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Teaching & Learning Manual
Step-by-Step Guide: Identifying Urban Boundaries and Urban Hierarchy based on Nighttime Light Images

Description

This manual serves as an essential educational resource 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 manual, 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 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.
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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. MAPPING PROCESS

1. Data Preprocessing ! 2. Urban Boundary i: 3. Urban Hierarchy
" Delineation f Identification

Download Nighttime
Light Image
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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=CLuSZB95ly0 https://www.youtube.com/watch?v=kCnNWYyI9gSE
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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
[1, 1/2, 1/3,...1/10]

60. 0 | Loop 1 (Head) 020 (Tai ) Class1

o | B [1, 172, 1/3] [1/4, 1/5,.1/10]
B
-
20.0 3 f
S Loop 2 @ 0.61 m Class 2
0.0 - . A Sttt |
/ /
" ” " - [1] Class 3 [1/2, 1/3]
Figure 2 - lllustration of the Head/ Tail divisions (Jiang, 2013) Figure 3 - Nature of heavy-tailed distribution
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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/

ane9” X  [@ VIRS Nighttime Light

c 25 eogdata.min ju/pro nl/

@ Gmail > YouTube & Maps [Eg EarthExplorer

le recommends setting Chrome as default (SRR CI Y

Earth Observation Group Payne Institute Nighttime Light ¥ VBD ~ VNF~¥  Special Topics Resources¥ @ & ¥ &
Introduction
Annual VNL V2
DNB
lannual global VIIRS nighttime lights has been produced Composite
from monthly cloud-free average radiance grids spanning 2012* to 2020. The new methodology is a FR—
modification of the original method based on nightly data (Annual VNL V1) vi
* For 2012 annual VNL V2, there are two sets. (A) 201204-201212, and (B) 201204-201303. Only set (B) Annual VN
has masked median and average, as well as lit area mask. Ve
Nightly DNB
In both methods there is an initial filtering to remove sunlit, moonlit and cloudy pixels, leading to Mosaic and
rough composites that contains lights, fires, aurora and background. In the original method, the rough Cloud
annual composites are made from a full year of nightly DNB data. In the new method, the rough Nightly DNB
composites are made on monthly increments and then combined to form rough annual composites. Profile and
Both methods employ outlier removal to discard biomass burning pixels and isolate the background Analysis
In the original method the outlier removal is performed on scattergrams generated for each 15 arc g“”\”‘JL“d
second grid cell, with outliers clipped off from both the high and low radiance sides of the scattergram Study
The discard of outlier pixels proceeds until the scattergram’s standard deviation stabilizes. The new
method uses the twelve-month median radiance to discard high and low radiance outliers, filtering out For Artists
most fires and isolating the background. Background areas are zeroed out in both methods using the Lumen

data range (DR) calculated from 3x3 grid cells. In both methods, the DR threshold for background is Watch

0} Nearrecord

Figure 4 - Interface of the webpage (1)
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Step 1.2: Click on the “Go to Download V2.2” button.

e 1 Fwd: VIIRS - vindiseneviratne9 X (® VIIRS Nighttime Light

X 25 eogdata.mines.edu/products/vnl/

@Gmail » YouTube & Maps EarthExplorer LearnOrg-Moodle: L...

9 Google recommends setting Chrome as default Set as default

Earth Observation Group Payne Institute Nighttime Light ¥ VBD VNF ¥ Special Topics Resources ¥ [ v &

Introduction

Monthly
DNB
Composite

Annual VNL
Vi

Annual VNL
V2

Nightly DNB
Mosaic and
Cloud

Reference Nightly DNB
Profile and

Elvidge, C.D, Zhizhin, M., Ghosh T., Hsu FC, Taneja J. Annual time series of global VIIRS nighttime lights
Analysis

derived from monthly averages:2012 to 2019. Remote Sensing 2021, 13(5), p.922,
doi:10.3390/rs13050922 Country and

—— City VNL

Go to Download V2 Go to Download V2.1 Go to Download V2.2 Study

* The latest update is VNL v2.2. Please find the ‘readme’ for all the versions of Annual VNL v2 HERE For Artists

Lumen
pecifications Watch

https://eogdata.mines.edu/nighttime_light/annual/v22/

421 PM
8 Nearrecord A ® ) 7Z Y

L Type here to search 5/4/2024

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 @ 1 Fwd: VIIRS - vindiseneviratneS X E VIIRS Nighttime Light Index of /nighttime_light/annu: X o=

C 25 eogdata.mines.edu/nighttime_light/annual/v22/

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

nighttime_light > annual

Name Last modified
|| 2022/

https://eogdata.mines.edu/nighttime_light/annual/v22/2023/
422 PM ‘:\
5/4/2024

&8 O Type here to search : i N 3 Nearrecord A = Q) 7

Figure 6 - Interface of the directed webpage (1)
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For this analysis, “VNL_npp_2023_global_vcmslcfg_v2_c202402081600.average_masked.dat.tif.gz” image (for the year 2023) was downloaded.

@ 1 Fwd: VIIRS - vindiseneviratneg X ﬂ VIIRS Nighttime Light Index of /nighttime_light/annu: X o F

< C 25 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

VNL_npp_2023_global_vemslcfg_v2_c202402081600.average.dat tif.gz

VNL npp_2023_global vcmslcfg v2_c202402081600.cf cvg.dat.tif.gz

VNL _npp_2023_global_vcmslcfg_v2_c202402081600.cvg.dat tif. gz
VNL_npp_2023_global_vcmslcfg_v2_c202402081600.maximum.dat.tif.gz

VNL npp_2023_global_vcmslcfg_v2_c202402081600.median.dat.tif.gz

VNL npp_2023_global vcmslcfg_v2_c202402081600.median_masked.dat tif.gz
VNL_npp_2023_global_vcmslcfg_v2_c202402081600.minimum.dat.tif.gz

VNL v22_npp_2023_global_vcmslcfg_c202402131000.lit_mask.dat.tif.gz

https://eogdata.mines.edu/nighttime_light/annual/v22/2023/VNL_npp_2023_global_vcmslcfg_v2_c202402081600.average_masked.dat.tif.gz

. 423 PM
BB © Type here to search f % M x3 wi £ > » @ ~r & @& 91°F Mostlysunny A~ = 9) 7Z 5/4/2024 0l

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.

* Untitled Project — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP Processing Help

D BRX O=pen
LAY AY 1"
g~ 0O~
Browser @®
LT *0
Favorites -
Sl Raster Layer... kmarks
9 (Ctrl+Shift+R)
(+] L
/;’ » 0Dy
LN
@ » @ GeoPackage
'o 3 / SpatiaLite
' PostgreSQL
@ i SAP HANA
% MS SO Server A
= Advanced Digitizing e®
@
vf N CAD tools are not enabled for the current map tool
Layers e®
« @& T -HADL
Q@ O x Ready

Figure 8 - The user interface of the QGIS software
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s &
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T

o Y g

s =]
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Cartography
Database
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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.
Q Untitled Project — QGIS - o

NEEBRRY 2N RIABSLIOS & =H: ~-=-

B@VoZawBR i B QAR 2/ 9-¢R B 4

o r® -
-0~ W Data e Manager | Raster Q E \:\ X o.010000 3 EE »

Advanced Digitizing o® % GPS GEOREF_SOURCES Raster analysis

Raster creation

Browser Processing Toolbox @®
prowser

Vo lmevae - % a2 N
'D Favorites . Vector ®) File Protocol: HTTP(S), cloud, etc. Q_ search..
@ 4 ‘ y Spatial Bookmarks Raster © Recently used

S |» [4] Home [#] Source Cartography

-

,3 » 5 G\ (0S) Y% Mesh - Database
f » [ DA * Raster dataset(s) |C:\Users\Dell\Desktop\NTL 2023\VNL_npp_2023_global_vcmslcfg_v2_c202402081600.average_masked.dat.tif L x| File tools

o ~ £ e
W, > B + z’?mtd v Options GPS
. » S" GeoPackage o= Interpolation
'0 - / SpatialLite Delimited Consult GTiff driver help page for detailed ions on options Layer tools
@ @ PostgresaL * Text NUM_THREADS Mesh

S Network analysis

e TS SOl e v REEREEEEEE GEOTIFF KEYS_FLAVOR | <Default> M Plots Y

iolslolslololololslololololo)olole

7 4 P SPARSE_OK <Default> v
\/j N CAD tools are not enabled for the current map tool = Spatialite Raster terrain anal...
Raster tools
Layers e® ¥ Vector analysis
v @ /RO -EBARD Vector creation
Vector general
), Oracle (@ Vector geometry
@ Vector overlay
'!F Virtual @ Vector selection
* Layer (@ Vector table
SAP @ Vector tiles
# HANA & GDAL
= WMS/ » 4% qgis2web
* WMTS - Close » 3% sDNA
AQQ selected layers to map > WS Semi-Automatic C...
Q Type to locate (Ctrl+K) Ready Coordinate | 0.519°, -1.541° % Scale| 329390 ¥ | (@& Magnifier 100% < | Rotation | 0.0° %! V! Render €2 EPSG:4326 Q

429 PM
5/4/2024 D

L Type here to search i F " N HighUv A = 4) €

Figure 9 - Interface of the Data Source Manager | Raster dialog box
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Figure 10 shows the imported Nighttime Light Image in the QGIS map.
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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?

(C) Sri Lanka - Subnational Admir X P

< c 25 data.humdata.org/da d-ab-lka?

@© Gmail » YouTube © Maps [E EarthExplorer Learr

DOWNLOADS
Data and Resources Metadata

NO DATA

RELATED SHOWCASES
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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
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Sri Lanka administrative level 4 names discrepancies table. See caveats.
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Modified: 22 August 2022

{ ¥ DOWNLOAD
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Try viewing this page in HDX Lite (beta)
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Figure 11 - Download the Sri Lankan boundary shapefile
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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.
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Figure 12 - Extract the downloaded zip file 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 15 shows the imported vector layer (Sri Lankan boundary) in the QGIS map.

(R *HT Breaks — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh SCP Processing Help

DEBREY O@L2LHAPP M A LOOR @ EXRZE-=-6

BV AZAREBW / = ¢ o @ 8 @

— a ~ —
T v RE-N Lo p/[0-i® &, e
Browser @®
Vo IR T*O
| -
o Favorites -
» (0 Spatial Bookmarks
& » | ¥ Project Home
95 » 8] Home
//: » C\ (0S)
4 D\
B hoe
y &
m:; = ﬁ Geol?ackage
P / Spatialite -
(&) —
A\A Advanced Digitizing @®
=5
YA

CAD tools are not enabled for the current map tool

Layers e®
v @l @ RE A AD
Ika admbnda adm0
v V| = VNL_npp_2023_global_vcmslcfg v2_

Band 1 (Gray)
8,061.854492

Figure 15 - Imported Sri Lankan layer

et e (c Coordinate | 87.8°, 35.9° | Y Scale 1797360 ~

@ Magnifier| 100% S| Rotation

0°F Mostly sunny

MDY Y] o |4

B o.010000 |5 »

Processing Toolbox @®
* A, %

v

Recently used
(2} Cartography
(.} Database

(2 File tools

@ GPS

(2 Interpolation
(2 Layer tools
(Y Mesh

(2 Network analysis

(2 Plots

(. Raster analysis

(. Raster creation

Raster terrain analysis

(2 Raster tools

(3 Vector analysis

(.} Vector creation

(2 Vector general

(.} Vector geometry

(3 Vector overlay

(2 Vector selection

(. Vector table

(. Vector tiles

& GDAL

qgis2web

sDNA

Semi-Automatic Classification Plugin

2

0.0° +| VI Render @epscia3e @

11:53 AM

i) @ 5/15/2024

22



Teaching & Learning Manual
Step-by-Step Guide: Identifying Urban Boundaries and Urban Hierarchy based on Nighttime Light Images

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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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.

() *HT Breaks — QGIS
Project Edit View Layer Settings Plugins Vecto

0 BR® U@ 2 L7
BV, A2 wmBEA

Database Web Mesh SCP Processing Help
¥ T A
Raster Calculator... EI 0 ¢ D A g E

Align Rasters... |
abe by (@b
, ", e &

Analysis
ERE ®
- ﬁ%/&\om: g o.0t0000 3 [ »

Processing Toolbox @®

Projections

. N — q
Miscellaneous A-NI1I7 4 7 [T

Browser

\/; 127 @ Conversion Clip Raster by Mask Layer... * oA,
:"L Favorites = @ Contour...
%Z » I? Spatial Bookmarks Recently used
9“ » | ¥ Project Home (. Cartography
(3] » @] Home (.} Database
/: 4 C\ (0S) (. File tools
’ vﬂ » Dy Q@ Gps

-+ 4 E\ X1 I

» @ GeoPackage @ Interpolation

mu i / ’ (2 Layer tools
— 7 Spatialite (2} Mesh
g @ PostgreSQL (2 Network analysis
@ i SAD HANA (2 Plots

Advanced Digitizing ! Raster analysis

P Py
4] (.} Raster creation
Vo~ (@ Raster terrain anal...

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

Layers @® (@ Vector analysis
< A = S (@ Vector creation
- SriLanka (2 Vector general

( Vector geometry
(. Vector overlay

(.} Vector selection

(.} Vector table

(. Vector tiles

R GDAL

qgis2web

sDNA

{7} Semi-Automatic C...

v || i VNL_npp_2023_global_vcmslcfg_v2_c202402081600
Band 1 (Gray)
8,061.854492

[z
“

Ctrl+ Coordinate| 9.499°, 80.75° | Scale[495569 ¥ | f@ Magnifier| 100% </ Rotation 0.0° ¢V Render @eprsciazze @

88 O Type here to search = 4 Mostly sunny
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26



Teaching & Learning Manual
Step-by-Step Guide: Identifying Urban Boundaries and Urban Hierarchy based on Nighttime Light Images

BRRY Lo HPD

@gﬂw/tﬁ@zm Y

o 0.010000 |5 [ »

@y 97
Browser (& Processing Toolbox @®
QRYTO # \
g Favorites Parameters | Log se
4 Spatial Bookmarks » ) Recently used
» [¥ Project Home Input layer » (Q Cartography
4 i)- Home :-' VNL_npp_2023_global_vcmslcfg_v2_c202402081600.average_masked.dat [EPSG:4326] » (2 Database
[ | EI\\(OS) Mask layer » (@ File tools
N .
: » @ GPS
N E\ SriLanka [EPSG:5234] o )
< 3 » (X Interpolation
4 lﬁ Geol?ac!(age - es only > (. Layer tools
f Spatialite Source CRS [optional] > ( Mesh
@ PostgreSQL » (2} Network analysis
i qap uAA‘mAAA — » @ Plots
Advanced Digitizing @ Target CRS [optional] » (Q Raster analysis
» (2 Raster creation
CAD tools are not enabled for the current map tool Target extent [optional] > (Q Raster terrain anal...
» (2 Raster tools
Layers (=] Mk Sk » (Q Vector analysis
@ ®§ R EF AL Assign a specified nodata value to output bands [optional] » (. Vector creation
v D SriLanka Not set » (. Vector general
v s » ! Vector geomet
V| = VNL_npp_2023_global_vcmslcfg_v2_c20240208160 Create an output alpha band « 9 y
Band 1 (Gray) > (Q Vector overlay
8,061.854492 V| Match the extent of the clipped raster to the extent of the mask layer » (2 Vector selection
Keep resolution of input raster » (. Vector table
» ) il
Set output file resolution >\ Vector tiles
» & GDAL
15 X Resolution to output bands [optional] » qgis2web
» sDNA
» Semi-Automatic C...
Advanced ¥ | |Run as Batch Process...
4 >
pe to locate (Ctrl+K Coordinate| 5.851°, 80.881° | ¥ Scale 495569 ¥ | f@ Magnifier| 100% /| Rotation |0.0° %!V Render @epsciazze @

Type here to search 90°F Mostly suni

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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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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Step 2

First Head/Tail classification

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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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)
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Step 3.2: Then fill the dialog box as in the following figure and run the dialog box.
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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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Figure 30 - Attribute table of the vector layer
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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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Figure 32 - Extract the ‘Head’ section from the layer (2)
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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 35 - Extract the ‘Head’ section from the layer (4)
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Figure 36 shows the exported vector shapefile in the QGIS map.
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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 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.

Second Head/Tail breaks application:
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Figure 41 - Get mean value for the second Head/Tail breaks application
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Figure 43 - Second HT classification with the use of Raster Calculator
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Figure 44 - Selected ‘Head’ section from the second Head/Tail classification (Raster image)
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Identified ‘Head’ section/ Urban Boundaries extraction:
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Figure 45 - Convert the raster image into to vector file (1)
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Figure 46 - Convert the raster image into to vector file (2)
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Figure 48 - Extract ‘Head’ section of the second HT classification (1)
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Figure 49 - Extract ‘Head’ section of the second HT classification (2)
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Figure 50 - Extract ‘Head’ section of the second HT classification (3)
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Figure 51 shows the 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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Then the calculated areas of urban clusters can be seen in the attribute table.
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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 55 - Convert polygons into points (1)
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Figure 56 - Convert polygons into points (2)
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Figure 57 shows the generated centroids of the urban clusters.
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Figure 57 - 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” - “Basic Statistics for Fields”.
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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
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Then, right click on the points layer and access “Export” 2 “Save Selected Features As...” and export the selected points from the first head/tail classification.
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Then the selected centroids layer can be seen in the map.
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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 64 - Mean area value of the centroids
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Figure 65 - Second Head/Tail classification
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Figure 66 - Export the selected points
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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 69 - Mean area value of the centroids
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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
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Step 7:

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
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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.

ok~ oD

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
i. Major Rivers

ii. 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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Check the text given in the legend.

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