospatial big data. Computers, Environment and Urban Systems, 107, 102045.
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Step 2.1: In the “Raster” tab, click on the “Raster Calculator” option.
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Figure 24 - Raster calculator
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In the raster calculator, select the nighttime light image raster band and complete the expression.

Nighttime Light band >= Mean value of the data distribution

(This is the first head/tail break classification in the study. Here, the values that are higher than the mean value of the data distribution are categorized as the

“head” part while the values lower than the mean value of the data distribution are categorized as the “tail” part.)
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Step 2.2: On the right side of the dialog box, fill in the output name, location, and output format, and then click on the “OK” button at the bottom of the dialog

box. (To select the nighttime light image, double click on the layer name shown in the top left side of the Raster Calculator.)
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Figure 25 - First HT classification with the use of Raster Calculator

Then, the selected pixels and the generated layer can be seen in the map. In this layer, value 1 (White colour) pixels are the “head” part of the Head/Tail

divisions and value 2 (Black color) pixels are the “tail” part of the Head/Tail divisions.
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Step 3:

Extract the selected ‘Head’ section of the image

Step 3.1: To extract the ‘Head’ section of the image, first convert the raster image into to vector file by accessing the “Raster” tab, “Conversion” and “Polygonize
(Raster to Vector)”.
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Figure 27 - Convert the raster image into to vector file (1)

27|Page



Step 3.2: Then fill the dialog box as in the following figure and run the dialog box.
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Figure 28 - Convert the raster image into to vector file (2)
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Figure 29 shows the generated vector shapefile.
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In the attribute table of the vector layer, the values in the “DN” field are ‘1’ and ‘0’. Value ‘1’ means the “Head” section and value ‘0’ means the “Tail” section.
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Step 3.3: To extract the ‘Head’ section from the layer, access the “Select features using an expression” option at the top of the attribute table.
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Figure 31 - Extract the ‘Head’ section from the layer (1)
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Step 3.4: Type “DN = 1” and click on the “Select Features” box.
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After, the selected areas can be seen on the map in yellow color.
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Step 3.5: Right-click on the vector layer and click on “Export” - “Save Selected Features As...”. Then fill in the ‘Format’, ‘File name’, and file location and,

export the layer as in Figure 35.
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Figure 36 shows the exported vector shapefile in the QGIS map.
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Figure 36 - Exported ‘Head’ section shapefile
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Step 3.6: Click on “Raster” tab - “Extraction” > “Clip Raster by Mask Layer” and clip the nighttime light image by using the newly extracted ‘head section’

shapefile as the mask layer.
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Figure 37 - Clip the NTL image into ‘head section’ shapefile (1)
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Figure 38 - Clip the NTL image into ‘head section’ shapefile (2)
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Figure 39 - Clip the NTL image into ‘head section’ shapefile (3)
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Figure 40 shows the extracted nighttime light image (Selected ‘Head’ part from the first Head/Tail classification).
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Step 4:
Second Head/Tail classification

For the second Head/Tail breaks application, repeat step 1 and step 2 (in the 4.2 Urban Boundary Delineation section). Then extract the urban boundaries by
following the step 3 in the 4.2 Urban Boundary Delineation section.
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Figure 41 - Get mean value for the second Head/Tail breaks application

41|Page

Coordinate| 8.635°, 77.932° | Scale 494809 ~

& magnifier 100%

+| VI Render @epscazze @

) &

512PM
5/4/2024




= *HT Breaks — QGIS
Project Edit View Layer

Settings Plugins Vedii
PeBRRH @ee s
Aev.AmEBER

Processing Help
MO @ %2 R
% =
Bdle e % 6 @ & b G INY [z ox R
RE-T LG M- W E, - | b o\ O D E | DistQRRTIIENES 1iinfiEY

Analysis
Projections

Miscellaneous

Extraction =
Browser ] Processing Toolbox (=]E]
V; OgeT®e Conversion = o,
'ﬂ Favorites =
ﬁg » 7 Spétial Bookmarks » (Y Recently used
» [# Project Home » () Cartography
,D » E Home » (@ Database
% » {:J CA (0S) » (@ File tools
» DA\ b G GPS
[ = » @ Interpolation
'D «~|" Q% GeaPackage » @ Layer tools
@ /7 sSpatialite » (& Mesh
‘ PostgreSQL b (& Network analysis
(i SAD HANA i » (X Plots
(\‘}a Advanced Digitizing @ b () Raster analysis
: % » (3 Raster creation
\jz - () Raster terrain analysis

CAD tools are not enabled for the current map tool
() Raster tools

(@ Vector analysis
(2 Vector creation
(2 Vector general

Layers @®
« 0 ® T |7 3 )

[ HT1_UB (@ Vector geometry
I:‘ HT1_Polygon (@ Vector overlay
v = HT1

(2 Vector table

Band 1 (Gray)
1 () Vector tiles

»
»
»
»
»
»
»
» (3 Vector selection
»
»
»
»
»
»

4w GDAL
qgis2web
sDNA
0 Semi-Automatic Classificatio...
- = NTL
Band 1 (Gray)
17.4932

Coordinate | 5.835°, 79.894° % Scale 1494809 ¥

& Magnifier| 100% % Rotation |0.0° 2| V| Render @epsciazze @

3PM
@ m = & 90°F Mostly sunny  ~ ® ]

5/4/2024
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Figure 45 - Convert the raster image into to vector file (1)
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Figure 49 - Extract ‘Head’ section of the second HT classification (2)
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Figure 51 shows the identified urban boundaries in Sri Lanka.
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Figure 51 - Identified urban boundaries in Sri Lanka
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4.3 Urban Hierarchy Identification
Step 1:

Calculate the polygon areas of identified urban areas

In this analysis, urban hierarchy is based on the polygon area of the urban clusters. For that, click on the “Open field calculator” in the attribute table of the
generated urban area layer. Then fill the dialog box as shown in Figure 53 and click ‘OK’.
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Figure 52 - “Open field calculator” in the attribute table
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Then the calculated areas of urban clusters can be seen in the attribute table.
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Figure 54 - Calculated areas of urban clusters
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Step 2: Convert polygons into points (Centroids) to interpret the hierarchy.

Click on the “Vector” tab > “Geometry Tools” = “Centroids”. Then add the urban boundaries layer as the ‘Input layer’ and run the dialog box.
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Figure 57 shows the generated centroids of the urban clusters.
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Step 3
Get the mean value of the “Area” field.

Step 3.1: To get the mean value of the “Area” field for the Head/Tail classification, click on the “Vector” tab - “Analysis Tools” 2> “Basic Statistics for Fields”.
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Figure 58 - “Basic Statistics for Fields” tab
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Step 3.2: Copy the mean value of the “Area” field.
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Step 4
First Head/Tail classification — Select urban clusters which has area greater than the mean value.

Access the Attribute table of the point layer and in the “Select/filter features using form” tab and make the following changes and click on “Select Features”.
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Figure 60 - First Head/Tail classification

Then, right click on the points layer and access “Export” > “Save Selected Features As...” and export the selected points from the first head/tail classification.
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Figure 61 - Save selected centroids layer of the first Head/Tail classification

Then the selected centroids layer can be seen in the map.
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Figure 62 - Selected centroids layer of the first Head/Tail classification
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Step 5:

Continue the Head/Tail classifications (Repeat Step 3 and Step 4) until the point count in the head part becomes 1.

To get the urban hierarchy, the head/ tail brake application can be applied recursively until the number of centroids/ urban areas in the “head” section gets 1.

Second Head/Tail classification.
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Figure 63 - Get basic statistics of the layer
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Figure 67 - Selected centroids layer of the second Head/Tail classification
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Third Head/Tail classification.
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Figure 68 - Get basic statistics of the layer
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Figure 70 - Third Head/Tail classification
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Figure 73 - Selected centroids layer of the third Head/Tail classification
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Step 6:

Rename and re-colour layers as follow.

Head part of the third head/tail classification — Level 1 (Red)
Tail part of the third head/tail classification — Level 2 (Yellow)
Tail part of the second head/tail classification — Level 3 (Green)

Tail part of the first head/tail classification — Level 4 (Blue)

Accordingly, following is the identified urban hierarchy map of Sri Lanka.
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Figure 74 - Identified urban hierarchy map of Sri Lanka

Step 7:
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To compare the generated urban hierarchy with the real ground, add OSM standard layer to the map.
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Figure 75 - Add base layer to the map

Figure 76 shows the identified urban hierarchy in Sri Lanka.
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Figure 76 - Identified urban hierarchy in Sri Lanka with the OSM layer
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5. PREPARATION OF MAPS

—_

Use Suitable Colors & Symbols
Show adjacent administration boundaries.
Maximum utilization of map space

Show the Graticule Network with appropriate grid size.

o N

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

iii. GN Boundaries

v. If needed, show the location of the area in a different data frame.
7. Check the units of the scale bar.

8. Mention correct units at the legend.

9. Check the text given in the legend.

10. Mention the correct sources.
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Examples

Water Bodies & Wetlands In Colomba Metro
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Check the text given in the legend.

Figure 77 - Incorrect formats of maps
Mention the correct sources.

75|Page



AFTERWORD

In a rapidly urbanizing world, understanding the structure and evolution of urban areas is essential for informed planning and policy-making. This

guide offers a practical approach to identifying urban boundaries and hierarchies through innovative use of nighttime light imagery and Head/Tail
Divisions.

We hope this resource empowers students, researchers, and professionals to explore urbanization patterns with clarity and confidence. May it

serve as a stepping stone toward data-driven urban analysis and more sustainable, well-informed development strategies.
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