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Scope and purpose

This guide shows you step-by-step how to create urban hot spot maps.

Urban hot spots are in the context of the present guide understood as locations with rapid
increase of artificial surfaces/built-up areas. The guide shows how to identify and visualize
such locations on maps.

The guide explains the use of open-source software, namely Quantum Geographic
Information System (QGIS) to construct a map displaying the rate of increase of artificial
surfaces in a geographical area over time. Maps are generated in accordance with the land
cover category built-up area of the European Space Agency (ESA) land cover classification,
which corresponds to the land cover category artificial surfaces (which includes urban and
associated areas) of the System of Environmental-Economic Accounting (SEEA).

Note the guide shows how to illustrate gross increases in artificial surfaces; it does not take
into account decreases in artificial surfaces. As decreases in artificial surfaces, i.e.
conversions of artificial surfaces to natural surfaces are rare, this should have minor to no
impact on the resulting illustrations.

The guide takes you through 3 steps:

Step 1:Download the data you want to work with from available open sources — Data
downloading

Step 2:Strip and clean the data downloaded to filter the layers relevant to your chosen
geographical area — Data pre-processing

Step 3:Produce the urban hot spot map — Data processing
These steps should take approximately 4 hours to complete from start to finish.

Before starting step 1, make sure you have QGIS installed on your computer. First time users
can refer to the Appendix for help.

For illustrative purposes, the guide uses select open-source data for a specific geographical
area, the Ganga Brahmaputra River Basin in India. The resulting map is shown on the page
below together with explanations of the involved calculations.

You can generate your own maps, choose other data which suit your purpose and the
geographical area of your interest, and adjust the thresholds for what categorizes an “urban
hot spot”; the guide advises how to do so.

The Appendix to this guide provides a list of open-source datasets that may be useful for your
OWn purposes.

So, let’s get started!

ESCAP Statistics Division 5



Calculations and Maps

Calculations and Maps

To calculate the expansion of artificial surfaces, we used data downloaded from the European
Space Agency (ESA).

The data contains shape files consisting of land cover pixels, each pixel representing an area
of land. The ESA land cover classification distinguishes 31 classes of land cover pixels, and
it ranges from “No Data” to “Permanent Snow and Ice”, represented by a discrete number
between 0 to 220, and a distinct color as seen in the chart below:

0 | No Data n

10 Cropland, rainfed
11 Herbaceous cover
12 Tree or shrub cover
Cropland, irrigated or post-flooding
Mosaic cropland (>50%) / natural vegetation (tree, shrub, herbaceous cover) (<50%)
Mosaic natural vegetation (tree, shrub, herbaceous cover| (>50%) / cropland (<50%)
Tree cover, broadleaved, evergreen, closed to open (>15%)
Tree cover, broadleaved, deciduous, closed to open (>15%)
61 Tree cover, broadieaved, deciduous, closed (>40%)
62 Tree cover, broadieaved, deciduous, open (15-40%) [
Tree cover, needleleaved, evergreen, closed to open (>15%)
71 Tree cover, needieleaved, evergreen, closed (>40%)
72 Tree cover, needieleaved, evergreen, open (15-40%)
80 Tree cover, needieleaved, deciduous, dosed to open (>15%)
81 Tree cover, needieleaved, deciduous, closed (>40%)
82 Tree cover, needleleaved, deciduous, open (15-40%)
90 Tree cover, mixed leaf type (broadleaved and needleleaved)
100 Mosaic tree and shrub (>50%) / herbaceous cover (<50%)
110 Mosaic herbaceous cover (>50%) / tree and shrub (<50%)
120 Shrubland
121 Evergreen shrubland
122 Deciduous shrubland
130 Grassland
140 Lichens and mosses
150 Sparse vegetation (tree, shrub, herbaceous cover) (<15%)

3/8(58|8(8

3

151 Sparse tree (<15%)
152 Sparse shrub (<15%)
153 Sparse herbaceous cover (<15%)

160 Tree cover, flooded, fresh or brakish water

170 | Tree cover, flooded, saline water

180 | Shrub or herbaceous cover, flooded, fresh/saline/brakish water

190 Urban areas

200 Bare areas
201 Consolidated bare areas
202 Unconsolidated bare areas

210 Water bodies

220 | Permanent snow and ice

I

Class 190 represents pixels for built-up areas (urban areas, artificial surfaces) and all other
classes represent pixels for non-built-up areas. For this exercise, the 31 classes are grouped
into 2 classes — built-up and non-built-up areas.

The methodology used in this guide to determine the expansion of artificial surfaces compares
the number of built-up pixels at the beginning and end of a time period; in this example we
compare 1995 with 2015. The rate of expansion is the change in the number of built-up pixels
during the period divided by the number of built-up pixels at the beginning of the period.
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Calculations and Maps

The map below illustrates the expansion of artificial surfaces along the Ganga-Brahmaputra
River Basin during 1995 to 2015. Different levels of expansion are indicated by differences in
colour. The darker the colour, the greater the relative expanse of artificial surfaces during the
period covered. The threshold expansion for an “urban hot spot” can be determined by the
user.

Urban hot-spot map A
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The expansion intervals of the legend on the map was generated using the Natural Breaks
(Jenks) Mode in QGIS. This mode is pre-programmed in QGIS and arranges the rate of
expansion of natural surfaces into natural classes by minimizing the statistical variance of the
rate within classes and maximize the statistical variance of the rate between classes.

QGIS offers other pre-programmed modes which the user may wish to explore, such as Equal
Interval!, Geometric Interval®, Quantile® and Standard Deviation®.

1 The Equal Interval classification method divides the range of values into equal sized ranges.

2 The Geometric Interval classification method divides the range of values based on a geometric progression,
and the class breaks are based on class intervals that have a geometrical series.

3 The Quantile classification method divides the range of values into groups that contain and equal number of
values.

4 The Standard Deviation classification method divides the range of values into class breaks with equal value
ranges that are a proportion of the standard deviation — usually at intervals of one, one-half, one-third or one-
fourth — using mean values and standard deviations from the mean
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Step 1 — Data downloading

Step 1 — Data downloading

In this section, we will show how to download both raster datasets and vector datasets for use
in developing the urban hot spot maps.

1.1 Downloading vector data

We start with downloading the Major River Basins of the World from World Bank, which
provides shape file®> boundaries for all major river basins in the world. Please note that the
Appendix outlines examples of the most frequently used vector data and we encourage you
to investigate these examples.

To download the shape files used in this exercise:

1. Click this link (https://datacatalog.worldbank.org/dataset/major-river-basins-world)

2. Click on the tab “Data & Resources” and click on the “Download” link

3. Save the downloaded data in a folder named “Downloaded Data” or a name of your
choosing in a convenient location on your system

Major River Basins Of The World

[ 7]

DATA ACCESS AND LICENSING @ Back

This dataset is classified as Public
under the Access to Inform

Classification Policy. U
outside the Bank can access

This shapefile contains the major and largest basins of the world.

dataset.

Overview Data & Resources Additional Information Citations
This dataset is licensed under CC-BY

4.0

Major River Basins of the World
SHP

This shapefile contains the major and largest basins of the world.

Resource Type: Dataset

dY [F Preview

E Major River Basins of the World(Feature Service) &
Resource Type: Related Material

Go to Resource &

® 4673

Leaflet | Map data © OpenStreetiap

1.2 Downloading administrative boundaries data

Now we are going to Download Administrative Boundaries data from Diva GIS. Please note
that the Appendix outlines examples of the most frequently used earth observation data and
we encourage you to investigate these examples.

5 The shapefile format is a geospatial vector data format for geographic information system (GIS) software. It is
developed and regulated by Esri as a mostly open specification for data interoperability among Esri and other GIS
software products. The shapefile format can spatially describe vector features: points, lines, and polygons,
representing, for example, water wells, rivers, and lakes. Each item usually has attributes that describe it, such
as name or temperature.

ESCAP Statistics Division 8


https://datacatalog.worldbank.org/dataset/major-river-basins-world
https://datacatalog.worldbank.org/dataset/major-river-basins-world

Step 1 — Data downloading

To download the administrative boundaries data used in this exercise:

1.
2.

Click on the link (https://www.diva-gis.org/gdata)

When the landing page emerges as in the picture below, take the following steps as
seen in the picture below:

click on the Country drop down button and select “India”

click on the Subject drop down button and select “Administrative areas”

click “OK” and save the downloaded file as “IND_adm2.shp” in the folder named
“‘Downloaded Data” (or the name chosen)

DIVA-GIS

free, simple & effective

Download program | Documentation | Free Spatial Data

Home

Download data by country

Select and download free geographic (GIS) data for any country in the world

Country

‘ India O
Subject

Administrative areas @

T

Refresh the landing page, and when the page emerges, repeat the above step with
the change as follows:

click on the Country drop down button and select “Nepal”

click on the Subject drop down button and select “Administrative areas”

click “OK” and save the downloaded file as “NPL_adm2.shp” in the folder named
“‘Downloaded Data” (or the name chosen)

Refresh the landing page, and when the page emerges, repeat the above step with
the change as follows:

click on the Country drop down button and select “Bangladesh”

click on the Subject drop down button and select “Administrative areas”

click “OK” and save the downloaded file as “BGD_adm2.shp” in the folder named
“‘Downloaded Data” (or the name chosen)

Refresh the landing page, and when the page emerges, repeat the above step with
the change as follows:

click on the Country drop down button and select “China”

click on the Subject drop down button and select “Administrative areas”

click “OK” and save the downloaded file as “CHN_adm2.shp” in the folder named
“‘Downloaded Data” (or the name chosen)

Refresh the landing page, and when the page emerges, repeat the above step with
the change as follows:
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Step 1 — Data downloading

click on the Country drop down button and select “Bhutan”

click on the Subject drop down button and select “Administrative areas”

click “OK” and save the downloaded file as “BTN_adml.shp” in the folder named
“‘Downloaded Data” (or the name chosen)

7. Refresh the landing page, and when the page emerges, repeat the above step with
the change as follows:
click on the Country drop down button and select “Myanmar”
click on the Subject drop down button and select “Administrative areas”
click “OK” and save the downloaded file as “MMR_adm2.shp” in the folder named
“‘Downloaded Data” (or the name chosen)

1.3 Downloading land cover data

Now we are going to Download Global land cover data from the European Space Agency
(ESA) with 300-meter resolution, for years 1995 and 2015. Please note that the Appendix
outlines examples of the most frequently used earth observation data and we encourage you
to investigate these examples.

To download the land cover data used in this exercise:
8. Click on the link (http://maps.elie.ucl.ac.be/CCl/viewer/download.php)

9. When the landing page of “The Land Cover CCI Climate Research Data Package
(CRDP)” emerges, you will be prompted to complete the section circled below to
register and download the Global land cover data. Provide Name, Organisation and
a Valid e-mail as these are required fields.

10. After filling the required fields, read the “Terms, conditions and privacy policy” and
check
"I have read and agree...”

11. Click “Validate”
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Step 1 — Data downloading

climate change initiatiu

Land Cover

Data access

Please enter a few details about yourself,
before downloading the requested product.

Name:

QOrganisation:

e-mail:

I have read and agree to the Terms,
conditions and privacy policy.

After clicking “Validate”, a new page will appear from which you download the relevant data

12. Go to Land Cover Maps-v2.0.7 Section
13. Click the link “by_vyear: 24 tif files, 1 band”

2005 and 2010 replace completely the
"v1.6.1 epoch-based" dataset as the annual

Land Cover Maps - v2.0.7 Download product user guide Download quick user guide
24 consistent global land cover maps at 300 m
spatial resolution, on an annual basis from 1992
to 2015. ’ LC map 2015

© 1 tif file, zip compression - 258Mo
The annual LC maps v2.0.7 for years 2000, © 1 netcdf file, zip compression - 2.33Go

LC maps full 1992-2015 serie
LC maps v2.0.7 have been improved both in O 1 tif file, 24 bands, zip compression -

on the UN Land Cover Classification System (LCCS). LCCS classifiers support 300Mo/tif

the representation of the areas stable over 846Mo
time and in the characterization of change. © 1 netcdf file, 24 bands, zip compression -
55.8Go
Each pixel value corresponds to the label of a land cover class defined based by year: 24 tif files, 1 band - approx.

the further conversion into Plant Functional Types distribution required by the

The 24 LC maps series is delivered along with 4 quality flags which document

the products:
snow products

« qualityflag! pixel has been processed or not,

Earth System Models. The typology counts 22 classes ESACCI-LC for Sen2Cor data package
© 54 tif files, zip compression - 5.1Go
Rem: includes LC maps, water bodies v4 and

These maps are derived from a unigue baseline LC map which is generated
thanks to a classification chain applied on the entire MERIS FR and RR © Legend (csv)

archive from 2003 to 2012. © Symbology for ENVI (.dsr)
© symbology for ArcGis (.Iyr
Independently from this baseline, LC changes are detected at 1 km based on @ Symbology for

a time series of annual global classifications generated from AVHRR HRPT
(1992 - 1899), SPOT-Vegetation (1999 - 2012) and PROBA-V (2013 - 2015).
Systematic analysis of the temporal trajectory of each pixel allowed depicting
the major changes for a simplified land cover typology matching the IPCC
classes. These classes are: cropland, forest, grassland, wetlands, settlements
and other lands; the latter class being further split into shrubland, sparse
vegetation, bare area and water.

14. After clicking the link, this window will appear:

ESCAP Statistics Division

« qualityflag2 pixel status as defined by the pre-processing, Quality flags
« qualityflagd number of valid observations available to derive the @ 1 tif file, 4 bands, zip compression -
classification, 2.13Go
« qualityflag4 number of land cover changes detected over the 24 years. Rem: already included in the 24-bands netcdf
These 4 quality flags document the full time series and are not year specific. fite
Legend
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Step 1 — Data downloading

C O O Notsecu

Index of /v207/

® [parent directory]

Date Modified

912517, 7.00.00 AM
17, 7:00:00 AM
17, 7:00.00 AM
18, 7:00.00 AM

Name
_Anno-ESA_ESA__Contribution-10-GEO-LC pdf
Defourny-UCLouvain__Global-annual-LC-time-senes-from-1992-t0-2015 pdf
kmann-BC__CCI-LC-Multi-mission-pre-processing-overview pdf
arche-UCLouvain__LC-change-and-seasonal-dynamics-within-the-CCI-LC-products pdf

ard-JRC__Quality-assessment-of-the-CCI-LC-maps pdf 25/17, 7:00:00 AM
hes-BC__The-CCI-LC-user 7, 7:00.00 AM
s pdf 7:00:00 AM

CCILC-UW n-satellite-denved-LC-information pdf 7, 7:00:00 AM
CCILC-UW 0 lobal: I-LC land-surfac dels pdf 2 7:00:00 AM
CCILC-UWI % he-UCLouva & fi appin; ca-at-20-m-with-Sentinel-2A pdf 10417, 7:00.00 AM
CCILC-UW dda-FAO__C ics pdf 9/25/17, 7:00:00 AM
CCILC-UW 1-UNCCD__Contribution-of-the-CCI-LC-maps-to-UNCCD. pdf 17, 7:00.00 AM

17, 7:00:00 AM
17

CCILC-UWI
CCILC-UW1

\man-PBL__Implementing-CCI-LC-in-the-HYDE-databa
eiller-JRC__Potential-changes-in-the-surface-energy-b
Broadcast mpd
extra_Mackie-OECD_Use-of-CCI-LC-for-per-pixel-change-assessment pdf
CCILC-UW1_20170831 _extra_Weiss-GFW_Use-of-CCI-LC-in-Global-Forest- Watch pdf
ESACCI-LC-L4-ALL-FOR-SEN2COR zip
ESACCI-LC-L4-LCCS-Map-300m-P1Y-19
ESACCI-LC-L4-LCCS-Map-300m-P1Y-19
ESACCI-LC-L4-LCCS-May /19
ESACCI-LC-L4-LCCS-May
ESACCILC-L4-LCCS-Ma
ESACCI-LC-L4-LCCS.-

7:00:00 AM
7:00:00 AM
7:00:00 AM
, 7:00:00 AM
2818, 7:00:00 AM
3/9/17, 7:00.00 AM
7/3/17, 7:00:00 AM
3/13/17, 7:00:00 AM
10/8/18, 7:00:00 AM
3/9/17, 7:00:00 AM
7/3/17, 7:00:00 AM

to-changes-mn-LC pdf

ESACCI-LC-L4-LCCS-May 298 MB 3917, 7.00.00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y- 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y- 208 MB 3/9/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y- 24GB 7/3/17, 7.00.00 AM
ESACCI-LC-L4-LCCS-May 297 MB 3917, 7:00:00 AM
ESACCI-LC-L4-LCCS-May 24GB 7/3/17, 7:00.00 AM
ESACCI-LC-L4-LCCS- 297MB 3/9/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-May 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS. 298 MB 3917, 7.00:00 AM
ESACCI-LC-L4-LCCS. 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS 298 MB 3/9/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-May 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-May 208 MB 3917, 7.00.00 AM
ESACCI-LC-L4-LCCS 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-May 207 MB 3917, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y- 24GB 7/3/17, 7:00:00 AM
FSACCLI LT 41 COS Mo P1Y. 297 MB 3/9/17, 7:00:00 AM

15. In the window, look for the “.tif’® files with the general title of “ESACCI-LC-L4-LCCS-
Map-300m-P1Y” and the years of your choosing. For the exercise done in this guide,
we looked for years 1995 and 2015 as we are comparing expansion of artificial surface
for the 20-year period along the Ganga Bhramaputra River Basin for a 20-year period.

These are: ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7.tif
ESACCI-LC-L4-LCCS-Map-300m-P1Y-2015-v2.0.7.tif

16. Download these files and save them in a convenient folder of your choosing. For this

exercise, we saved the files in a folder named “Downloaded Data”.

You have completed Step 1 — Data downloading! Well done so far!

6 Tagged Image File Format, abbreviated TIFF or TIF, is a computer file format for storing raster graphics
images.

ESCAP Statistics Division
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Step 2 — Data pre-processing

Step 2 — Data pre-processing

After we have downloaded the data, the next action is Data pre-processing done using QGIS.
QGIS is a geographic information system that supports viewing, editing and analysis of

geospatial data.

More information on how to download and install and use QGIS is provided in the Appendix

to this guide.

The steps in this section can be described as trimming the data downloaded and extracting

the data relevant to mapping land cover change.

2.1 Extract Ganges-Brahmaputra River Basin

For this exercise, we created a new folder and named it “Data Pre-Processing”. We encourage

that the user does the same or choose a folder name and location that is convenient.

Open QGIS Desktop with GRASS, and do the following:
1. Click on “Layer”
2. Goto “Add Layer”
3. Select “Add Vector Layer”’

These steps are indicated in the picture shown below:

() Untitled Project — QGIS
Project Edit View

Settings Plugins Vector Raster Datsbase Web Mesh Processing Help

) H 5 [ W Data Source Manager Cerl+L LS~ B =4 T -
eV Create Layer o ; =
Add Layer v| ., Add Vector Layer... Ctrle ShiftV
@~ Embed Layers and Groups.. ¥ Add Raster Layer... Cirle ShiftR
Browser Add from Layer Definition File... ¥ Add Mesh Layer..
O&THO Copy Style 9, Add Delimited Text Layer... Ctrl+Shifts T
Favorites Paste Style B, Add PostGIS Layers.. Cirle ShiftD
v % Spatial Bookmal (o oer % Add Spatialite Layer... Ctrl+Shift+ L
v [5) Home Paste Layer/Group I Add MSSQL Spatial Layer...
: E E: Open ét‘tubutﬁ Table P [, Add DE2 Spatial Layer.. Cirle Shift2
T EN Toggle Editing @, Add Oracle Spatial Layer... Ctrl+Shift+ 0
f: Gewl_’a:kage Save Layer Edits 1] Add/Edit Virtual Layer...
6 ;';‘Zt'gl:‘te Cument Edits @ Add WMS/WMTS Layer... Ctrl Shift-W
P mssoL Sove As.. £EE Add XVZ Layer...
Layers saveds Layer Definition File... Y Add ArcEiS Map Service Layer..

) Add WCS Layer...

) Add WFS Layer..

& Add ArcGIS Feature Service Layer...
EH, Add Vector Tile Layer...

« 0% T [ Remove Layer/Group Cirl+D
Duplicate Layer(s)

Set Scale Visibility of Layer(s)

Set CRS of Layer(s) Ctrl+Shift+C
Set Project CRS from Layer

Layer Properties...

Filter... Ctrl+F
Labeling

Show in Overview

oo Show Allin Overview

Z2 Hide All from Overview

7 Vector layers are, along with raster layers, one of the two basic types of data structures that store data. Vector
layers use the three basic GIS features — lines, points, and polygons — to represent real-world features in digital

format.

ESCAP Statistics Division
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Step 2 — Data pre-processing

4. Next, Click the Browse button L—1 and select the file “Major River Basins in the World”
in .shp file format

5. Click “Open”

6. Click “Add” and close the window

These steps are shown in the picture below:

Q
ST
V7 Vet
e g Vector ® Fle () Drectory () Datbase () Protocol: HTTP(S), doud, etc.
Encoding Automatic -
Source
VectorDatset() |:|
rt
() Open OGR Supported Vector Dataset(s) X
« v 4 | | « Downloads > major_basins_of the world_0_0_0 v O O Search major_basins_of the ...
Organize v New folder B W @
New folder (8) *  Mame Type Size
R-Code [ Major_Basins_of_the_World.dbf DEF File
Reclassify [] Major_Basins_of the World.prj PRI File
& OneDiive [] Major_Basins_of_the World.sbn SBN File
[ Major_Basins_of_the_World.sbx SBX File
[ This PC | ] Major_Basins_of_the_World.shp SHP File 3,
¥ 30D Objects |] Major_Basins_of_the World.shp XML Document
I Desktop | ] Major_Basins_of_the World.shx SHX File
[Z| Documents
B Downloads  « < >
File name: | Major_Basins_of_the_World.shp v‘ All files ~
Close Add Help
| Open | Cancel |

7. Onthe toolbar, click the button “Select”, as outlined in the picture below:

() *Untitled Project - QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
I DEERGRRY O pp  HPRDR . GRER @ L EE®RE =S M-
AQV. /AW 1]

= 4 R oA

8. Inthe map that appears on the Map Panel of the QGIS Interface, click on your chosen
region to highlight it. In this exercise, we clicked to highlight the Ganga Bhramaputra
Basin Admin in Shape File Form (.shp) and an image like the one below appears:
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Step 2 — Data pre-processing

Project Edit View Layer Settings Pluging Vectgr Raster Database Web Mesh Progessing Help
BRm& (O APADE =] LrEoR o E#%s-t

A ®T&-FAO
B Mo B of the Wosd

o

[ «
-

o

4

9. In the left bottom panel (called the layer panel) of the QGIS interface, right click on the
file
“Major River Basins in the World”

10. Select “Export”

11. Select “Save Selected Features As”

These steps are highlighted in the picture below:

Layers [E]E]
@l ® T &~ L

I Major Basins of the World
4! Zoom to Layer
o

=2 Show in Overview

Z
Zoom to Selection

Show Feature Count
Copy Layer
Rename Layer
L] Duplicate Layer
[l Remove Layer...
— Open Attribute Table
4 Toggle Editing
Filter...
Change Data Source,.

Set Layer Scale Visibility...

Set CRS ¢
Save Features As...
Styles k d
Properties... Save as Layer Definition File...

Save as QGIS Layer Style File...
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Step 2 — Data pre-processing

12. Next, select “Browse” and open the folder “Data Pre-Processing” (or the folder that you

chose)

13. Name the File with a name of your choosing. For this exercise, we name it Ganges-

Brahmaputra.shp

As noted in the picture below, please ensure that the “Format” is “ESRI Shapefile”. For
some users, the default is .csv.

14. Click “Save”
15. Click “Ok”
e
Fermat | ESRI Shapefie -
Fiename  C:\Dal g YGange: shel a D
Layer name
G} SaveLayer As CRS EPSG4326 - WGS 84
| + + Local Disk (C) » Data Pre-Processing » N
| Encoding UTF4 - -
1 | Organize = Mew folder e -
98 This PC - b Select fields to export and their export options
B 30 Objects pEACaamY
B Desktop Geometry type Fatomatc
7| Documents
& Downloads Reclassify Ganges-Brshmap
utrashp
b Music
& Pictures p  Extent (current: none)
B video: ¥ Layer Options
i Local Disk (C) RESIZE | MO
-
File name] | Ganges-Brahmaputra .
Save a5 type: | ESRI Shapefile [*shp *.SHP) | b Custom Opticns
 Hide Foldes Cance
FTPPT e

16. In the Layer Panel, right click on “Major River Basins of the World”
17. Click “Remove Layer”

This step has extracted the relevant Ganges-Brahmaputra from the river basin data and has
removed data that is not relevant.

2.2 Extract Admin Boundaries of Ganges-Brahmaputra River Basin

These next steps extract the relevant respective boundaries of the Ganges-Brahmautra
River Basin

1. Click on “Layer”
2. Goto “Add Layer”
3. Select “Add Vector Layer™

8 Vector layers are, along with raster layers, one of the two basic types of data structures that store data. Vector
layers use the three basic GIS features — lines, points, and polygons — to represent real-world features in digital
format.
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Step 2 — Data pre-processing

(2 Untitled Project — QGIS

Settings  Plugins Vector Raster Database Web Mesh Processing Help

Cirl+L L " O o BT =5 T -

Create Layer

Add Layer »| ", Add Vector Layer... Ctrl+Shift+V

T Embed Layers and Groups... .o Add Raster Layer... Ctrl+5hift+R
Browser Add from Layer Definition File... B Add Mesh Layer..
LRETHO Copy Style 9 Add Delimited Text Layer... Ctrl+Shift+T
Favorites Paste Style 'o Add PostGIS Layers... Ctrl+Shift+D
r [* Spatial Bookmal Copy Layer #% Add Spatialite Layer... Ctrl+Shift+L
: % E‘:me Paste Layer/Group R Add MSSOL Spatial Layer...
' ' yer . .
v [ DA Open Attribute Table 6 @% Add DB2 Spatial Layer... Ctrl+Shift+2
v 7 BN Toggle Editing % Add Oracle Spatial Layer... Ctrl+ Shift+ O
f; GeoPackage Save Laver Edite 1] Add/Edit Virtual Layer...
Spatialite B : .
@ postals Current Edits » @ Add WMS/WMTS Layer... Ctrl+ Shift+ W
P pssoL Save As.. 2in Add XYZ Layer...
Layers Save As Layer Definition File... & Add ArcGIS Map Senice Layer..
L m = Y [l Remove Layer/Group Ctrl+D @ Add WCS Layer...

Duplicate Layer(s) (3 Add WFS Layer...

\}.T'a Add ArcGIS Feature Service Layer...
ﬂ Add Vector Tile Layer...

Set Scale Visibility of Layer(s)

Set CRS of Layer(s) Ctrl+Shift+C

Set Project CRS from Layer
Layer Properties...
Filter... Ctrl+F
Labeling
Show in Overview
oo Show All in Overview

2 Hide All from Overview

Next, Click the Browse button and select the file “IND_adm?2” in .shp file format
Again, Click on “Layer”

Go to “Add Layer”

Select “Add Vector Layer”

No gk
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Step 2 — Data pre-processing

8.
9.

10.

11.
12.
13.

14.
15.
16.

17.
18.
19.

20.
21.
22.
23.
24,
25.

26.
27.
28.

() Data Source Manager | Vector

Sl
i

Mesh

Source Type
Delimited Text
* ® Fie Directory Database Frotocol: HTTP(S), doud, etc.
< GeoPackage
4 SRR Encoding Automatic i
7 Spatialite
’m Source
PostgreSOL
* Vector Dataset({s) |C:\Wsers\Aahlaad\Downloads\GIS Tool 2YIND_adm2.shp L]
- Oracle
DBE‘_ DB2
m Virtual Layer
7 s
OGC API - Features
Next, Click the Browse button L—1 and select the file “NPL_adm2” in .shp file format

Click “Open”
Click “Add” and close the window

Again, Click on “Layer”
Go to “Add Layer”
Select “Add Vector Layer”

Next, Click the Browse button =1 and select the file “BGD_adm2” in .shp file format
Click “Open”
Click “Add” and close the window

Again, Click on “Layer”
Go to “Add Layer”
Select “Add Vector Layer”

Next, Click the Browse button L—1 and select the file “CHN_adm2” in .shp file format
Click “Open”

Click “Add” and close the window

Again, Click on “Layer”

Go to “Add Layer”

Select “Add Vector Layer”

Next, Click the Browse button L—1 and select the file “BTN_adm1” in .shp file format
Click “Open”
Click “Add” and close the window
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Step 2 — Data pre-processing

29. Again, Click on “Layer”
30. Go to “Add Layer”
31. Select “Add Vector Layer”

32. Next, Click the Browse button —1 and select the file “MMR_adm2” in .shp file format
33. Click “Open”
34. Click “Add” and close the window

2.3 Merging vector layers in QGIS

In this step, we merge into QGIS the vector files downloaded in the steps above.

1. For first-time QGIS downloads, click the button highlighted in the I:I picture below, as
the Processing Toolbox may not appear automatically

(=} *Untitled Project - QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help

BRERREY 0*@Ee  HPPR LR e : L EERWEI =0 W

(Ctrl+Alt+T)

2. When the Processing Toolbox appears, search for “Merge Vector Layers”
3. Inthe window that appears, complete the Parameters as follows:
a. Input Layer = Select all the Vector Layers saved; as shown in the picture below
“‘IND_adm2”
“‘NPL_adm2”
“‘BGD_adm2”
“CHN_adm2”
“BTN_adm1”
“‘MMR_adm?2”
Click on “OK”
b. Destination CRS [optional] = “Project CRS: EPSG: 4326.WGS84”
c. Merged = Select “Browse” and click “Save to File” and save the file as
“Merged.shp” or a name of your choosing
d. Click “Run”
e. Click “Close” after the Program runs

These steps are shown in the picture shown below:
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Q

Paameters | log
ot e
Destration CRS [eptora]
Project CRS:EPSG:4326-WGS 84
Merged

otz tempoeary lye

V' Open output fle after running aigort

Y "

Run as Batch Process.

* Merge vector layers
= Q@ Vector genenl
The sigonthm conbines multiple vector layers of & Merge vector loyers
- & saGa
Vector general

& Merge vector layers

Q MuRiple selection

V! BGD_adm2 (EPSG:4326]
V| BTN adm1 [EPSGA326]
V| CHA_adem2 (EPSGa326]
V' IND_adm2 (EPSG:4326]
V. MMR_adm? [9SG-4326] Togge Selecton £

V' NPL_sdm2 [EPSG4226) T
Gangs Bheamapetra Bavin (E95G:43
C=)

B, . <

4. Next, Click on “Vector”
5. Go to “Geoprocessing Tools”
6. Select “Clip”

ESCAP Statistics Division
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(2 *Untitled Project - QGIS

BE:®
BREV. 2 W

Browser

DT HO
Favorites

a b [&] Home

M S

el

Project Edit View Layer Settings Plugins REaf]s

T | @

Raster [Databasze

Geoprocessing Tools

Geometry Tools

Analysis Tools
Data Management Tools

Research Tools

Web  Processing Help

@ Convex Hull...
| &' Difference...
P Dissolve...

@' Intersection...
2 Symmetrical Difference...

@ Union...

P Eliminate Selected Polygons...

AR 2

7. In the window that appears, complete the Parameters as follows:

a. Input layer = “Merged [EPSG:4326]"

Click “Run”

~®ooo0CT

Click “Close” after the Program runs

These steps are shown in the picture shown below:

Overlay layer = “Ganga Brahmaputra Basin [EPSG:4326]”
Clipped = Select “Browse” and click “Save to File”
Save File as “Ganga Brahmaputra Basin Admin” (or a name of your choosing)

Q@ clip

Parameters | Log
Input layer
Merged [EPSG:4326]
Selected features only
Qverlay layer
Ganga Bhramaputra Basin [EPSG:4326]
Selected features only
Ciipped
[Create temporary layer]

V| Open output file after running algorithm

Clip

This algorithm dips a vector layer
features of an additional polygon
parts of the features in the Inpu
within the polygons of the Overlay layer will be
added to the resulting layer.

The attributes of the features are not modified,
although properties such as area or length of the

features will be mo lipping operation.
If such properties a attributes, those
attributes will have t

Create Temporary Layer

Save to File...

Save to GeoPackage...
Save to PostGIS Table...

Change File Encoding (System)...

Run as Batch Process.. Run Close H‘d;
2.4 Adding ESA land cover data to QGIS
The next steps add the ESA Global land cover datasets to QGIS:
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Step 2 — Data pre-processing

1. On the QGIS toolbar, click on “Layer”
2. Click on “Add Layer”
3. Select “Add Raster Layer™

I “Untitled Project — QGIS
Project Edit View
a8 1 7 WA Data Source Manager CtrieL

Create Layer

®RQ\V. 4
q‘ Add Layer
M YRy Embed Layers and Groups...
|Browser Add from Layer Definition File...
A2V ®*0 |3 Copy Style
Favorites Paste Style
4 7' Spatial Bookmat Copy Layer
» |6l Home Bt i
» O CA\ aste Layer/Group
» O DA " Open Attribute Table F6
» [ BN J Toggle Editing
@ GeoPackage .
sk Save Layer Edits
V4 Spatialite i ’
’ PostGIS Current Edits
» wmssal Save As...
Layers Save As Layer Definition File...
o @ ® T &, |1 Remove Layer/Group Ctrl+D

L) Duplicate Layer(s)

Set Scale Visibility of Layer(s)

©2 Show in Overview
©o Show All in Overview

©2 Hide All from Overview

Set CRS of Layer(s) Ctrl+ Shift+C
Set Project CRS from Layer
Layer Properties...
Filter... CtrlsF
# Labeling

Settings Plugins Vector Raster Database Web Mesh Progessing Help

R — - S £

B\ Add Vector Layer... Ctrle ShiftV
% Add Raster Layer... Ctri+Shift+R
B! Add Mesh Layer...

9, Add Delimited Text Layer... Ctrl+ ShiftsT
@, Add PostGIS Layers... Ctrl+Shift+D
/4 Add SpatiaLite Layer... Ctrl+Shifts L
B Add MSSQL Spatial Layer...

@3, Add DB2 Spatial Layer... Ctrl+Shift+2
@, Add Oracle Spatial Layer... Ctrl+Shift« 0

WA Add/Edit Virtual Layer...
, | @ Add WMS/WMTS Layer...
E'i Add XYZ Layer...
@ Add ArcGIS Map Service Layer...
@ Add WCS Layer...
W5 Add WFS Layer...
&5 Add ArgGIS Feature Service Layer...
B, Add Vector Tile Layer...

Ctrl+Shift+W

A new window will appear; click on

Select “Download Layer”

No ok

Click “Add”

as illustrated in the picture below

Open “ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7 tif”

9 A raster consists of a matrix of cells (or pixels) organized into rows and columns (or a grid) where each cell
contains a value representing information. Rasters are digital aerial photographs, imagery from satellites, digital

pictures, or even scanned maps.
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Step 2 — Data pre-processing

! File

Source Type

Protocol: HTTP(S), doud, etc.

Raster dataset(s) |D:\ESA\Global Land Cover data\ESACCILC-L4-LCCSMap-300m-P 1Y-1995-v2.0.7.tif

(5} Open GDAL Supported Raster Dataset(s) X
« < [« NewVolume D) » ESA »|Downlozd Layer | 5~ O O Search Download Layer
Organize New folder =~ m @
B 3D Objects  ~
[ Desktop ’ z ’ r
B bocuments v 46 v 46
3 Downlosds B B
B Music ESACCILC-L4-L  ESACCILC-L4-L
& Pictures CC5-Map-300m- CC5-Map-300m-
P1Y-1995-v2.0.7 P1Y-2015-v2.0.7
B videos
2., Local Disk [C:)
= New Volume (D
v
F\lEnar’HE:|ESACC\—LC—LAVLCCSrMap—BDDmrPW—WDBS—VZ‘D.? v| All files ~
==
Close
——

8. Again, click on

as illustrated in the picture above

9. Select “Download Layer”
10. Open “ESACCI-LC-L4-LCCS-Map-300m-P1Y-2015-v2.0.7 tif”

11. Click “Add

2.5

Clipping ESA Global land cover datasets

The next steps add the ESA Global land cover datasets to QGIS, and layers each respective
file with the extracted Ganges-Brahmaputra.shp file

1. Go to the Processing Toolbox, search for “Clip”
2. Select “Clip Raster by Mask Layer”
3. In the window that appears, complete the Parameters as follows:
a. Input Layer = “ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.07.tif" by

clicking the drop-down button

b.
C.
d.
e.
button
f.
g. Click “Run”
h.

Mask Layer = “Ganges-Brahmaputra.shp”
Assign a specified no data value to output bands [optional] = “Not set”

Select “Match the extent of the clipped raster to the extent of the mask layer”
Under “Advanced Parameters” Heading, by Clipped (mask), click Browse

Click “Close” after the Program runs

These steps are outlined in the picture below:

ESCAP Statistics Division
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Step 2 — Data pre-processing

G2 Clip Raster by Mask Layer

Faramaters | Lag

ngut layer
||| s esacoraciac

C5-Map-300m-P 1-1995+2.0. 7 [EP50:4336]

‘Assgn & specified nodata value 1o output bands [optisnal]
Hotset
Create an cutput aha band
| Maakch the extent of the dipped saster 1o the extent of the mask layer
¥eep resohuton of nput raster
Setoutput fe resolitin
X Resosbon o st bands [oosonsl]
ot sat
¥ Resohaton o cutpus bands [optnal]
Hotset
P Advanced Parameters
Cipped mask}

! Open autput fle after runng digerithe
GOALJCGR conscle call
gdatmarn «of GT utine C:\ata 1 shp" < Ganges: op_ta_cutine VEsaCCC: |

R s Batch Frocess

¥ Render B s @

The 1995 Ganges- Brahmaputra River Basin Mask Layer should now appear in the window.

4. Inthe Processing Toolbox, search for “Clip”
5. Select “Clip Raster by Mask Layer”

6. In the window that appears, complete the Parameters as follows:

a. Input Layer = “ESACCI-LC-L4-LCCS-Map-300m-P1Y-2015-v2.07.1if" by
clicking the drop-down button

b. Mask Layer = “Ganges-Brahmaputra.shp”

c. Assign a specified nodata value to output bands [optional] = Set as default

d. Select “Match the extent of the clipped raster to the extent of the mask layer”

e. Under “Advanced Parameters” Heading, by Clipped (mask), click Browse
button

f. Select “Save To File” and name it “Year 2015 Land Cover”

g. Click “Run”

h. Click “Close” after the Program runs

The 2015 Ganges- Brahmaputra River Basin Mask Layer should now appear in the window.

7. In Layer Panel, right click on “ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-
v2.07 tif”

8. Click “Remove Layers”

9. In Layer Panel, right click on “ESACCI-LC-L4-LCCS-Map-300m-P1Y-2015-
v2.07.tif”

10. Click “Remove Layers”

You have completed Step 2 — Data pre-processing! Let’s keep going!
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Step 3 — Data processing and visualization

In this section, we will show how to present the findings of the land cover change analysis via

the following sections:

1. Reclassifying the ESA global land cover data into two types — urban (built-up) and non-
urban (non built-up). Please note that built-up under the ESA land cover classification

is equivalent to artificial surfaces under the SEEA land cover classification.

2. Visualize the urban hot spots and the rate of the expansion of artificial surfaces for the
respective 5-year intervals using maps developed in QGIS

3.1 Converting ESA to urban (built-up) and non-urban (non built-up)

For the purposes of our urban hot-spot mapping, the 31 ESA Classifications are reclassified
into built-up and non-built-up. The resulting conversion is used to illustrate the expansion of
artificial surfaces along the Ganga Brahmaputra River Basin in this guide.

According to the ESA, land cover classification is distinguished into 31 classifications as
shown in the figure below and discrete numbers are assigned to each category, with values
ranging from 0 (“No Data”) to 220 (“Permanent Snow and Ice”).

0 No Data n

10

Cropland, rainfed

11

Herbaceous cover

12

Tree or shrub cover

Cropland, irrigated or post-flooding

Mosaic cropland (>50%) / natural vegetation (tree, shrub, herbaceous cover) (<50%)

Mosaic natural vegetation (tree, shrub, herbaceous cover| (>50%) / cropland (<50%)

Tree cover, broadleaved, evergreen, closed to open (>15%)

818|588

Tree cover, broadleaved, deciduous, closed to open |>15%)

61

Tree cover, broadleaved, deciduous, closed (>40%)

62

Tree cover, broadleaved, deciduous, open (15-40%) |

3

Tree cover, needleleaved, evergreen, closed to open (>15%)

71

Tree cover, needieleaved, evergreen, closed (>40%)

72

Tree cover, needieleaved, evergreen, open (15-40%)

Tree cover, needleleaved, deciduous, dlosed to open (>15%)

81

Tree cover, needleleaved, deciduous, closed (>40%)

82

Tree cover, needleleaved, deciduous, open (15-20%)

Tree cover, mixed leaf type (broad| d and dlel d)

100

Mosaic tree and shrub (>50%) / herbaceous cover (<50%)

110

Mosaic herbaceous cover (>50%) / tree and shrub (<50%)

120

Shrubland

1

122

21

Evergreen shrubland

Deciduous shrubland

130

Grassland

140

Lichens and mosses

150

Sparse vegetation (tree, shrub, herbaceous cover) (<15%)

151

Sparse tree (<15%)

152

Sparse shrub (<15%)

153

Sparse herbaceous cover (<15%)

160

Tree cover, flooded, fresh or brakish water

170

Tree cover, flooded, saline water

180

Shrub or herbaceous cover, flooded, fresh/saline/brakish water

190

Urban areas

Bare areas

201

Consolidated bare areas

202

Unconsolidated bare areas

210

Water bodies

220

Permanent snow and ice

1

There are individual colors assigned to each of the 31 Classifications. Class 190 represents

built-up areas; all other classes represent non-built-up areas.
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The steps in this section show how to simplify the ESA land cover classifications into built-up
and non-built-up to show the rate of expansion of artificial surfaces.

The reclassification is done for all the land cover data downloaded, namely the Year 1995
Land and the Year 2015 Land Cover files.

1. Open “Notepad” (for Windows)
2. Copy Text as follows
Othru180=0
190=1
191 thru 220=0

o gk w

Save as “Built up and non built up” and Close

In the Processing toolbox, search for “reclass” in the Search bar

Select “r.reclass” and a new window appears

In the window that appears, complete the Parameters as follows:
a.
b.

Input Raster Layer = “Year 1995 Land Cover” by clicking the drop-down button
For file containing reclass rules = click the Browse button and look for the
Notepad entitled “Built up and non built up”, as previously saved

Under the “Advanced Parameters” heading, and then under the “Reclassified”
heading, click the Browse button

Select “Save To File” and name it “Year 1995 Reclass” in a new folder entitled
“Reclassify”

Click “Run”

Click “Close” after the Program runs

Now, for the reclassification for the Year 2015 Land Cover Layer:

7. Inthe Processing toolbox, search for “reclass” in the Search bar
8. Select “r.reclass” and a new window appears
9. In the window that appears, complete the Parameters as follows:

a.
b.

Input Raster Layer = “Year 2015 Land Cover” by clicking the drop-down button
For file containing reclass rules = click the Browse button and look for the
Notepad entitled “Built up and non built up”, as previously saved

Under the “Advanced Parameters” heading, and then under the “Reclassified”
heading, click the Browse button

Select “Save To File” and name it “Year 2015 Reclass” in a new folder entitled
“Reclassify”

Click “Run”

Click “Close” after the Program runs

These steps remove the layers that have now become irrelevant and keep only the “Year 1995
Reclass,” “Year 2015 Reclass” and “Ganga Brahmaputra Basin Admin” Layers:

10. In the Layers Panel, right click on all other layers (except the “Year 1995 Reclass,”
“Year 2015 Reclass” and “Ganga Brahmaputra Basin Admin” layers)
11. Click “Remove Layers”
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3.2 Raster Calculator

The next steps show how to make the raster calculation to show the difference in expansion
of artificial surfaces for the time periods being analysed.

1. Inthe Processing toolbox, select “Raster”
2. Select “Raster Calculator”

() *Untitled Project - QGIS
Project Edit View Layer Settings Plugins Vector m Database Web Processing Help
BEEBERE \r: SANCINCRG “%. Raster Calculator... 4] a. 5 B Y =~
: Align Rasters... | _ )
’u@'vf'ﬁ' . = = -'f—@ Lo
Analysis 3!
Projections » i h w g
= Miscellaneous »
B Extraction vi
rowser
o ~ Conversion r
- OETHO :
. Favorites -
,3 » [ Home

3. Inthe window that appears, complete the parameters as follows:
a. Raster Calculator Expression = “Year 2015 Reclass@l1” — “Year 1995
Reclass@1”
b. Result Layer = click “Browse” and save the layer in a location of your choosing
and assign the name “year2015-year1995.tif”
c. Output format = “GeoTiff”
All other parameters are kept as default
e. Click “OK” to see the output difference result

Q

() Raster Calculator *
Raster Bands Result Layer
Vear 1995 Land Cover@1 Output layer C:Wsers\Aahlaad\Downloads\GIS Tool 2\year2015-year 1995, f]
Year 1995 Reclass@1
Year 2015 Land Cover@1 Output format GeoTIFF -2
Year 2015 Reclass@1
Selected Layer Extent
X min 73.19722 - Xmax | 97.59722 -
¥ min 21,55833 - ¥ max | 31.59167 >
Columns | 8784 - Rows | 3612 =
Output CRS EPSG:4326 - WGS 84 >
V| Add result to project
w Operators
+ - sqrt cos sin tan log10 (
/ & acos asin atan In )
< > = 1= <= = AND OR
abs min max
Raster Calculator Expression
"Year 2015 Reclass@l" - "Year 1995 Reclass@l"
Expression valid
QK Cancel Help
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3.3 Summing urban land change pixels

The next steps show how to sum the land cover change pixels to visualize the difference in

expansion of artificial surfaces for the time periods being analysed.

1. Inthe Processing Toolbox, search for “zonal statistics”

2. Inthe window that appears, complete the parameters as follows:
a. Raster layer = “year2015-year1995 [EPSG: 4326]"
b. Raster band = default

c. Vector Layer containing areas = “Ganga Brahmaputra Basin Admin [EPSG:

4326]”
d. Output column prefix = “change_

e. Statistics to calculate = click “Browse” and in the window that appears, select

“Sum” and click “OK”
f. Click “Run”
g. Click “Close” after the Program runs

These steps are shown in the picture below:

L) Zonal Statistics

Raster layer

" year2015-year 1995 [EPSG:4326] =

polygon vector layer,

Raster band

Band 1 {Gray) -
Vector layer containing zones

) Ganga Brahmaputra Basin Admin [EPSG:4326] =
Qutput column prefix

Statistics to calculate

1 options selected D

0%

Run as Batch Process... Run Close

b e
Parameters Log Zonal statistics

Thiz algorithm calculates statistics of a raster
layer for each feature of an overlapping

Help

3. Inthe Processing Toolbox, search for “zonal statistics”

4. In the window that appears, complete the parameters as follows:
a. Raster layer = “Year 1995 Land Cover [EPSG: 4326]”
b. Raster band = default

c. Vector Layer containing areas = “Ganga Brahmaputra Basin Admin [EPSG:

4326]”
d. Output column prefix = “1995

ESCAP Statistics Division
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e. Statistics to calculate = click “Browse” and in the window that appears, select

“Sum” and click “OK”
f. Click “Run”
g. Click “Close” after the Program runs

These steps are shown in the picture below:

Q Zonal Statistics

Parameters Log
Raster layer

" Year 1995Redass [EP5G:4326] -
Raster band

Band 1 (Palette)
Vector layer containing zones

(- Ganga Brahmaputra Basin Admin [EPSG:4326] >

Output column prefix

|1995I |

Statistics to calculate

1 options selected

0%

Run as Batch Process. ..

* | Zonal statistics

This algorithm calculates statistics of a raster
layer for each feature of an overlapping
polygon vector layer.

Cancel

Run | Close Help

5. Inthe Layer Panel, right click on = “Ganga Brahmaputra Basin Admin” and click “Open

Attribute Table” as in the picture below:

B Ganga Brahmaput \)'u Zoom to Layer ﬁ

Zoom to Selection
U'?, Show in Overview
Show Feature Count
Copy Layer
Rename Layer
L] Duplicate Layer
[l Remove Layer...
Move to Top

B Open Attribute Table

loggle Editing
Filter...
Change Data Source..,

Set Layer Scale Visibility...

alue Tool 3¢t CRS '
Export »
Enable
Styles 4
Table Grapl Opti
raph ptions Properties..

Decmals |2
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7.

a. Output field name = “percentage”

Output field length = “10”
Precision = “3”

aooT

6. Inthe new window that appears, click on “Field Calculator” .
In the new window that appears, complete the parameters as follows:

Output field type = “Decimal humber (real)”

Output field type || Decimal number {real)

Output field length] | 10 = | Predsion

3

Expression | Function Editor

d = e - e =~

10 I

Qutput preview: 8.2

Search

= Fields and Values
NULL
123 D
ab< 15O
abc NAME_O
123 |p 1
abe NAME_1
123 |p_2
abc NAME_2
abc TYPE_2
abc ENGTYPE_2
abc NL_NAME 2
abe YARNAME_ 2
abe TYPE_1
abc ENGTYPE_1
abc NL_MAME_1
abc VARNAME_1
123 D
abc |ayer
abc path
1.2 change_sum

+ Files and Paths

F+) & t TE S 0] 2 B =
2 NL_NAME_2 VARNAME_2 TYPE_1 ENGTYPE_1 NL_NAME_1 VARMAME_1 1D layer path 1985sum change_sum
1 () Field Calculator X
E Only update 0 selected features
3 v Create a new field Update existing field
4 Create virtual field
5 Output field name | |percentage

Stores the number of the current rowr.

Current value: 1

=
\5) You are editing information on this layer but the layer is currently not in edit mode. If you dick OK, edit mode will automatically be turned on.

e. Inthe description panel to the left, type the formula "change_sum"/"1995sum"

as shown above
f. Click “OK”

8. Again, click on “Field Calculator” .
9. Select “Update existing field”
10. Click the dropdown button and select “percentage”

11. In the description panel to the left, type the condition “if("percentage”
"percentage")”

12. Click “OK”

These steps are seen in the picture below.
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Q Field Calculator

Only update O selected features

Create a new field v Update existing field

Create virtuzl field

Output field name
1.2 percentage

Output field type | Whole number (integer)

Output field length | 10 Predision 3

Expression

Function Editor

Q Search...

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
Date and Time
Fields and Values
Files and Paths
Fuzzy Matching
General
Geometry

Map Layers
Maps

Math

Operators
Rasters

Record and Attributes
String

Variables

Recent (fieldcalc)

r T rrrrrTrrvryvrvrvrrvrvrovroeoew

Qutput preview: 9.2

Show Help
group aggregates

Contains functions which aggregate values over layers and fields.

Cancel

Help
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Expansion of artificial surfaces — Colors and Labels

We continue with categorizing the rate of expansion of artificial surfaces for the period 1995 —
2015.

The methodology compares the number of built-up pixels (i.e. pixels indicating a built-up area)
at the beginning and end of a time period; in this example we compare 1995 with 2015. The
rate of expansion is then calculated using the change in the number of built-up pixels during
the period and divides it by the number of built-up pixels at the end of the period.

The legend on the map was generated using the Natural Breaks (Jenks) Mode in QGIS. This
method is pre-programmed in QGIS,and arranges the rate of expansion of natural surfaces
into natural classes by minimizing the variance of the rate of increase within classes and
maximizing the statistical variance of increase between classes.

The table below gives the details of the levels of expansion of artificial surfaces according to
the Natural Breaks (Jenks) Mode as seen on the map:

Rate of increase of built-up pixels Level of expansion of artificial
between 1995 and 2015 (%) surfaces (according to Natural
Breaks (Jenks) Mode
0.00 - 3.70 1
3.70-11.00 2
11.00 - 27.30 3
27.30 - 53.00 4
53.00 — 132.00 5

The threshold for what constitutes an “urban hot spot” can be determined by the user.

This section of steps shows how to make the labels and colors to show the expansion of
artificial surfaces.

The Steps to change the colors and labels are as follows:

In Layer Panel, right click on “Ganga Brahmaputra Basin Admin”
Click “Properties”

Click “Symbology”

Click the drop-down button at the top and choose “Graduated”
Under “Value,” click the drop-down button and choose “percentage”
Under “Legend format,” choose “%1 - %2”

Under “Method,” choose “Color ramp”

Under “Mode,” look for “Natural Breaks (Jenks)” in the dropdown box
. Under “Classes,” select 5

10. Click “OK”

©oNoGO~LDN R

These steps are outlined in the picture below:

ESCAP Statistics Division 32



Step 3 — Data processing a

nd visualization

@ Layer Properties - Ganga Brahmaputra Basin Admin | Symbology

d Symbology

€ Labels

% .
4 Diagrams
>
Ny ‘

E Fields

E Attributes Form

;
4 Rendering
Variables

n Metadata
5 Dependencies
"

B vigitizing

Classes | 5 >
Classify g || = Delete All Advanced
| Link dass boundaries
P Layer Rendering
= Style oK. Cancel Apply Help

x

= Graduated -
Walue 1.2 percentage ~ ||l &
Symbal | i

Legend format | %1- %2 %

Color ramp
Classes Histogram

Symbol ™ Values Legend

v [ 0000-3742 0-37%
v [ 372-11000 37-11%
11.000- 27.267 11-273%
27.267-53.000 273-53%
53.000 - 132.000 53- 132 %

<<=
EEE

Mode | 2l Natural Breaks (Jenks) ~

Precision 1 |%| V| Trim

3.4 Mapping expansion of artificial surfaces along the river basin
This set of steps produces the visualization of the urban land cover change using maps:

1. Inthe Toolbar at the top of the page, Click on “Project”
2. Click on “New Print Layout” and the following window will appear

(2 Create print layout Title

Enter a unique print layout title
(a title will be automatically generated if left empty)

X

iHot spot

Cancel

3. Define print Layout Title as “Hot spot” and click “OK”

4. On the new window that appears, on the toolbar to the left, click on “Adds a new Map

to the layout” Izlas highlighted in the picture below:
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Loout Edt View ftems Addlter Atiss Setings

I

Bl B B

e

B2 B P e [ e oy
frerms. i
Tem
Loyas | IrmProperies | Guces
tem Properies e

5. For the map to appear on the white screen, click on the white screen and draw a
rectangle with the cursor. This image below reflects the selection as was made in this

exercise, and yours may appear differently:

Layout Edt View ftems Addftem Atlas Settings

&l

2] -

1item selected

R WP WA MOV SMPSF PEOSRUON JMPPUN P 3 PP PP ST 2 V1 WO 240 PN [ P 2 P < SN =2

Items  UndoHatory
em:

5 @ =

v Map1

Layout | ItemPropertes | Gudes
e Properties
Hap1

RER R ME =

w Main Properties
Scde 7220837
Mep rotation | 0.00*
RS Use progect CRS
¥/ Oran map canvas flems
w Layers
Folow map theme
Lock Byers
Lok seles for s
w Extents
xmn 71685
vmn 18386
Kmax [99.131
¥max |36.286
Controlled by Atlas
b Grds
P Overviews
P Position and Size
P Rotation

b Frame
b V| Background
xZ6S61mn ¥ 12.66620m

page: 1 %6.2% - -

G oe e

86

BE

6. On the toolbar at the left, click on Adds a new Legend to the layout”

in the picture below:
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Tojour Edt View Item: AdaRem Atiss Setings

SR P e

tyou | TiemProetes | qudes | Adss

Item Properties

7. For the legend to appear on the map, click on the map and draw a rectangle with the

cursor, and the following image will appear.

Loyout [d Wiew foms Acdflem Alles Setings
3 B L] LY s & 1 i
# 3]
o Ep— & 2 P P [ R o LEm L Bo Pl B e R [ T
~{ e,
2|2 ® @ fen
e v i <legends
B = v [ Map 1
.| <
&3
2 |7 Loyout | tempropertes | Gudes | At
=2 Item Properies
EE w Hain Properties
1 Tk
Ve Eme 1
wrap et on
Arangement | £ Symbosonleft
B V! Rese o it contents
IE w Legend Ttems
EE v Auto update
3 =
= e
. V¥ s
F ] b3 Vear 2015 Recless
Ganga Brahmaputra Basin Admin |
B [Jo-37%
C37-11% |
B 11-273%
8: W 273-53% | €
3 W s3-12% | Griy shom tems s Irked map
E year2015-year1995 | e Fs e S R
R [0 q
E - | b Fonts and Text Formatting
3
E Year 1995 Reclass | i
I -o » Symbol
x 26883 i 154152 pogei 1 56.2% - -

Multiple legends will appear on the screen, because of the numerous layers listed under
“‘Legend Items”. Following the next steps will remove the extra layers, which will then
remove the extra legends:

8. On the Taskbar to the right of the picture below, click on the tab “ltem Properties” and
click off “Auto update” as highlighted the picture below:
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Loyout dit Wiew lteme Addhem Atles Seffings

2 2 Bl B REEoA L ehGmhs 1 L}
L -]
LR LR O O - N TN N I N )
Bl
&3
EE

|
e G
E {
3 fant
A
E ¢
2ING
E

Ganga Brahmaputra Basin Admin |

[J0-37%
[37-11%
Bi-273%
W 273-51%
W53 -12%

year2015-year1995
il 0

LBl
Year 1995 Reclass
0

|| Tems | UndoHstory
em:
® @ e
v <Legend:
v 11 Map 1

e o [
Item Properties.
e
w Hain Properties
A
Arrangement | £ Symboks an Left

| Resze to fit contents.

w Legend Ttems.
| puto upsste
~ (9 Ganga

x
e
v B Year 1995 Reclass
§ B Vear 207 s

&
Oriy sho items nse rked map.
Oriy shom e s curent ot feature

B Fonts and Text Formatting
» Columns
¥ Symbol

X 16893 vi 1541520 page: 1

9. Highlight all the layers except for the first layer and click the minus button as shown in

the picture below:

Auto update

¥ ) Ganga Brahmaputra Basin Admin

37T-1%
11-273%
273-53%
53-132 %
year2015-year1995

Year 1995 Reclass
Year 2015 Reclass

VA | =]

Update Al

This should result in one legend remaining, which now requires formatting to fit on the screen.

10. To change the title of the legend, under “Legend Items,” double-click on the title

“Ganga Brahmaputra Basin Admin”

11. In the window that appears, change the title from “Ganga Brahmaputra Basin Admin”

to “Expansion of artificial surfaces: 1995 — 2015 [%, total]” as shown in the picture

below:
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Swmay

nErd s
2l
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&

f T
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3 [CJ0-37%
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b Symbol
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12.

o

13. For the scale to appear on the map, click on the map and draw a rectangle with the

cursor, and the following image will appear:

On the toolbar at the left of the interface, click “Adds a new Scale Bar to the layout”

Loyet [t Yow Bemi gdfNem A Settege
(B B RREAEDR R enahe . L
Appucg

g 11 b 4  yPPTATVVTN - APTTPTO) - APPUPORT o JURPPRT] ve79V PRI vy ST PPTH o A v % e TR - TP - 2 e o

5} °
]

Expansion of artificial surfaces: 1995 - 2015 [%, total]
[o-37%
B37-1%
M| n-273%
: B 273-53%
E | EERRErLA

Folow map Peme frone)

o)
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14. On the toolbar at the left of the interface, click “Adds a new North Arrow to the layout”

A

o

15. Click on the top right-hand corner of the map and draw a rectangle with the cursor, and
the north arrow will show on the map similarly to the picture below:

:::::

¢ csss
Ed
§
i
i
¥

Expansion of artificial surfaces: 1995 - 2015 (%, total]
0-37%

0 2% 500 km E37-1%
L SE—] B u-27:3%
W 273-53%
W 53 132 %

16. On the toolbar at the left of the interface, click “Adds a new Title to the layout” IEI
17. Click on the top left-hand corner of the map and draw a rectangle with the cursor
18. On the toolbar at the right of the interface, click on “ltem Properties”

19. Complete “Label” under “Item Properties” as “Urban hot-spot map”

Under “Appearance”, edit “Font” and other characteristics as outlined in the picture below:

() Text Format *
Font Font style Size
13 Shell Dig 2} | |Boid 24

Monotype Corsiva “ | Regular 10 -

M5 Gothic Bold "

MS OQutlook 12

M5 PGothic 14

MS Reference Sans Serif 16

M5 Reference Specialty 18

M5 Sans Senf 20

M5 Serif 22

M5 Shell Dig 2 - 24 -
Effects Sample

Strikeout

Underfine Aa B beZZ

Writing System
Any =

OK Cancel
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We see the “Urban hot-spot map” as shown in the picture below:

Loyot [0 Yow Doma Bddten At Semng

vt n Crgresmon.

i S00om
: et syt
3 LR Ceve Mot e ey
vt dgwent
Expansion of artificial surfaces: 1995 - 2015 [%, total) o ke e
: 10-37%
L E37-1% Ao
0 250 500 km BE-23% » Rotation
— ) .23 -SI% > e
EE .S S
= » Tem D
» Renderng
v > Vanables
T L won

20. On the taskbar at the top of the interface, click “Layout” button and Select on the
“Export as Image” as shown in the picture below:

(2 *Land cover map

Edit View ltems

[ Save Project

Add [tem  Atlas  Settingy
Ctrl+5 y

3 _\J Mew Layout... Ctrl+M
|-._-_3 Duplicate Layout..,
i Delete Layout...
'q: Layout Manager...
Layouts b
Layout Properties...
Rename Layout...
:J Add Pages...
Add [tems from Ternplate...
Ed Save as Template..,
“ig Export as SVG...
‘vg Export as PDF...
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21. Save under proposed name and proposed format

Urban hot-spot map A

Expansion of artificial surfaces: 1995 — 2015 [%, total]
[J0-37%

[37-11%
0 250 500 km M 11-273%
[ s

B 27.3-53%

Bl 53-132%

This map shows the rate of change of expansion of artificial surfaces along the Ganga-
Brahmaputra River Basin from 1995 to 2015.

You have completed Step 3 of 3! Well done on producing your visualizations! We wish
you good luck as you continue the journey ahead.
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Appendix

Appendix

The Appendix gives a brief overview of QGIS, which is the open source program used in the
exercise outlined in this guide; and shows how to download and install these programs for
use.

A. QGIS

QGIS is a cross-platform desktop geographic information system that supports viewing,
editing and analysis of geospatial data.

We used the most recent version of QGIS available, and we advise that you do the same.
However, while most versions of QGIS will work, we recommend that you use QGIS version
3.10 and above, with the following plugins:

o GRASS - Geographic Resource Analysis Support System
e SAGA - System of Automated Geoscientific Analysis
o GDAL — Geographic Data Abstraction Library

Downloading and Installing QGIS
1. Goto the QGIS website (https://qqgis.org/en/site/forusers/download.html)

We used the most recent version of QGIS available and we advise that you do the same.
However, while most versions of QGIS will work, we recommend that you use QGIS version
3.10 and above, with the following plugins:

o GRASS - Geographic Resource Analysis Support System
e SAGA - System of Automated Geoscientific Analysis
o GDAL — Geographic Data Abstraction Library

2. Download the QGIS Standalone Installer Version 3.10, and choose either the 32-bit
or 64-bit based on the configuration of your individual system as suggested in the
picture below:
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Download QGIS for your platform

Binary packages (installers) are available from this page.
The current version is QGIS 3.1415 i’ and was released on 14.08.2020
The long-ferm repositories curently offer QGIS 3.10.9 A Corufia

QGIS is available on VWindows, macOS, Linux and Android.

INSTALLATION DOWNLOADS = ALLRELEASES  SOURCES

Download for Windows

QGIS in OSGeodW:

'y {*} OSGeo4W Network Installer (64 bit)

' {*} 0SGeodW Network Installer (32 bit)

In the installer choose Desktop Express Install and select QGIS fo install the iatest release.
To getihe long term reiease (ihatis not aso the latest release) choose Advanced Install and select agis-ttr-full
To get the biseding-2dge development build choose Advanced Install and select qgis-dev-full

Latest release (richest on features)

sha256

sha256

Standalone installers from OSGeo4W packages
4 @\ QGIS Standalone Installer Version 3.14 (64 bit) L

& @\ QGIS Standalone Installer Version 3.14 (32 bit) L}

"
Long term releass repasitory {most stable):

& @\ QGIS Standslone Installer Version 310 (64 bit) « @

sha256 o

i @\ QGIS Standalone Installer Version 3.10 (32 bit) Ll

sha256 A

For the exercise in this guide, we used the 64-bit version, and downloaded and installed QGIS-

0SGeo04W-3.10.9-1-Setup-x86_64

as shown in the picture below:

(3} QGIS-05Ge0dW-3.10.9-1-Setup-x36_64

8/19/2020 3:49 PM Application

393,364 KB

3. On the Welcome to QGIS-OSGeo4W-3.10 page, click on Next button as seen below:

(2 QGIS 3.10.9 'A Corufia’ Setup

‘

310

A Coruna
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Welcome to the QGIS 3.10.9'A
Coruna' Setup Wizard

This wizard will guide you through the installation of QGIS
3.10.9 'A Corufia'.

It is recommended that you dose all other applications
before starting Setup. This wil make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.

Next > Cancel
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4. Click on | Agree for license agreement as seen below:

() QGIS 3.10.9 A Corufia’ Setup - >
License Agreement
Please review the license terms before installing QGIS 3.10.9 'A Corunia' Q

Press Page Down to see the rest of the agreement.

:_icense OVErview: P
1. QGIS

2. The MetCDF library and commands for reading and writing MetCDF format

3. 5ZIF compression library

4, ECW Raster Plugin for GDAL

5. Oracle Instant Client

&, MrsID Raster Plugin for GDAL

7. The HDFS library for reading and writing HDFS format

&. The HOF4 library for reading and writing HDF4 format

If you accept the terms of the agreement, dick I Agree to continue. You must accept the

agreement to install QGIS 3.10.9 'A Corunia'.
Mullsaft Install Systemn w2,50 ‘

<Back Cancel

5. Click on Next in Choose Install Location, as seen in picture below:

a QGI53.10.8 °A Corufia’ Setup - o
Choose Install Location
Chaose the folder in which to install QGIS 3.10.9 "A Corunia’, Q

Setup will install QGIS 3. 10.9 A Corufia’ in the following folder. To install in a different folder,
dick Browse and select ancther folder. Click hNext to continue.,

Destination Folder

Space required: 1.8GE
Space available: 354,968

< Back Mext > Cancel
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6. Once the installation process is complete, click on Finish, as seen in the picture below.
The software is now installed on your computer and ready to use.

(2 QGIS 3.10.9 ‘A Corufia’ Setup —

Completing the QGIS 3.10.9 'A
Coruna' Setup Wizard

QGIS 3.10.9 A Corufia’ has been instaled on your computer.
Chck Finish to close this wizard,

*

N

310
A Corufia ‘v

More Characteristics of QGIS

The QGIS interface has four areas:

& GIS Acelade - oIEN |
Progect ot vew  Leye Semge Pigne ecir Rasie Dacsbess Web eacesmeg mep Nienu Bar
TmEHRBRLER E!!Eﬂﬂ'ﬁ'—‘u.ﬁ'ii g- B-
HOD 2L - CE-If-REMES-- = W& g % o
e 2
LT y
5 B v 2]
Fras
igll I |I
L8 Panel i
3 Map Display -
l:"l - o
o ax s
A = T O3
Panel
B coodrats: | P, 435 Seale || 51,8050 (3 Rder s | [ (]

ESCAP Statistics Division 44



Appendix

Menu bar - provides access to the majority of QGIS Desktop’s functionality.

Toolbars - provide quick access to QGIS Desktop functionality; they can be arranged
to either float independently or dock along the sides of the application’s window.
Panels, such as Browser, and Layers - provide a variety of functionality and can be
arranged to either float independently or dock above, below, right, or left of the map
display.

Map display - shows the styled data added to the QGIS project.

The following toolbars are particularly useful, and they should be enabled:

File - provides quick access to creating, opening, saving QGIS projects, and creating
and managing print composers.

Manage Layers - contains tools to add vector, raster, database, web service, text
layers, or create new layers.

Map Navigation - contains tools useful for panning, zooming, and refreshing the map
display.

Attributes - provides access to information, selection, field calculator, measuring,

bookmarking, and annotation tools.

If you want to customize, you can:

toggle the visibility of toolbars:

by clicking View | Toolbars, or by right clicking the menu bar or enable toolbar
button, which will open a context menu allowing you to toggle toolbar and panel
visibility.

assign shortcut to actions by clicking Settings | Configure shortcuts.

change application options, such as interface language and rendering options by

clicking Settings | Options.

ESCAP Statistics Division 45



Appendix

B. Available datasets

In this guide, the open-source data used are (1) the shape file data for the Major River Basins
in the World which was downloaded from the World Bank, and (2) Tagged Image File Format
Files for the Global Land Cover Data which is downloaded from the European Space Agency.
The guide shows the steps to download the data, and then filter the data to process and show
the rate of expansion of artificial surfaces on the chosen area.

For illustration, this guide shows how to map expansion of artificial surfaces along the Ganga
Brahmaputra River Basin in India, as it is one of the largest river basin in the Asia-Pacific
region; but the user may download similar data from the World Bank and from the European
Space Agency to map land cover changes in a chosen area.

In the tables below, some of the most frequently used and most popular datasets are outlined.
We encourage the user to investigate and determine which datasets are most suitable for their
own uses.

Administrative Boundaries
This tables outlines sources for the administrative boundaries data that are most frequently
used.

Name Data Source
GADM - Database of Global Administrative Areas https://gadm.org/data.html
DIVA-GIS Data https://www.diva-gis.org/
HDX Data https://data.humdata.org/dataset
Natural Earth Data https://www.naturalearthdata.com/
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Appendix

Earth Observation Data

This table outlines earth observation data that are most frequently used. Earth Observation
data outlines land cover areas and ocean and marine areas, and the data presented in the
table below vary by resolution and the years available.

Sensor Available From| Resolution Data Source
Landsat 1 to 3 1972-1989 30M https://earthexplorer.usgs.gov
Landsat 4-5TM 1982-2012 30M https://earthexplorer.usgs.gov
Landsat 7 1999-Present 30M https://earthexplorer.usgs.gov
Landsat 8 2013 30M https://earthexplorer.usgs.gov
Aster 1999 30M https://earthexplorer.usgs.gov
Sentinel 2015 10M https://earthexplorer.usgs.gov
Modis 2003-Present 250M, S00M, https://search.earthdata.nasa.gov
1km, 5Km
ESA 1992-2018 300M ftp://geol0.elie.ucl.ac.be/v207/
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