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Scope and purpose

This guide shows how to produce land cover change maps and statistical tables using open-
source software Quantum Geographic Information System (QGIS) and code in RStudio.

The land cover change guide released in OCTOBER 2020 by ESCAP — Producing land cover
change maps and statistics: Step by step guide on the use of QGIS and RStudio shows the
user how to produce maps and statistical tables of land cover changes over a time interval.
The current guide shows the user how to generate the same maps and tables using more
powerful RStudio scripts. You do not need to go through the earlier released guide before
taking on the present guide. You may wish to preview that guide to see how maps can be
produced using QGIS.

Maps and statistical tables are generated in accordance with the land cover categories of the
System of Environmental-Economic Accounting (SEEA).

The guide takes you through 3 steps:
Step 1:Download the necessary data 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:Generate land cover change maps and statistical tables using QGIS and scripts in
RStudio — Generating land cover change maps and statistical tables

In total, these steps should take approximately 4 hours to complete from start to finish.

Before embarking on step 1, make sure you have QGIS and RStudio on your computer. First
time users can refer to the Appendix for help to download and install QGIS and RStudio
(users are encouraged to download the latest available versions of the programs).

For illustrative purposes, the guide uses select open-source data for a specific geographical
area, the Ganga Brahmaputra River Basin in India. You can generate your own maps and
statistical tables and choose other data which suit your purpose and the geographical area of
your interest; 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!
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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 land cover change 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” in a convenient location
on your system

Major River Basins Of The World

i ¥l
]

DATA ACCESS AND LICENSING m m @ Back
+

This dataset is classified as Public
under the Access to Information
Classification Policy. Users inside and This shapefile centains the major and largest basins of the world.

outside the Bank can access this

dataset,

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

4.0

[w Major River Basins of the World
EZ  This shapefile contains the major and largest basins of the werld.
Resource Type: Dataset

dY [ Preview
E Major River Basins of the World(Feature Service) &'

Resource Type: Related Material

Go to Resource &

® 4673

Leaflet | Map data © OpenStreetMap

1 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.
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Step 1 — Data downloading

1.2 ESA Global land cover datasets:

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:
1. Click on the link (http://maps.elie.ucl.ac.be/CCl/viewer/download.php)

2. 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.

3. Atter filling the required fields, read the “Terms, conditions and privacy policy” and check
| have read and agree...”

4. Click “Validate”

climate change initiatiu

Data access

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

Name:

QOrganisation:

e-mail:

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

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

5. Goto Land Cover Maps-v2.0.7 Section
6. Click the link “by_year: 24 tif files, 1 band”
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Step 1 — Data downloading

Land Cover Maps - v2.0.7 Download product user guide Download guick user guide
24 consistent global land cover maps at 300 m
fopaztéallsresolutlon, on an annual basis from 1992 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
2005 and 2010 replace completely the )
"v1.6.1 epoch-based" dataset as the annual LC maps full 1992-2015 serie
LC maps v2.0.7 have been improved both in @ 1 tif file, 24 bands, zip compression -

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.

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

the further conversion into Plant Functional Types distribution required by the

Earth System Models. The typology counts 22 classes ESACCI-LC for Sen2Cor data package
@ 54 tif files, zip compression - 5.1Go

The 24 LC maps series is delivered along with 4 quality flags which document ) )
the products Rem: includes LC maps, water bodies v4 and

snow products
« qualityflagl pixel has been processed or not,

« qualityflag? pixel status as defined by the pre-processing, Quality flags
« qualityflag3 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. file
Legend

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. O symbology for ENVI (.dsr)

Independently from this baseline, LC changes are detected at 1 km based on © Symbology for ml)
a time series of annual global classifications generated from AVHRR HRPT

(1992 - 1999), 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.

Please note that you may have to open this link in a browser other than Chrome. For
this exercise, we used Internet Explorer and Microsoft Edge.

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

C 0 @ Notsecure | p//geotOelieucache,

Index of /v207/

®. [parent directory]

Name Date Modified
CCILC-UW1_20170831_01_Arino-ESA_ESA__Contribution-to-GEO-LC pdf 912517, 7:00.00 AM
CCILC-UW 2_Defourny-UCLouvain__Global-annual LC-time-series-from-1992-t0-2015 pdf 9/25/17, 7:00:00 AM

CCILC-UW 03_Brockmann-BC__CCI-LC-Multi-mission-pre-processing-overview.pdf 92517, 7:00:00 AM

CCILC-UW1_2 04_Lamarche-UCLouvain__LC-change-and-seasonal-dynamics-within-the-CCI-LC-products pdf 5/15/18, 7:00:00 AM
CCILC-UW1_20170831_05_Achard-JRC__Quality-assessment-of-the-CCI-LC-maps pdf 92517, 7:00:00 AM
CCILC-UW1_201 06_Kirches-BC__The-CCI-LC-user-tool pdf 9/25/17, 7:00:00 AM

9/25/17, 7:00:00 AM
912517, 7:00.00 AM
92517, 7:00:00 AM
10/4/17, 7:00:00 AM

CCILC-UW1_201 07_Santoro-GammaRS__The-CCl-water-body-products pdf

CCILC 31_08_MOHCUK-LSCE-MPIM__Uncertainty-aspects-mn-satellite-denved-LC-mformation pdf

CCILC-U! LSCE-MPIM__Impacts-of-consistent-global-annual-L.C-maps-on-land-surface-models pdf
CCILC __Lessons-leamt-from-mapping-Africa-at-20-m-with-Sentinel. 2A pdf

CCILC 11_Conchedda-FAO__CCI-LC-m-support-of-FAOSTAT-land-statistics pdf 92517, 0:00 AM
CCILC 12_Cumans-UNCCD__Contnibution-of-the-CCI-LC-maps-t0-UNCCD pdf 7.00.00 AM
CCILC _13_Doelman-PBL__Implementing-CCI-LC-in-the-HYDE-database-and-IMAGE pdf 17, 7:00:00 AM
CCILC 1_14_Duveiller-JRC__Potential-changes-in-the-surface-energy-balance-due-to-changes-in-L.C pdf 7:00:00 AM
CCILC-UWI 1_Broadcast mpd 17, 7:00:00 AM
CCILC-UW1_20170831_extra_Mackie-OECD__Use-of-CCI-LC-for-per-pixel-change-assessment pdf 9/25/17, 7:00:00 AM
CCILC-UW1_20170831_extra_Weiss-GFW__Use-of-CCI-LC-mn-Global-Forest- Watch pdf 17, 7:00:00 AM

ESACCI-LC-L4-ALL-FOR-SEN2COR z:p
ESACCI-LC-L4-LCCS-Map-300m-P1Y-
ESACCI-LC-L4-LCCS-Map-300m-P1Y-

2/8/18, 7:00:00 AM
3917, 7:.00.00 AM
3 0-00 AM
3/13/17, 7.00:00 AM

ESACCI-LC-L4-LCCS-Map- 20.7.2p

ESACCI-LC-L4-LCCS-Map- Tb.nc z1p 558GB 10/8/18, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map. (-1993-v2.0.7 uif 298 MB 39117, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map- -1993-v2.0.7b.nc 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1994-v2.0 7 tif 298 MB 39/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1994 24GB 731 00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v 298 MB 3/9/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995 24GB 7/3/17, 7.00.00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1996-v2 297MB 39117, 7:00:00 AM

ESACCI-LC-L4-LCCS-Map-300m-P1Y-1996-v2.0 Tb.ne 24GB 7/3/17, 7:00.00 AM

ESACCI-LC-L4-LCCS-Map-300m-P1Y-1997. 297 MB

ESACCI-LC-L4-LCCS-Map-300m-P1Y-199 24GB

ESACCI-LC-L4-LCCS-Map-300m-P1Y-1998. 298 MB 3917, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1998-v2.0. 7b nc 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1999-v2.0.7.uf 298 MB 3/9/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map- 0-P1Y-1999-v2.0 Tb.ne 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map- 2.0.7.uf 298 MB 3917, 7.00.00 AM
ESACCI-LC-L4-LCCS-Map- 2000-v2.0. Tb.ne 24GB 7/3/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map- 2001-v2.0.7 1if 297 MB 3/9/17, 7:00:00 AM
ESACCI-LC-L4-LCCS-Map- n-P1Y-2001-v b. 24GB 7317 0:00 AM
ESACCLI (L1 4.1 COSMan. 300m.P1V.000). 297 MB 3:9/17, 7:00:00 AM
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Step 1 — Data downloading

8. 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 between 1995 and 2015 inclusive as we are comparing the land cover changes
from year to year along the Ganga Bhramaputra River Basin for that 20-year period.
Example: ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7.tif

ESACCI-LC-L4-LCCS-Map-300m-P1Y-1996-v2.0.7.tif
ESACCI-LC-L4-LCCS-Map-300m-P1Y-1997-v2.0.7.tif

ESACCI-LC-L4-LCCS-Map-300m-P1Y-2013-v2.0.7.tif
ESACCI-LC-L4-LCCS-Map-300m-P1Y-2014-v2.0.7.tif
ESACCI-LC-L4-LCCS-Map-300m-P1Y-2015-v2.0.7.tif

9. 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!

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

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 and extracting the data relevant to mapping
land cover change.

2.1 Loading vector data into QGIS

For this exercise, we created a new folder named “Data Pre-Processing”. You may use this folder
name or choose your own name and location.

Open QGIS Desktop with GRASS, and:

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

These steps are indicated in the picture shown below:

(2} Untitled Project — QGIS
Project Edit View

[P | settings  Plugins Vector Raster Database Web Mesh Progessing Help

\ 3 W) Data Source Manager v @ o H T = -
] ] g ~ % Z “
»
WV el 5
E & i Add Laye » | .y Add Vector Layer... Ctrl+Shift+V
@~ Embed Layers and Groups.. B Add Raster Layer.. Ctrl+Shift+R
Browser Add from Layer Definition File... Q! Add Mesh Layer...
O~ THO&| copysyle 9, Add Delimited Text Layer... Ctrl+Shift+ T
Favorites Paste Style F, Add PostGIS Layers... Ctrl+Shift+D
v (% Spatial Baokmal o0 e /% Add SpatiaLite Layer... Ctrl+ Shift+L
' E E‘”\"‘E Paste Layer/Group J® Add MSSOL Spatial Layer..
» . y
=N Open Atiibute Teble . [, Add DB2 Spatial Layer... Ctrl+ Shift+2
v OB Togale Edting @, Add Oracle Spatial Layer Cirl+Shift+0
$ GeoPackage Save Layer Edite [V Add/Edit Virtual Layer.
/7 SpatiaLite o B ‘
@ roes Current Edits @ Add WMS/WMTS Laye. Ciri+Shift=W
P mssal Save As.., £5E Add XVZ Layer
Layers Save As Layer Definition File.. & Add ArcGIS Map Service Layer.
« @ ®T ['L Remove Layer/Group Ctrl+D @ Adg WS Loyer.
Duplicate Layer(s) (V5 Add WS Layer.
ot Sl Visblty o Layerts) &7 Add ArcGIS Feature Service Layer..
Set CRS of Layer(s) CtrlsShiftC | b Add Vector Tile Layer.

Set Project CRS from Layer

Layer Properties

Filter... Ctil+F
Labeling

Show in Overview

o0 Show All in Overview

©3 Hide All from Overview

3 Vector layers are, along with raster layers, one of the two basic types of 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

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

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

o

These steps are shown in the picture below:

@

SITEEEE

V., Vect
ax g ®) Fie Directory Database Protocol: HTTR(S), doud, etc.

Raster

L Encoding Automatic -
EA!" Mesh
Source
Delimited
Vector Dot |:|

(2 Open OGR Supported Vector Dataset(s) %
€« « 4 || « Downloads > major_basins_of_the world_0.0.0 v o O Search major_basins_of_the_.
Organize v New folder =~ @ @
New folder (8] *  Name Date modified 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
[ ThisPC | | Major_Basins_of the World.shp SHP File 3
8 3D Objects [] Major_Basins_of the World.shp XML Document
1 Desktop [] Major_Basins_of the World.shx SHX File
[ Documents
- Downloads v € >
File name: | Major_Basins_of_the_World.shp v‘ All files ~

Close Add Help

[Com] o |

2.2 Extracting shape file for chosen area (Ganga Bhramaputra River Basin)

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

(2} *Untitled Praject - QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
I BEERGRAX ORPL  HPPRA . BROER @ . L EERIsS-9 0
BV AW

/ = & B d R A

2. In the map that appears on the Map Panel of the QGIS Interface, click on your chosen
region to highlight it. In this exercise, we selected the Ganga Bhramaputra River Basin 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 Seftings BPlugins Vector Rsster Detebase Mesh Progessing Help

BRRY 0P LPRPP/ QL BLEOR onEM:=-: v B
"REeV. 2w @ J "N - a®eo B
Fe-G- «
Layers =) Processing Toolbox =153
CcawYE-BAO - o

Recently used
Cartogey

Coordnete| 7.3,-116.6 |9 Scale 198754656 |~ | @ Magnifier 100% S| Rotaton [0.0° 3|V Render B s @

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

4. Select “Export”

5. Select “Save Selected Feature As”

These steps are highlighted in the picture below:

Layers [
« @ & T &-F DO

I Major Basins of the World
4 Zoom to Layer

1) Zoom to Selection
G?, Show in Overview
Show Feature Count
Copy Layer
Rename Layer
L] Duplicate Layer
[1 Remove Layer...
- Open Attribute Table
4 Toggle Editing
Filter...
Change Data Source...

Set Layer Scale Visibility...

Set CRS 4
Save Features As...
Styles » d
Properties... Save as Layer Definition File...

Save as QGI5 Layer Style File...
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Step 2 — Data pre-processing

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

7. Give a name to the file. For this exercise, we named 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.

8. Click “Save”

9. Click “Ok”

2| Layer e

encadng
Save arly seectad fesres

~ HdeFoldes [ swe ]| cones

rdnaie | .28,93.72

Togsies the edug state of e crentlaver sl cisnseme <

@ vagniber 101%

3 Ve Sescas @

10. In the Layer Panel, right-click on “Major River Basins of the World”
11. Click “Remove Layer”

This step has extracted the relevant Ganges-Brahmaputra from the river basin data and has

removed data that is not relevant.

2.3 Clipping all displayed layers

The next steps clip the layers for use in producing the land cover maps and statistical tables.

These steps include downloading the Clip Multiple Layers plug-in:

1. On the QGIS toolbar, click on “Plugins”
2. Click on “Manage and Install Plugins”

(2} Untitled Project - QGIS

Project Edit View Layer Settings MEDGIGS| Vector Raster Database Web Mesh  Processing
SREREEESIEY ¢ Manage and Install Plugins...
®BE VWD @, Python Console Ctrl+Alt+P

ESCAP Statistics Division
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Step 2 — Data pre-processing

w

When the Plugins window appears, scroll down and click “All”

4. Inthe Search bar, type “Clip Multiple Layers” and select the option as shown in the picture

below
5. Click “Install Plugin” and “Close”

(2 Plugins | All (517)

Q. Clip Multiple Layers

# Clip Multiple Layers

§

Installed

Clip Multiple Layers =

it iealec Clip all displayed layers (rasters and

vectors) with a polygon layer selected.

o Invalid

Clip all displayed layers (rasters and vectors) with a
Install from ZIP polygon layer selected.

YW 109 rating vote(s), 81301 downloads

Tags raster, clipper, clip, layer, all, once,
vector, python, multiple

More info homepage bug tracker code
repository

Author Pg
Available version 3.1.0

4 »
Upgrade All Q Install Plugin
Close Help

6. The Clip Multiple Layers plug-in is now activated, and should be visible on the main toolbar

2.4 Adding ESA land cover datato QGIS
The next steps add the ESA Global land cover datasets to QGIS:

1. Go to the “Downloaded Data” folder (or the equivalent folder as named by the user)
2. Click “Type” and select “TIF File”

Downloaded Data

Name Date modified Type v Size
8] ESACCI-LC-14-LCCS-Map-300m-P1V-1995-v2.0.7 TIF File O 3 DeFFile
* |7 ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7.4f.aux xMLDocument | (1 [ OVR File
A ] ESACCIALCALA-LCCS-Map-300m-P1V-1385-42.0.7if.ove OVR File O O prFile
# |6 ESACCI-LC-L4-LCCS-Map-300m-P1¥-1996-v2.0.7 TIF File O Ol seNFile
#  [8] ESACCI-LC-L4-LCCS-Map-300m-P1V-1997-2.0.7 TIF File O U sexFile
8] ESACCI-LC-L4-LCCS-Map-300m-P1V-1998-v2.0.7 TIF File [0 ) sHPFile
8] ESACCI-LC-L4-LCCS-Map-300m-P1V-1999-12.0.7 TIF File O O sHxFile
8] ESACCI-LC-L4-LCCS-Map-300m-P1V-2000-v2.0.7 TIF File O O TFFile
| ESACCI-LC-L4-LCCS-Map-300m-P1Y-2000-v2.0.7.4if.aux %ML Document | (1 [ WinZip File
[ ESACCI-LC-14-LCCS-Map-300m-P1V-2000-v2.0.7.if.ovr OVR File [0 ) XML Document
8] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2001-v2.0.7 TIF File 04,20
8] ESACCI-LC-L4-LCCS-Map-300m-P1V-2002-v2.0.7 TIF File

D ESACCI-LC-L4-LCCS-Map-300m-P1Y-2002-v2.0.7 tif.aux XML Document

D ESACCI-LC-14-LCC5-Map-300m-P1Y-2002-v2.0.7.tif.ovr QVR File

@ ESACCI-LC-L4-LCCS-Map-300m-P1Y-2003-v2.0.7 TIF File 0

D ESACCI-LC-14-LCCS-Map-300m-P1V-2003-2.0.7.tif.aux XML Document 1KB
D ESACCI-LC-14-LCCS-Map-300m-P1Y-2003-v2.0.7.tif.ovr OVR File

@ ESACCI-LC-L4-LCCS-Map-300m-P1Y-2004-v2.0.7 TIF File

@ ESACCI-LC-14-LCC5-Map-300m-P1Y-2005-v2.0.7 TIF File

ESCAP Statistics Division
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3. Select and highlight all the TIF Files as in the picture below, and drag and drop the TIF

Files into QGIS

oaded Data » TIFFile
MName - Date modified Type ~ Size
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7 2019 %:33 PM TIF File 304,645 KB
|s] ESACCI-LC-L4-LCCS-Map-300m-P1Y-1996-v2.0.7 TIF File 304,601 KB
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-1997-v2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-1998-v2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-1999-v2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2000-v2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2001-v2.0.7 TIF File 304,204 KB
|s] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2002-v2.0.7 TIF File 304,014 KB
|s] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2003-v2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2004-v2.0.7 TIF File
|&| ESACCI-LC-L4-LCCS-Map-300m-P1Y-2005-w2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2006-v2.0.7 TIF File
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2007-v2.0.7 TIF File ,
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2008-v2.0.7 TIF File 304,427 KB
|s] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2009-v2.0.7 TIF File 304,434 KB
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2010-v2.0.7 TIF File 304,660 KB
|&] ESACCI-LC-14-LCCS-Map-300m-P1Y-2011-v2.0.7 TIF File 304,819 KB
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2012-v2.0.7 TIF File KB
|&] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2013-v2.0.7 TIF File
|s] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2014-v2.0.7 TIF File
|s] ESACCI-LC-L4-LCCS-Map-300m-P1Y-2015-v2.0.7 TIF File
4. In QGIS, click “Clip Multiple Layers” as in the picture below:
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
BRRY OeLppnp e} L s =~ M-
@V LA 0 @ =3 @ 0A@R 2 B

Browser

@@

5. In the window that appears, define “Selection” as Ganges-Brahmaputra.shp

6. Click on “Browse”

and save the output in the desired location. For this exercise, we

save this file in “Data Pre-processing”

7. Click “OK”

ESCAP Statistics Division
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CawY B Nol
v [l Ganges-Brahmaputra

» VB ESACOHLC-LA-LCCS-Map-300m-P1Y-1998-v2.0.7
bV B ESACCHLCLA-LCCS-Map-300m-P1Y-1997-v2.0.7
» VB ESACCLLCL4-1CCS Map-300m-P1Y-1996-v2.0.7
* VB ESACCHLC-L4-1CCS- Map-300m-P1Y-1995-v2.0.7
bV B ESACO-LC-LA-LCCS- Map-300m-P1Y-2015-v2.0.7
» VB ESACCHLC-LA-LCCS-Map- 300m-P1Y-2014-42.0.7
+ V) B ESACCHLC-L4-LCCS-Map-300m-P1Y-2013-v2.0.7
+ VI ESACCHLC-L4-LCCS-Map-300m P1Y-2012-v2.0.7
bV B ESACCILCL4-LCCS- Map-300m-P1Y-2011-42.0.7
+ VB ESACO-LCLA-LCCS-Map-300m-P1Y-2010-v2.0.7
* W ESACCH-LC-LA-LCCS-Map-300m-P1Y-2009-v2.0.7
» VB ESACCHLC-LA-LCCS-Map-300m-P1Y-2008-v2.0.7
» VB ESACOHLC-L4-LCCS-Map-300m-P1Y-2007-v2.0.7
bV ESACCILCL4-LCCS-Map-300m-P1Y-2006-v2.0.7
b VB ESACCHLC-L4-LCCS-Map-300m-P1Y-2005-v2.0.7
b VB ESACCHLC-LA-LCCS-Map-300m-P1Y-2004-2.0.7
bV B ESACC-LCLA-LCCS-Map-300m-P1Y-2003-v2.0.7
bV B ESACCHLC-LA-LCCS-Map-300m-P1Y-2002-v2.0.7
» VB ESACCHLCLA-LCCS-Map-300m-P1Y-2001-v2.0.7
bV B ESACCHLCL4-LCCS-Map-300m-P1Y-2000-v2.0.7
bV B ESACCHLCL4-LCCS-Map-300m-P1Y-1999-v2.0.7

- g e
oo W‘ Output : D:/Land cover mappng/Dats Pre Frocessng
G o i A
V' Load dhpped layers Save vector styles (om)
:

age n

Q@ CrpMutiplelayers

1 Cio ol deayed layers with the selectin layer

ructions

bome 0age, Report ssues here.

\ may froez Qo on smal processars,
Qos wll unfreez when the cut s frished,

Suggestons ? Feedback ? -> pg.developper. fr Gomai.com

Flease consider to rate the g o suggort me o«

Now we are going to clip all the layers from 1995 to 2015. Once you have clipped these layers,
you should see the outputs appearing in the Data Pre-Processing Folder as individual folders
named rasters and vectors as shown in the picture below:

Data Pre-Processing

MName

rasters

wvectors

Date modified Type Size
11/16/2020 4:41 PM File folder
11/16/2020 4:40 PM File folder

2.5 Converting ESA to SEEA land cover classifications

For the purposes of our land cover change mapping, the 31 ESA Classifications are equated to
the SEEA Classifications. The resulting conversion is used to illustrate the land cover change
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”).
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0 No Data “

10 Cropland, rainfed
11 Herbaceous cover
12 Tree or shrub cover
Cropland, irrigated or post-flooding
Moszic 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, broadleaved, deciduous, closed (>20%)
62 Tree cover, broadleaved, deciduous, open (15-20%)
Tree cover, needleleaved, evergreen, closed to open (>15%)
n Tree cover, needieleaved, evergreen, closed (>40%)
72 Tree cover, needieleaved, evergreen, open (15-40%)
80 Tree cover, needleleaved, deciduous, dosed to open (>15%)
81 Tree cover, needleleaved, deciduous, closed (>40%)
82 Tree cover, needleleaved, deciduous, open (15-20%)
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%)

8|8|5(8|8

3

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

Tree cover, flooded, fresh or brakish water

160
170 Tree cover, flooded, saline water
180 Shrub or herbaceous cover, flooded, fresh/saline/brakish water
190
200

2

Urban areas
Bare areas

01 Consolidated bare areas
202 Unconsolidated bare areas

210 Water bodies
220 Permanent snow and ice l

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

The steps in this section show how to convert the ESA land cover classifications to the System of
Economic and Environmental Accounting (SEEA) land cover classifications.

1. Open “Excel” (for Windows)
2. Copy Text as follows:
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V1 V2 V3
-0.1 0.1 0
0.2 11.1 2
11.9 12.1 3
19.9 40.1 4
49.9 90.1 6
99.9 110.1 4
119.9 122.1 8
129.9 130.1 5
139.9 140.1 9
149.9 153.1 10
159.9 170.1 7
179.9 180.1 9
189.9 190.1 1
199.9 202.1 11
209.9 210.1 13
219.9 220.1 12
With V1 = lower limit of the range of ESA Land Cover Values

V2 = upper limit of the range of ESA Land Cover Values
V3 = SEEA Land Cover Classifications that the ESA Land Cover Values
map onto
3. Save as “SEEA Classes.csv” in a folder named “rasters” and click “Close”

This file will be used in RStudio to automatically reclass all the clipped raster images in RStudio.
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value Color HTML Code for Land Cover Type
Color
I- #ff1400 Artificial surface
2 #ffb24a Herbaceous crops
3 #629448 Woody area
I- #9011 Multiple or Layered crop
5 #93cf2c Grassland
Z- #018f33 Tree cover areas
7 #94ba96 Mangrove
I- #966400 Shrub cover areas
9 #00dc82 Shrubs and or herbaceous areas
10 #ffebaf Sparsely natural vegetated areas
11 #bfbfbf Terrestrial barren land
12 HFFTTS Permanent snow and glacier
13 #b3c3e4 In land water Bodies

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

ESCAP Statistics Division
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Step 3 — Generating land cover change maps and statistical tables

Step 3 — Generating land cover change maps and statistical

tables

This step shows how to automatically generate temporal land cover change maps and statistical
tables in RStudio, using the data processed in QGIS.

This guide makes use of more advanced codes in RStudio than the earlier guide.

In this guide, the temporal land cover change maps are generated using RStudio and not QGIS
as in the previous guide. QGIS is now only used to process the data, and the definitions and code
are developed in RStudio to produce temporal maps and statistical tables.

Generating the maps in RStudio, in addition to the statistical tables, involves installing more
packages and downloading more libraries.

This guide will show how to install the required packages and libraries.

R and RStudio are open source and, like QGIS, can be downloaded and installed free of cost.
More information on how to download R and RStudio are provided in the Appendix to this guide.

Description of the commands used in RStudio are prefaced by the hashtag symbol (#).

3.1 Setting up RStudio and installation of the prerequired libraries

1. The steps in this section show how to set up RStudio and install the libraries required for the
exercise. Open RStudio
2. Click on “New File” and select “R Script” as shown in the image below:

RStudio
File Edit Code View Plots Session Build Debug Profile Teols Help

Mew File L R Script Ctrl+Shift+N
Mew Project...

s R Motebook
Open File... Ctrl+0 R Markdown...

Recent Fil [

sem e Shiny Web App...
Open Project... Plumber API...

Open Project in New Session...

pen Project in New Session C File

Recent Project L4

ecent Projects Cos File

Import Dataset L4 Header File

The resulting interface of RStudio is shown in the picture below:
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Fle Edit Code View Plots Session Buid Debug Profile Tools Help
-lopl@- - Adges -

Flles  Plots  Packages  Help  Viewer
QU Newsoicer | O Deiete mjRename G More =

Console  Terminal -~ Jobs. -

Click “File”

w

4. Click “Save As” and save with the name of your choosing.

For this exercise, we save the File as “Reclassify folder”
5. Click on “Packages” as shown in the picture below:

File Edit Code View Plots Session Build Debug Profile Tools Help
S -0l b Go to file/function - Addins =

T # Import Dataset ~ |

Source on Save S *Run | o= Source ~

i 7 Giobal Environment =

Files  Plots

Help

72 Home
(Top Level) = R Script 5 ¥ Name

symbology-style.db
Console  Terminal Jobs =]

shiney
= R
R version 4.0.2 (2020-06-22) -- "Taking off Again” New folder (2}
Copyright (C) 2020 The R Foundation for Statistical Computing New folder
platform: x86_64-wbd-mingw32/x64 (64-bitT) e talos

My Videos

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()’” or "licence()’ for distribution details. My Music

My Pictures

6. Select “Install”
7. Inthe window that appears, search for “raster”
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9] Untitled? =[]  Environment History Connections

@ NewFolder | & Delste =] Rename

Size

576 KB

& project: (None)

=0

List = 4

=0

Madified
Aug 26, 2020, 610 PM
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Step 3 — Generating land cover change maps and statistical tables

8. Click “Install dependencies”
9. Click “Install”

These steps are shown in the picture below:

D Rstudio - o b3

— Environment  History  Connmections  Tutorial 0
SouceonSwve R /- *Run. | 4 Source = f = import Dataset = &

i Giobal Environment ~

nstall Packages
Files Plots Packages Help Viewer -
nstall from:

Repository (CRAN v @ uodate

User Library

Console  Terminal Jobs 0

Type ‘contributors()’ for more information and -
*citation()" on how to cite R or R packages in publications.

Type "demo()" for some demos, "help()’ for on-line help, or
"help.start()" for an WT™L browser interface to help.
Type ‘q()" to quit R.

10. Next, type library(raster) in the window as shown in the picture above and click “Run”
Ignore the warning message.

#The command library(raster) allows the user to load image format files and is part of the built-
in RStudio syntax

After installing the raster library, repeat Steps 1 — 10 to install several libraries in RStudio, by
replacing ‘raster’ with the following terms:
‘sp’
‘RStoolbox’
‘cartography’
“‘MASS’
‘tmap’
‘tmaptools’
‘rgdal’
‘sF
vctrs
For some older versions of RStudio, you may need to include vctrs as listed above

YVVVYYVYVVYVYYY
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NB. The user can also install all packages at once by typing the following commands into RStudio
and clicking run as in the picture below:

install.packages("raster")
install.packages("sp")
install.packages("sf")
install.packages("RStoolbox")
install.packages("cartography")
install.packages("MASS")
install.packages("tmap")
install.packages("tmaptools")
install.packages("rgdal)

For some older versions of RStudio, you may need to include install.packages (“vctrs”)

R5tudio
File Edit Code View Plots Session Build Debug  Profile  Tools  Help

o - OR - =0 to fileffunction = Addins =

. L= L E DL

@] Untitled1*

Source on Save | W 5 - = Run | = Source -

install. packages(“"raster™)
install. packages("sp”)

install. packages("sf")
install.packages("Rstoolbox")
install. packages("cartography")
install.packages("MAS5")
install. packages("tmap")
install.packages("tmaptools")
install. packages({"rgdal”)

[Ca - T s T I S W S

Please note that it is important to select all commands (highlight as in the picture above) and
then click “Run” for the commands to run.

3.2 Defining directory and libraries
The steps in this section show the following:

o How to define the Working Directory in RStudio as the directory where the raster image
files are saved
e How to define the libraries needed in RStudio

1. Click on “Session”
2. Select “Set Working Directory” and select “Choose Directory” as show in the image below:
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Te Seurce File Location

T Files Pane Location

I Choose Directory... Ctrl+Shift+H I

File Edit Code View Plots Session Build Debug Profile Tools Help
O - O - New Session
Q] Untitled1* Interrupt R
Source on S& Terminate R...
1
Restart R Ctrl+ Shift+F10
ISetWorking Directery I 4
Load Workspace...
Save Workspace As...
Clear Workspace...
Cuit Session... Ctrl+

3. In the new window that appears, go to the Folder where the raster image files (*.tif) were

saved. Select that Folder and Click “Open”.

vectors 11/19/2020 4:40 PM

[ This PC
J 3D Objects
[ Desktop
|=| Documents
4 Downloads
B Music
=] Pictures
B Videos
‘i Local Disk ()

- Mew Volume (D:

¥ Metwork
v

File folder

Choose Working Directory
« v » ThisPC » MNewVolume(D:) » Land covermapping » Data Pre-Processing v O Search Data Pre-Processing
Organize » New folder =z = o

~
A ~ i Fy i
& Creative Cloud Fil MName Date modified Type Size
| resters 11/13/2020 4:41 PM File folder |
@ OneDrive

Folder: | rasters

| Open | Cancel

4. Next, type the following libraries in the command panel in RStudio and click “Run” as

shown in the picture below:
library(raster)

library(sp)
library(RStoolbox)
library(cartography)
library(MASS)

library(tmap)
library(tmaptools)
library(rgdal)

library(sf)
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These commands are used for reasons such as loading raster images, producing maps with all
map elements, tools and styles built into RStudio.

File Edit Ceode VWiew Plots Session Build Debug Profile Tocls  Help

o - O - Go to file/function = Addins =
] Untitled1* = ]
Source on Save | W - = Run || Source -
1 dnstall.packages(“raster
2 dnstall.packages("sp")
3 install.packages("st")
4 dinstall.packages("rstoolbox'
5 1install.packages("cartograph
& 1install. packages("MASS"™)
7 install. packages("tmap")
8 1install. packages("tmaptools
9 dnstall.packages(“rgdal”

10 |

11 Tibrary(raster)

12 Tlibrary(sp)

13 Tlibrary(rstoolbox)
14 Tlibrary(cartography)
15 Tlibrary(MAss)

16 Tibrary(tmap)

17 library(tmaptools)
18 Tibrary(rgdal)

19 library(sf)

3.3 Defining inputs
The commands in this next section define the inputs needed to run code in RStudio to
automatically generate the temporal land change matrices.

Type the following commands in RStudio, highlight them, and click “Run”:

Classes<-read.csv("SEEA _Classes.csv")
#This command defines the SEEA Reclassification done in QGIS for use in
RStudio#

landcover1995<-raster(“clip_ ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7.tif")
#This command defines the landcover1995 file into a raster file for use in RStudio

r.list <- list.files(getwd(), "tif$")
#This command loads all the image files and defines it as “r.list”#

LandCoverClasses<-
c("Artificialsurface","Herbaceouscrops","Woodyarea","Multipleorlayeredcrop”,
"Grassland","Treecoveredareas”,"Mangrove",

"Shrubcoverareas","Shrubsandorherbaceousareas”,
"Sparselynaturalvegetatedareas","Terrestrialbarrenland”,
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"PermanentsnowandGlacier","Inlandwaterbodies")
#This command defines the names of the SEEA Land Cover Classes#

colours<-
c("#ff1400","#ffb24a","#629448" "#ff9011","#93cf2c","#018f33","#94ba96","#966400","#0
0dc82",

"#ffebaf","#bfbfbf","#ffffff","#b3c3e4")
#This command defines the colours of the SEEA Land Cover Classes#

SEEAMAT<-as.matrix( Classes,ncol = 3,byrow = TRUE)
#This command defines the ESA to SEEA Reclassifications as a matrix#

These steps are shown in the picture below:

Source an Save LS | "F-.l.rl s Source =

Tibrary(raster)
Tibrary(sp)
Tibrary(RStooTbox)
Tibrary(cartography)
Tibrary(MASS)
Tibrary{tmap)

IJI:i'n-:u- ‘tpagtonls)

lasses<-read.csv("SEEA_Classes.csv™)

£This command defines the SEEA Reclassification dore in 0GIS for use in RStudio

Tandcover1995<-raster ("c1ip_ESACCI-LC-L4-LCCS-Map-300m-P1Y-1995-v2.0.7. t1f")

#This command defines the landcoverdd3S file into a raster file for use in RStudio

r.1ist <- Tist.files(getwd(), "tif$")

£This command Toads all the image files and defimes 1t as “r.list”

|LandCoverClasses<-c("Artificialsurface”, "Herbaceouscrops”, "Woodyarea", "Multipleorlayeredcrop”, "Grassland”,"Treecoverareas”,"Mangrove”,
"Shrubcoverareas", "Shrubsandorherbaceousareas”, "Sparselynaturalvegetatedareas”,"Terrestrialbarrenland”,
"PermanentsnowandGlacier”, "Inl andwaterbodies™)

EThis command defires the names of the SEEA Land Cover Classes

colours<-c("&FFL400", "eFfb24a", "E629446", "BFFI0LL", "893c Fac", "ROLBFI3", "E34b 86", "E966400" , "£00dc 82",

"ffebaf" "ebfbfbf"  "eFFFFFE", "Eblc3e4™)

§This command defines the colours of the SEEA Land Cover Classes

SEEAMAT=-as.matrix( Classes,ncol = 3,byrow = TRUE)

#This command defines the ESA to SEEA Reclassifications as a matrix

3.4 Generating land cover change maps and statistical tables

The commands in this next section are typed in RStudio and these commands generate the
land cover change maps and statistical tables automatically.

Admittedly, this code is lengthy, but this code encapsulates all the libraries, directories and
definitions defined in the previous steps. Typing all this code into RStudio and clicking “Run” will
produce the function which will then be used to generate land cover change maps and statistical
tables automatically.

Type the following commands in RStudio, highlight them and click “Run”:

LandMatrix<-function(SEEACIlasses ,FirstYear,ListFiles, SEEAcolores,legendclasses)

#This command defines the land cover change matrices and tables as a function in
RStudio#
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SEEAMAT<-as.matrix( SEEACIasses ,ncol = 3,byrow = TRUE)
yearl1995Reclass<-reclassify(FirstYear, SEEAMAT)
for('i in ListFiles){

r <- raster(i)

landcoverreclass<-reclassify(r, SEEAMAT)

v<-
data.frame(year1995Reclass=values(year1995Reclass),landcoverreclass=values(landco
verreclass))

n<-table(v)

m<-(round(addmargins(n)*300*300*1/1000000,digits = 1))
row.names(m)[row.names(m)=="1"]<-"Artificialsurface"
row.names(m)[row.names(m)=="2"]<-"Herbaceouscrops"
row.names(m)[row.names(m)=="3"]<-"Woodyarea"
row.names(m)[row.names(m)=="4"]<-"Multipleorlayeredcrop"
row.names(m)[row.names(m)=="5"]<-"Grassland"
row.names(m)[row.names(m)=="6"]<-"Treecoveredareas"
row.names(m)[row.names(m)=="7"]<-"Mangrove"
row.names(m)[row.names(m)=="8"]<-"Shrubcoverareas"
row.names(m)[row.names(m)=="9"]<-"Shrubsandorherbaceousareas"
row.names(m)[row.names(m)=="10"]<-"Sparselynaturalvegetatedareas"
row.names(m)[row.names(m)=="11"]<-"Terrestrialbarrenland"
row.names(m)[row.names(m)=="12"]<-"Permanentsnowandglacier"
row.names(m)[row.names(m)=="13"]<-"Inlandwaterbodies"
row.names(m)[row.names(m)=="14"]<-"Ocean"
colnames(m)[colnames(m)=="1"]<-"Artificialsurface"
colnames(m)[colnames(m)=="2"]<-"Herbaceouscrops"
colnames(m)[colnames(m)=="3"]<-"Woodyarea"

colnames(m)[colnames(m)=="4"]<-" Multipleorlayeredcrop"
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colnames(m)[colnames(m)=="5"|<-"Grassland"
colnames(m)[colnames(m)=="6"]<-"Treecoveredareas"
colnames(m)[colnames(m)=="7"]<-"Mangrove"
colnames(m)[colnames(m)=="8"]<-"Shrubcoverareas"
colnames(m)[colnames(m)=="9"]<-"Shrubsandorherbaceousareas"
colnames(m)[colnames(m)=="10"]<-"Sparselynaturalvegetatedareas"
colnames(m)[colnames(m)=="11"]<-"Terrestrialbarrenland"
colnames(m)[colnames(m)=="12"]<-"Permanentsnowandglacier"
colnames(m)[colnames(m)=="13"]<-"Inlandwaterbodies"
colnames(m)[colnames(m)=="14"]<-"Ocean"

c<-c("Land Cover Change")

d<-c(substr(i,start = 37,stop = 40))

n<-paste(c,d,sep = ")

write.table(n,file="matrix.csv",append=TRUE,sep=",",col.names=NA,row.names=TRUE,

quote=FALSE)

write.table(m,file="matrix.csv",append=TRUE,sep=",",col.names=NA,row.names=TRUE,

quote=FALSE)
a<-c("percentage")
b<-c(substr(i,start = 37,stop = 40))
d<-paste(b,a,sep ="")

Yearl1995<-chind(rowSums(round(table(v)*300*300*1/1000000,digits = 1)))

OtherYears<-chind(colSums(round(table(v)*300*300*1/1000000,digits = 1)))
Year1995percentage<-cbind(round((Year1995/sum(Year1995)*100),digits = 1))

OtherYearspercentage<-chind(round((OtherYears/sum(OtherYears)*100),digits = 1))

Difference<-cbind(c(OtherYears)-c(Year1995))

percentageDifference<-(Difference/Year1995)*100
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Step 3 — Generating land cover change maps and statistical tables

FinalTable A<-
cbind(c(Year1995),c(OtherYears),c(Difference),c(Yearl995percentage),c(OtherYearsper
centage),c(percentageDifference))

FinalTable_B<-as.matrix(FinalTable_A)

FinalTable<-as.data.frame(FinalTable_B)

row.names(FinalTable)[row.names(FinalTable)=="1"]<-"Artificialsurface"
row.names(FinalTable)[row.names(FinalTable)=="2"]<-"Herbaceouscrops"
row.names(FinalTable)[row.names(FinalTable)=="3"]<-"Woodyarea"
row.names(FinalTable)[row.names(FinalTable)=="4"]<-"Multipleorlayeredcrop"
row.names(FinalTable)[row.names(FinalTable)=="5"]<-"Grassland"
row.names(FinalTable)[row.names(FinalTable)=="6"]<-"Treecoveredareas"
row.names(FinalTable)[row.names(FinalTable)=="7"]<-"Mangrove"
row.names(FinalTable)[row.names(FinalTable)=="8"]<-"Shrubcoverareas"

row.names(FinalTable)[row.names(FinalTable)=="9"]<-
"Shrubsandorherbaceousareas"

row.names(FinalTable)[row.names(FinalTable)=="10"]<-
"Sparselynaturalvegetatedareas"

row.names(FinalTable)[row.names(FinalTable)=="11"]<-"Terrestrialbarrenland"
row.names(FinalTable)[row.names(FinalTable)=="12"]<-"Permanentsnowandglacier"
row.names(FinalTable)[row.names(FinalTable)=="13"]<-"Inlandwaterbodies"

row.names(FinalTable)[row.names(FinalTable)=="14"]<-"Ocean"

colnames(FinalTable)<-c("1992",substr(i,start = 37,stop =
40),"Difference","1992Percentage”,d,"percentageDifference")
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Step 3 — Generating land cover change maps and statistical tables

write.table(FinalTable,file="Change.csv",append=TRUE,sep=",",col.names=NA,row.nam
es=TRUE,quote = FALSE)

file_name = paste("landCover", i, ".png", sep="")

mapl=tm_shape(landcoverreclass)+
tm_raster(style = "cat",

labels =
c("ArtificialSurface","HerbaceousCrops","WoodyCrops","MultiplelayredCrops","Grasslan
d","TreecoveredAreas","Mangroves","Shrubcovered
areas","Shrubsandorherbaceousareas","SparselyNaturalVegetated
areas","TerrestrialBarrenLand","PermanentSnowAndGlaciers","InlandwaterBodies"),

palette =c("#ff1400" , "#ffb24a" , "#629448" "#ff9011" ,"#93cf2c”
"#018f33" ,"#94ba9%6" ,"#966400" ,"#00dc82" , "#ffebaf"
,"#bfbfbf" i ,"#b3c3e4"),

title = "LandCover")+ tm_layout(main.title = "Land Cover Change" title.size
1.5 title.position = c("right","top"))+

tm_compass(position = c("left","bottom"))+

tm_scale_bar(position = c("left","bottom"))+tm_layout(main.titte = substr(i,start =

37,stop = 40),title.size = 1.5,title.position = c¢("right","top"))+tm_layout(legend.outside
TRUE)

tmap_save(mapl,file_name,height=8.5, width=11, units="in", dpi=300)
}

}

#This entire command defines the function which is then used to generate output
tables and land cover change maps automatically#

Finally, this command executes the functions in RStudio as seen in the picture below:

LandCoverChangeMatrices<-LandMatrix(SEEACIlasses =
Classes,FirstYear=landcover1995,ListFiles =
r.list, SEEAcolores=colours,legendclasses=LandCoverClasses)
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Step 3 — Generating land cover change maps and statistical tables

#This command executes the function using the code previously defined, and then
generates the maps, matrices and tables#

File Edit Code View Plots Session Build Debug Profile Tools Help
LR & > - Go 1o fileffunction - Addins -

@] Untited1

172 | #This command tests the code which helps to fun the function#

)
5 | LandCoverchangeMatrices<-Landvatrix(SEEACTasses = Classes,Firstyear=landcover199s,ListFiles = r.list,SEEAcolores=colours,legendclasses=LandCoverclasses)
5

The execution of this function takes about 60-90 minutes for completion, and there will be some
warning messages. These warning messages serve as an indication that the execution is being
performed, and the warning messages can be ignored in most cases. Please note that there is a
red dot@ that appears in RStudio while the command is processing. When this red dot
disappears, the processing is done and executed.

Console  Terminal Jobs

EL

¥ ca (position = ci{"Ieft”, "bottom™))+tm_layoutimain.title = substrii,start = 37,5top = 40),t1tle.s1ze = 1.5,T1tle.pos1tion = c("right”, "tOw
m_Tayou end.outside = TRUE)
tmap_save(mapl,file_name,height=8.5, width=11, units="in", dpi=200)

#This command tests the code which helps to fun the function#

= LandCoverChangeMatrices<-LandMatrix(SEEACTasses = (lasses,Firstyear=landcover199s,ListFiles = r.1ist,SEEAcolores=colours, legendclasses=LandCoverClasses)

Once the execution is finished, we can see the maps and statistical tables in the Folder named
“rasters” as shown in the picture below:
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Step 3 — Generating land cover change maps and statistical tables

Rhistory
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L4-LCCS-Map-30
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07
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L4-LCC5-Map-30
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07

landCoverclip_ES
ACCIHLC-L4-LCC
$-Map-300m-P1
¥-2000-v2.0.7.tif

s

landCoverclip_ES
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5-Map-300m-P1
Y-2013-v2.0.7.4if
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clip_ESACCI-LC-

L4-LCC5-Map-30
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landCoverclip_ES
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$-Map-300m-P1
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landCoverclip_ES
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5-Map-300m-P1
Y-2014-v2.0.7.4f

clip_ESACCI-LC-
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0.7

clip_ESACCI-LC-

L4-LCCS-Map-30
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07

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1
¥-2002-v2.0.7.tif

landCoverclip_ES
ACCI-LC-L4-LCC
5-Map-300m-P1
¥-2015-v2.0.7.4F

clip_ESACCI-LC-

L4-LCCS-Map-30

Om-P1Y-1988-v2.
0.7

clip_ESACCI-LC-

L4-LCCS-Map-30

Om-P1Y-2011-v2.
0.7

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1
¥-2003-v2.0.7.tif

matrix

clip_ESACCI-LC-

L4-LCC5-Map-30

Om-P1Y-1999-v2.
07

Radinet ™
clip_ESACCI-LC-
L4-LCC5-Map-30
Om-P1Y-2012-v2.

07

S

s

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1

¥-2004-v2.0.7.tif

SEEA_Classes

clip_ESACCI-LC-

L4-LCC5-Map-30

0m-P1Y-2013-v2.
07

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1
¥-2005-v2.0.7 tif

clip_ESACCI-LC-

L4-LCCS-Map-30
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07
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clip_ESACCI-LC-

L4-LCC5-Map-30

Om-P1Y-2014-v2.
07

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1
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07
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L4-LCC5-Map-30
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07

landCoverclip_ES
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$-Map-300m-P1
¥-2007-v2.0.7.ti
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Om-P1Y-2003-v2.
0.7

-

landCoverclip_ES
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5-Map-300m-P1
Y-1995-v2.0.7.4iF

=

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1
¥-2008-v2.0.7.tif

clip_ESACCI-LC-

L4-LCCS-Map-30

Om-P1Y-2004-v2.
0.7

>

landCoverclip_ES
ACCI-LC-L4-LCC
5-Map-300m-P1
Y-1996-v2.0.7.41F

landCoverclip_ES
ACCI-LC-L4-LCC
S-Map-300m-P1
¥-2009-v2.0.7.tif

clip_ESACCI-LC-

L4-LCCS-Map-30
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07

landCoverclip_ES
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landCoverclip_ES
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S-Map-300m-P1
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On the following pages, there are examples of maps, matrices and statistical tables generated
using the code listed above in RStudio and formatted in Excel as required.

You have completed Step 3 of 3! Well done on producing your visualizations, maps and
statistical tables! We wish you good luck as you continue the journey ahead.
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Step 3 — Generating land cover change maps and statistical tables

Land Cover Change

Year 1995

Year 2015

Land Cover [ Grassland || Sparsely natural vegetated areas
I Tree covered areas [ Terrestrial barren land
I Artificial surface [ Mangroves | Permanent snow and glaciers
0 250 500 km [7771 Herbaceous crops I Shrub covered areas 7] Inland water bodies
e B Woody area [ Shrubs and or herbaceous (flooded) Il Other

[ Multiple or layered crops
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Step 3 — Generating land cover change maps and statistical tables

Land Cover Change Matrix - Ganges Brahmaputra River Basin

Year 2015 Land Cover in square km

Year 1995 Land Cover in square km

Sum —
1 2 3 4 5 6 7 8 9 10 11 12 13 Year 1995

1 2,975.50 - - - - - - - - - - - - 2,975.50
2 2,873.40 298,789.80 0.60 113.00 284.30 665.50 23.80 12.20 0.40 2.50 108.10 - 546.60 303,420.20
3 5.50 - 2,375.70 0.20 0.30 2.90 - - - - - - - 2,384.60
4 3,773.70 21.50 0.70 673,849.60 1,879.10 4,375.10 39.10 23.10 0.40 11.90 133.30 - 400.40 684,508.00
5 289.00 807.90 0.40 819.90 293,469.90 251.50 4.00 2.10 0.60 223.40 900.50 - 623.20 297,392.40
6 85.60 1,385.90 27.80 5,369.90 100.70 325,296.30 0.50 525.00 20.10 - 1.00 - 27.90 332,840.70
7 2.50 11.20 - 18.10 0.90 18.20 5,341.00 0.10 0.10 - - - 102.90 5,494.90
8 50.70 1,720.00 59.30 2,669.80 78.60 8,376.60 26.60 24,573.20 1.00 0.10 2.40 - 9.20 37,567.30
9 0.20 - - 2.40 - 8.90 0.20 - 667.20 - - - 1.40 680.30
10 5.00 2.70 - 3.20 689.00 - - - - 1,673.60 11.70 - 5.10 2,390.50
11 3.90 43.10 - 30.00 4,589.90 - - 1.60 - 209.60 23,205.80 - 14.80 28,098.60
12 - - - - - - - - - - - 32,579.00 - 32,579.00
13 68.70 161.80 0.20 125.50 324.40 84.60 19.20 1.10 2.20 13.40 304.80 - 31,610.90 32,716.80
Y:aurngo_ls 10,133.60 302,944.00 2,464.70 683,001.60 301,417.10 339,079.50 5,454.30 25,138.30 692.10 2,134.50 24,667.70 32,579.00 33,342.30 1,763,048.70

a A W N

Artificial surface
Herbaceous crop
Woody area

Multiple or Layered crop
Grassland

Tree cover areas
Mangrove

Shrub cover areas

Shrubs and or herbaceous areas

10
11

12
13

Sparsely natural vegetated areas
Terrestrial barren land

Permanent snow and glacier
In land water Bodies
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Step 3 — Generating land cover change maps and statistical tables

Table showing Land Cover Changes Among Categories

% Difference
Year 1995 % of | Year 2015 % of | between 1995 and
Year 1995 Year 2015 Difference Total Total 2015
1 2,975.50 10,133.70 7,158.20 0.20% 0.60% 241%
2 303,420.20 302,943.90 (476.30) 17.20% 17.20% 0%
3 2,384.60 2,464.70 80.10 0.10% 0.10% 3%
4 684,507.90 683,001.60 (1,506.30) 38.80% 38.70% 0%
5 297,392.40 301,417.10 4,024.70 16.90% 17.10% 1%
6 332,840.70 339,079.60 6,238.90 18.90% 19.20% 2%
7 5,495.00 5,454.40 (40.60) 0.30% 0.30% -1%
8 37,567.50 25,138.40 (12,429.10) 2.10% 1.40% -33%
9 680.30 692.00 11.70 0.00% 0.00% 2%
10 2,390.30 2,134.50 (255.80) 0.10% 0.10% -11%
11 28,098.70 24,667.60 (3,431.10) 1.60% 1.40% -12%
12 32,579.00 32,579.00 - 1.80% 1.80% 0%
13 32,716.80 33,342.40 625.60 1.90% 1.90% 2%
1 Artificial surface
2 Herbaceous crop
3 Woody area
4 Multiple or Layered crop
5 Grassland
6 Tree cover areas
7 Mangrove
8 Shrub cover areas
9 Shrubs and or herbaceous areas
10 Sparsely natural vegetated areas
11 Terrestrial barren land
12 Permanent snow and glacier
13 In land water Bodies
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Appendix

The Appendix gives a brief overview of QGIS and R and RStudio, which are the open-source
programs 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:

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

Downloading and Installing QGIS
1. Gotothe 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
e 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 3.14.15 Pi' and was released on 14.08.2020
The lang-term repositories currently offer QGIS 3.10.9°A Coruiia

QGIS is available on Windows, macOS, Linux and Android,

INSTALLATION DOWNLOADS ~ ALLRELEASES ~ SOURCES

Download for Windows g

QGIS in O5GeodW:

'y /*\ 0SGeo4W Network Installer (64 bit) 3
\/

'y f*\ 0SGeodW Network Installer (32 bit) @
\/

In the installer choose Desktop Express Install and select QGIS to install the iatest reiease.
To getihe long term release (ihat is not also the latest release) choose Advanced Install and select agis-Hr-full
To get the bleeding-edge development build choose Advanced Install and select qgis-dev-full

Standalone installers from O SGeodW packages

Latest release (richest on features).

'y Q QGIS Standalone Installer Version 3.14 (64 bit) L}

sha2s6 a
i Q QGIS Standalone Installer Version 3.14 (32 bit) e
sha266 .

Long term relezse repository (most stabie):

& Q QGIS Standalone Installer Version 3.10 (64 bit) [}

sha256

'y o\ QGIS Standalone Installer Version 3.10 (32 bit) L}

sha256

For the exercise in this guide, we used the 64-bit version, and downloaded and installed QGIS-
0OSGe04W-3.10.9-1-Setup-x86_64 as shown in the picture below:

Q 0G15-05Ge0dW-3.10.9-1-5etup-x 86_64 Application
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3. On the Welcome to QGIS-OSGe04W-3.10 page, click on Next button as seen below:

(2 QGIS 3.10.9 ‘A Coruiia’ Setup - X

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'.

l 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.

310

A Coruna

mp ] -

4. Click on | Agree for license:

() QGIS 3.10.9 'A Corufia’ Setup — X
License Agreement
Please review the license terms before installing QGIS 3.10.9 A Corufia'’, Q

Press Page Down to see the rest of the agreement.

:_i::ense ovEerview: 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. Orade Instant Client

&, MrsID Raster Plugin for GDAL

7. The HOFS library for reading and writing HOF5 format

&. The HDF4 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 Systerm w2,50 ‘
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5. Click on Next in Choose Install Location:

@ QGI53.10.9°A Corufia® Setup -

Choose Install Location
Choose the folder in which tainstall QGIS 3. 10,9 "A Coruria’

chck Browse and select another folder, Chak Next to contimue,

Destination Folder

Space required: 1.8GE
Space available: 354.9G8 '

<Back || mext>

6. Once the installation process is complete, click on Finish.
The software is now installed on your computer and ready to use.

\Program Fles OGS 3. 10 Browse. ..
1

o

-~

Satup will install QGIS 3. 10,9 'A Corufia’ in the following folder. To install in a different folder,

(2 QGIS 3.10.9 ‘A Coruna’ Setup -

Completing the QGIS 3.10.9 'A
Coruna' Setup Wizard

Chck Finish to close this wizard,

N

310

A Coruna
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More Characteristics of QGIS

The QGIS interface has four areas:

s QIS dcelade - = [IEN
Progect e e LA WGl P Wty et Dansheed oAb fraoRlng PR :'q.]_|:[|_'|_'| HIL'I'

o L oy =
Ly Lo ¥ -

e =

D B T 3

v -
L]

HROR fopmpiROQ@@G %A% B- B-

|

]

12

Panel
Map Display
P =
- T i
Panel
ﬂ.::aw-r 10 L R0S Somlw | UL MOEM + N Ao -:.

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

bookmarking, and annotation tools.

If you want to customize, you can:

e 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.

e assign shortcut to actions by clicking Settings | Configure shortcuts.

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

Settings | Options.
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B. R and RStudio

R is a programming language and free software environment for statistical computing and
graphics; and RStudio is an integrated development environment for R.

Downloading and Installing R program

1. Go to this website (https://cran.r-project.org/bin/windows/base/), and download R as

shown in the picture below:

| Download R 4.0.3 for Windows (85 megabytes, 32/64 bit) |

Installation and other instructions
New features in this version

If vou want to double-check that the package yvou have downloaded matches the package distributed by CRAN. you can compare the md3sum of the .exe to the fingerprint on the master server.
avatlable.

Frequently asked questions

* Does R run under my version of Windows?
+ How do I update packages in my previous version of R7
s Should I run 32-bit or 64-bit R?

Please see the R FAQ for general information about R and the R Windows FAQ for Windows-specific information.
Other builds
* Paiches to this release are mcorporated in the r-patched snapshot build.

+ A build of the development version (which will eventually become the next major release of R) 1s available i the r-devel snapshot build
* Previous releases

Note to webmasters: A stable link which will redirect to the current Windows binary release is
=<CRAN MIRROR='bin windows/base release html.

Last change: 2020-10-10

2. Define the Setup Language as English and click OK:

Select Setup Language X
Select the language to use during the
inzstallation.

English w

> =

3. Click Next in the Setup Domain as shown below:

ESCAP Statistics Division 42


https://cran.r-project.org/bin/windows/base/
https://cran.r-project.org/bin/windows/base/

Appendix

i Setup - R for Windows 4.0.2 - X
Information .
Please read the following impartant information before continuing. R

When you are ready to continue with Setup, dick Mext.

| GMU GEMERAL PUBLIC LICEMSE rS
Version 2, June 1991

Copyright (C) 1982, 1991 Free Software Foundation, Inc,

51 Franklin 5t, Fifth Floor, Boston, MA 02110-1301 USA
Everyaone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away vour
freedom to share and change it. By contrast, the GMU General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users, This
General Public License applies to most of the Free Software

[ i Py & PRSP < T — P TP & M SR | Ep—

4. Select all Components and click Next:

i3 Setup - R for Windows 4.0.2 - ¥

Select Components .
Which components should be installed? R

Select the components you want to install; dear the components you do not want to
install. Click Next when you are ready to continue,

User installation v

Core Files 87.1ME

32-hit Files 50,6 MEB

&4-hit Files 57.4 ME
E55age Tansiauons .

M translati 7.3MBE

Current selection requires at least 204.6 MB of disk space.

5. In Startup options, choose to accept defaults and click Next:
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i Setup - R for Windows 4.0.2

Startup options Y
Do you want to customize the startup options? R

Please specify yes or no, then dick Mext.

() Yes {customized startup)
(®) No (accept defaults)

< Back Cancel

6. Select Additional Tasks; and click Next:

]

Select Additional Tasks .
Which additional tasks should be performed? R

Select the additional tasks you would like Setup to perform while installing R for
Windows 4.0.2, then dick Next.

Additional shortouts:

[] create a desktop shortout

[] create a Quick Launch shortout
Registry entries:

Save version number in registry

Assodate R with .RData files

< Back Cancel

7. Please note that it will take a couple of minutes to Install the software, and the picture
below shows on screen while the installation is taking place:
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i5 Setup - R for Windows 4.0.2 - X
Installing
Please wait while Setup installs R for Windows 4.0, 2 on your computer, R

Extracting files...

Cancel

8. Once the installation process is complete, click on Finish:

i5 setup - R for Windows 4.0.2 -

Completing the R for Windows
4.0.2 Setup Wizard

Setup has finished installing R for Windows 4.0.2 on your
computer, The application may be launched by selecting the
installed shortouts.

Click Finish to exit Setup.
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Appendix
Downloading and installing RStudio (Free Version)

1. Go to this website (https://rstudio.com/products/rstudio/download/) and download the
latest free version of RStudio Desktop as shown in the picture below:

P
H op @ Sema

2. The version used in this guide is shown in the picture below:
& R5tudio-1.3.1073 8/19/20209:03 PM Application

3. On the Welcome to RStudio Setup page, click Next:
o) R5tudio Setup — %

Welcome to RStudio Setup

Setup will guide you through the installation of RStudio,

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

Click Mext to continue.

4. Choose Install Location, and click Next:
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Appendix

(77 RStudio Setup — x

Choose Install Location
Choose the folder in which to install RStudio.

Setup will install RStudio in the following folder. To install in a different folder, dick Browse
and select another folder. Click Next to continue,

Destination Folder

C:\Program Files\RStudio Browse...

Space required: 996,5 MB
Space available: 346.1 GB

5. To initiate the installation process, click Install:

(77 RStudio Setup — =

Choose Start Menu Folder
Choose a Start Menu folder for the R5tudio shortouts.

Select the Start Menu folder in which you would like to create the program's shortouts. You
can also enter a name to areate a new folder.

|

7-7ip LS
Accessibility

Accessories

Administrative Tools

] oo not create shortouts

< Back Install Cancel

6. Please note that it will take a couple of minutes to Install the software, and the progress
bar shows while the installation is taking place:
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1 RStudio Setup —

r\ Installing
:_z/ Please wait while RStudio is being installed.
v

\\

Extract: pandoc.exe... 51%

Show details

7. 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.

(o1 R5tudio Setup —

Completing RStudio Setup

RStudio has been installed on your computer,

Clidk Finish to dose Setup.

[ _Fnsh |
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C. 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 land

cover changes on the chosen area.

For illustration, this guide shows how to map the land cover changes along the Ganga
Brahmaputra River Basin in India, as it is one of the largest river basins in the Asia-Pacific region;
the user can 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 datasets are outlined. We encourage the
user to investigate and determine which datasets are most suitable.

Administrative Boundaries

This table 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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