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l. QGIS Overview

I-1. Introduction of QGIS Application

QGIS is a free and open-source desktop GIS application that allows users to create, edit,
visualize, analyze and publish geospatial information. It has a user-friendly graphical user
interface (GUI) and it provides various analysis tools. QGIS consists of four products that are QGIS
Desktop, QGIS Browser, QGIS Server and QGIS Client. Among those products, QGIS Desktop is a
basic program to process data and the others are usually used for searching or sharing geospatial

data. Therefore, we will explain how to use QGIS Desktop as a supportive tool for decision making.

STEP 0. Install Q-GIS Application

1. Access to the site (https://www.qgis.org/en/site/forusers/download.html), and download

the file.

2. Click QGIS Standalone installer Version 3.28 (32/64bit)
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Download QGIS for your platform

Binary packages (Installers) are available from this page.

The current version ks QGIS 3.32.0'Lima’ and was released on 23.06.2023
The long-term repositories currently offer QGIS 3.26.8 Firenze’

QGIS Is avallable on Windows, macOS, Linux, Android and I0S.
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Download for Windows

The OSGeodW Installer Is recommended for reqular users or organization deployments. It allows to have several QGIS versions in ons
piace, and to keep each component up-fo-aate Indlvidually without having to downicad the whale package.

Since QGIS 320 we oaly ship 64.bit Windows executables

Figure 1 Selection of the QGIS software

3. Open Source Programme Before starting QGIS Programme, we can set option (language

setting, toobox setting, and etc.).

4. Setting language setting


https://www.qgis.org/en/site/forusers/download.html
https://www.qgis.org/en/site/forusers/download.html

1) Click Setting > Options > Override system locale > American English and C Default (C)
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Figure 2 Setting and options button to change the language
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Figure 3 Language setting option
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Figure 4 QGIS interface after changing language

When you open QGIS, you will have a new, blank map as a below picture (Figure 5). The main
menu toolbar is placing at the upper side of the window and the toolbox is on the right side.
Browser and layer windows are on the left side, and python console is on the lower side. Before

starting any process through this program, you can change the default setting for your



convenience. For example, you can also change the default language of the program according to
your country. On the main menu toolbar, there is a setting section and you will see options under

that section. This will make it possible to change any options you want.

Main menu toolbar
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Figure 5 Introduce of QGIS interface

After every setting has done, you need to click the ‘Open Data Source Manager’ button to load
anew file on this blank map and find the file that you want to use. The next step is processing data.
This can be conducted on the ‘Data Source Manager’ window (Figure 6). It will come out by

clicking the button on the left upper side and you will see the various method of data processing.
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Figure 6 To conduct on a data source manager

STEP 1. Exploring QGIS



1. To rearrange the toolbar, select View > Toolbars to add extra toolbar
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Figure 7 To rearrange the toolbar

2. To add data select Layer > Add Layer > Add Vector / Raster Layer or click Data source

manager
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Figure 8 To add data

3. To view attribute data (Figure 9), click right point at the Layers Window on the left, click



on the name of data and select ‘Open Attribute Table’

QX “Untitled Project — QGIS - =] *
Project Edit View Layer Settings Plugins Vector [aster Databsse Vieb Mesh SCP Progessing Help
™ & = £ il ~ =
BRR DLL,APPL "L B tlORQ AEHEHFI=-§ -
LAY AN s =a Hqa "R H
E-2-6-5
Browser am Processing Toolbax %@
Vo cevme ®e08 9 &
= Eavorites sarch
u |
+ 1% Spatial Bockmarks v (0 Recently used
B :fﬂume v Q@ Cortegrashy
=P + @ Ostabase
% | Dow + @ Fie tooks
4 » DD ew + @ Interpolation
2 ' L’"-w b Q Layer tosls
' D ' Qe
v W “ * @ Netwerk analysis
‘1 " Layers L v Q@ Pl
- - v Q Raster aralysis
@ vawvrs-drn » @ astercreation
% WSM- Al s ZWMW\JW. : g :z: temain analysis
@- Zoom to Selection » @ Vector sk
T Show In Overview * @ vector creaticn
Va- Shw Feture Count + Q@ vector geaensl
o + @ vector geometry
Copy Layer ° * @ Vvector overlay
Regame Layer * @ Vector selection
) Dusliests Laper + @ Vector tale
g ;g
» g GRASS
J Toggle Editing ’ %sm
» Web Tools

Eitr
Change Data Source
St Layer Scale Visbity

Layer CRS .
Export '
£
Bropertes

Toagies e editing state of ihe cument layar

Coongnte| 12 iAW Sces 1A v | @ Mesniber 107 |3 Rewston 000 |5 W Aendsr @cPSGaxs @

Figure 9 To view attribute data

4. To overview layer (Figure 10), click View > Panels > Check ‘Overview Panel’ > Right click

of mouse on the name of data and check ‘Show in Overview’
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Figure 10 To overview layer

5. To select the features (Figure 11), use toolbars (in the Red box) of attribute table
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Figure 12 To search by using expression-based filter



7. To Create a new field, click (on the attribute table) Toggle editing mode > New column

Figure 13 To create a new field
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8. To open Layers Plugin (Figure 14), click Plugins > Manage and Install Plugins > All >

OpenLayers Plugin

Q *Untitled Project — QGIS
Project Edit View Layer Settings

jectgrRasterDatabase Ve Mesh SCP Progessing  Help

Vi
Python Console cot

BRLEOS O EEHE

= « s

DeBRR®X =
L AV A N s 5 S s~z B
Q@ Plugins | All (1025) X
\
3 Bearch
Vo SRR ‘ - AcATaMa All Pl
B » - 2
:j ' 52'.273 Sockmarks # Actions for relations ugins
i~ :‘;’" .:‘c’vdve e t road s On the left you see the list of all plugins available for your QGIS, both
% ow .Ad a pg":a S shgn i lled and lable for d load. Some plugins come with your QGIS
VA - » Mw‘"s ot installation while most of them are made available via the plugin
B o » = d-""s ‘y'" repositories.
: Adresssuche You can temporarily enable or disable a plugin. To enable or disable a

- o Advanced Line Editor plugin, click its gheckbox or double-click its name...
@®- » AemetOpenDataDownloader Plugins showing in red are not loaded because there is a problem. They
(] *+ gl # AGIS are also listed on the 'Invalid' tab. Click on the plugin name to see more
@ - 9 eI # agknow for QGIS details, or to reinstall or uninstall this plugin.
\; 3 # AGT - Archaeological Geophysics T

9 “m% .Y _— # Alloy Search Here

4 - # ALS Downloader
v [1] geoBoundaries-wsM-ADM2 » AmigoCloud

# AMIL-Assistente de Mapa Interativc
#» ANA Data Acquisition

» Anaximandre

# Andalusian Population

#» Animate OSM

# Animove
#» Annotation to Label
# AnnotationManager
AnotherDXFimporter
:Annmd mer:fffln TR ~|| Upgrade All Uninstall Plugin Reinstall Plugin
Close Help
Coordinste| 172305135 | W Scale 1408215 - | @@ Magniter| 100 |2| Rotation |00°

Processing Toolex

a0

Recently used
Q Cartography
Q Database
Q File tools
Q interpolation
Q Layer tooks
Q mesh

Q@ Network analysis
Q Fiots

Q Rastee analysis

Q Rastee creation

Q Raster temain analysis

» Q@ Raster tooks

Q@ Vector analysis

» Q@ Vector creation

Q@ Vector table

» Q Vectortles
» & GOAL
» @ GRass
& saca
» 4 Wied Tools

|V Rencer BEPscuxs @

Figure 14 To open layers plugin



[-2. Data format

Before processing data, there are some important things in GIS to be noticed (Figure 15). In
GIS, there are two data formats which are spatial data and non-spatial data. Regarding non-spatial
data, it is statistical data that is presented as numbers or words. On the other hand, spatial data
has a specific feature that presented as a shape. In addition, this shape can be made by different
components. According to the components, Spatial data can be divided into two groups. One is

vector and the other is raster.

Vector data consist of three types of geometry according to the geographical features which
are point, line, and polygon. The geometry structures hold information in themselves and each
geometry feature can carry multiple attributes instead of just one, as an example, a database of
cities can have attributes for name, country, population, etc. In addition, data storage can be very

efficient compared to raster data.

Raster data is useful for storing data that varies continuously, as in an aerial photograph, a
satellite image or an elevation surface. Additionally, Raster data stores the data in the type of
digital image represented by reducible and enlargeable grids and these grids of cells contains a
value representing information, such as temperature, discrete data represents features such as

land-use or soils data.

| GIspata |
I
I |
| Spatial Data | | Attribute Data |
I
[ ]
Vector | | Raster
Point Line Polygon Pixel DMBS
* ¢ EEEEE—— . % ----
* ¢ o o e |
Shape File Image File
-shp .shx .sbn .img tif ... dbf ...
.sbx .prj ...

Figure 15 Various data format of GIS: vector, raster, and attribute data



I-3. Basic Tool (Map composition)

STEP 1. Add CSV File as Layer
1. Click Layer > Add Layer > Add delimited text layer

2. Open Protected_Area_Samoa (. .Csv) dataset from source

(./KU_material/1_background/spi_table.txt)

3. Set Geometry Definition > Point coordinates X, Y filed as long,, lat.

(2 Data Source Manager | Delimited Text x
i BT = File name | DHRI43_M S ORS00 E{ ¥ World_Database_Protected_Areas _points _SamoawProtected _Areas_Samoa,cev a

Layer name |Protected_#reas_Samoa Encoding | UTF-8 -
Vector

v File Format

r Raster

-y e CSY (comma separated values)

l‘!"_ Mesh
Regular expression delimiter

Delimited

Text Custom delimiters

"ﬁ GeoPackage

p Record and Fields Options

i* patiaLite w Geometry Definition
Postgr & Point coordinates #field  long ~ | Z field T
MS50 Well known text (WIKT) i | | CIEIE 7
. DMS coordinates
Oracle Mo geametry (atribute only t&0IE} ooy CRS | Project CRS: EPSG 4326 - WGS 84 - (&
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+ wirtual Layer SR (el
_ -~ FID  Shape gid wdpaid wdpa pid  pa_def name orig_name desig | *
aBERLAE 10 Multipoint 20820 555547692 555547638 Lu'ua Faga Lu'ua Faga Community Based
2 |1 Multipeint | 20799 555547677 555547677 Aufaga Lepa (g) Aufaga Lepa () Community Based
A 3|2 Multipeint 20789 313370 313370 Sasina Sasina Other Area
Features 4 |3 Multipoint 20847 555547725 555547725 Savaiz Lefaga (2) Savaiz Lefaga (g) Community Based
wee 5 |4 | Multipoint 20788 145498 145498 Uafato Uafato Conservation Area
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Figure 16 How to add CSV file



Figure 17 Protected area point data of Samoa

STEP 2. Save Layer as Point Shape File (Figure 18)
1. Right click on the layer

2. Export > Save Features as > select ESRI (... shp) as a Format > Input File name > Save



L Save Vector Layer as... -

Format ESRI Shapefile -
File narme |_Database_Protected_sreas_points_SamoaWProtected _dreas_Points, shp

Laver name

CHS EP5G:4326 - WES 84 v ||

Encoding UTF-3 -
Save only selected features
p Select fields to export and their export options

P Geometry

2 Extent {current: none)

w Layer Options
RESIZE | WO -
SHPT -

p Custom Options

| Add saved file to map ()8 Cancel Help

Figure 18 To save vector layer as point shape file

STEP 3. Convert Vector to Raster
1. Click Processing > Toolbox > SAGA > Raster creation tools > Rasterize

1) Put Grid_code as an Attribute, attribute as an Output Value, Use layer extent (same as
point layer) as a Set output extent, Distance between points as a Cell size, [0]thin and

[0] node as Method for Lines and [0] node as Fit



2) Save file

(2 Rasterize (Vector to Raster) x
Parameters | Log
Input layer =
| 2" mean_temp [EP5E:4326] - | c:: Q},{) |__|
Selected features only
Field to use for a burn-in value [optional]
| 1.2 grid_code - |
& fiwed value to burn [optional]
' 0,000000 a |3
Output raster size units
| Georeferenced units - |
Width/Horizontal resaolution
0,010000 a |3
Height/verical resolution
1 0,010000 a |3
Cutput extent
|-172, 795833333, 171, 429166667, - 14, 045833333, -13, 445833333 [EPSG:4326] [ -
Assign a specified nodata value to output bands [optional]
| n_nnnnnn m [~
| 154 | Cancel
|Run as Batch Process: | FRun | Close | Help |

Figure 19 To rasterize

Figure 20 Vector of Samoa




STEP 4. Add Raster Data
1. Click Layer > Add Layer > Add Raster Layer
2. Click on the icon (Data Source Manager) Raster > Source > Add data

3. Open DEM (... .tif) raster dataset from source

(./KU_material/1_Background/ DEM/Dem_Kky:.tif)

Figure 21 To add raster data

STEP 5. Change Layer Styling
4. Click on the Property > Symbology

5. Change Singleband pseudocolor at a Render type, Spectral at color ramp and change min

and max value, opacity and custom style etc.



w Band Rendering -
,-’i Information Render type  Singleband pseudocolor - |
Band Band 1 {Gra =
‘:.‘:\\ Source | el |
> Min [0 | Max [1674 |
P Min / Max Value Settings
Interpolation | Linear
Color ramp —-_—
Label unit suffix | |
Rendering
! Label pracision |0 2]
“ Temporal Value Calor Label
o ryramids ) . 0
Hh Metadata
469 469
Legend
937 937
1406 1408
1874 . 374
Mode |Confinuous = | Classes | 5 3|
| Classify | |¥| |
Clip out of range values
w Color Rendering
Blending mode  Mormal - | # Feset |
Brightness c - o | [ Contrast - |0 2|
| Style - | 0K || Cancel || Apply || Help

Figure 22 To change layer styling

Figure 23 Layer styled raster file



STEP 6. Map Composer
1. Click Project > New Print Layout

2. C(Click Add item > Add Map, Add Legend, Add Scale Bar, Add North Arrow

(2 *Untitled Project — QGIS .
Edit View Layer Seftings Plugins Vet Lyou gon vew pers [IEER) ates setings

" New ctrl=N B0 - =
- B P W X msdivan bt
~ o F ~ .0 B
New from Template ' T Pl B R T 8 B B B B | | Undo ity
&
[ Open crl+0 o b sce e -
Open From » Jp ha Herk Ao - 7 o g 1
:  Add Shape T
3 o 40 Mk
‘Open Recent | R /2 Add Ao
% A Mot e
Clase i, Ada T,
75 A ammbute Tl
B save Cirl+S T e Tl oo | g | i
Save As Ctrl+Shift+5 &=
+ Genara Settings
Save To » Ratarence map | [ Map |
Revert. w Guides and Grid
61 spac
J Broperties. Ctrl-Shift+F e 2/ [mm
-
L
Snapping Options i .
imporEpor ; e
& New Print Layout Ctrl+P o=
3 New Report = Expor Setings
Expont resadsion 200 apl
[ Layout Manager. L . 1 e a rasier
Layouts » ::;y:;:::nm vectors.
o
Exit QGIS Ctrl-Q : 138 mm ¥iDmm Sawn mm

Figure 24 To add map, legend, scale bar, and north arrow

WSh_2005_DEMI arcsec_ASTERv3_f
0

[J 469

[ 937

[J 1406

B 1574

Figure 25 Added map, legend, scale bar, and north arrow



Il. Data (Satellite Imagery) Acquisition in GEE

Il -1. Introduction of GEE (Google Earth Engine)

Google Earth Engine (GEE) is a cloud-based geospatial analysis platform where users can
visualize and analyze massive satellite imagery assets in planetary scale. This platform provides
forty years of historical imagery and scientific dataset based on its own public data archive and

functions to analyze the data.

Google Earth Engine

Figure 00 Google Earth Engine Logo

Within the archive of GEE, various kind of Earth Observation (EO) data are included: (1)
Satellite imagery from different sensors such as Landsat, Sentinel and MODIS (2) Climate and
weather data (e.g. surface temperature, sea surface temperature, precipitation data, LAI(Leaf Area
Index), etc.) (3) Geophysical Data (e.g. Digital Elevation Models(DEM), land cover maps, cropland

data, night-time imagery, etc.)

To use GEE, it is necessary to connect to the service through the API (Application Programming
Interface). API (Application Program Interface) is a way of communicating with a particular
computer program or internet service and provides a point where user and service can interact.
GEE has three different APIs which are JavaScript, Python and REST. Today, we're going to access
GEE with JavaScript API using the Code Editor.

As a tip, make sure that you have enough storage space in the Google Drive before getting data
from GEE since, in most cases, we need multiple satellite images, and they take up plenty amount

of it.



I -1. What is Code Editor

The Earth Engine Code Editor (https://code.earthengine.google.com/) is a web-based IDE

(integrated Development Platform) for the JavaScript API. To get the access for the Code Editor; it

is needed to log in with a Google Account. In Code Editor, we can write the script using JavaScript

to search, filter, process, analyze and download the satellite images in the GEE catalog. The

elements of Code Editor are shown in the Figure 00 provided by GEE.

run script
save script

get link to script

search for data ﬁ imports
AP| documentation —————— ! l
Go l (a ]
. iyl @ — l l = - iy

SCript manager ——e CIYcCETT———

e e

asset manager

por—

geometry tools ——e

zoom ——e

Figure 00 Elements of Code Editor
(Source from Google Earth Engine (GEE))

console output

task manager

help button

inspect locations, pixel
values, and objects
added to the map

[— layer manager

As our manual is more focused on a land classification task itself than a data processing with

GEE, the detailed explanation about Code Editor and JavaScript isn’t included. Instead, the simple

written codes for each process will be given. If you want to practice Code Editor and JavaScript

from the scratch, access to the link below for the official tutorials.

(JavaScript Tutorials of GEE:

https://developers.google.com/earth-engine /tutorials /community/anomalies-analysis-smo-

and-pre)


https://code.earthengine.google.com/
https://developers.google.com/earth-engine/tutorials/community/anomalies-analysis-smo-and-pre
https://developers.google.com/earth-engine/tutorials/community/anomalies-analysis-smo-and-pre

Il -2. Data Processing with Code Editor

To acquire clear and task-oriented satellite images, it is inevitable to apply techniques to

process them. Therefore, Code Editor has variety of functions to do this. First, to sort out the

images from the collection, (1) filter images with the required condition and (2) map cloud and

cirrus mask, and scale factors. Then, after selecting the bands that are needed, (3) apply multi-

temporal composite with median filter within the target time range. Finally, to fill the missing data

where clouds and cirrus exist previously, (4) mosaic the composite image in longer period.

Time range (1) : targetyear (e.g. JAN. 01. 2013 ~ DEC.31. 2013)

Filter
Image Collection ,

Time
range (1
Boundary | ——

Cloud
cover

Map

Cloud & Cirrus
Mask

Scale Factors

Time range (2) : targetyear+ 1 (e.

g.JAN. 01. 2014 ~ DE

C.31.2

0

14)

Filter
Image Collection

Time
range (2

Boundary | ——

Map

Cloud
cover

Cloud & Cirrus
Mask

Scale Factors

—_

Select Bands

—_

Multi-temporal
composite (Median)

Select Bands

—_

Multi-temporal
composite (Median)

Mosaic
—>
(Gap filling)

Figure 00 Flowchart of Data Processing with GEE (Google Earth Engine)

The detailed process of each step will be explained in the following section <II -2.1. How to

process Landsat Imagery using Code Editor>.

Il -2.1. How to Process Landsat Imagery using Code Editor

STEP 1. Load Landsat Imagery with Filters

1. Accessto Code Editor (https://code.earthengine.google.com/) and log in with your Google

Account

2. Upload the boundary of Samoa: Click on Assets > New > Shape files > Source files > Select

* Files with extension “shp, .shx, .dbf” should be uploaded at once

3. Import the boundary shape file to the script: Click on Import into script of the boundary

shape file in the Assets

Load Landsat-8 Collection using the method (ee.ImageCollection)


https://code.earthengine.google.com/

5. Filter the collection by time range, boundary and ratio of cloud cover with chaining the

filtering methods (ee.ImageCollection.filterDate, ee.ImageColleciton.filter)

6. Below is the source code for STEP 1

* Imports (1 entry) B
¥ ’» var samoa: Table projects/samoa23/assets/samoa

1 wvar 18_13 d = ee.ImageCollection("LANDSAT/LCO8/CO2/T1_L2")
2 .filterDate('2013-01-01", '2013-12-31")

3 .filter(ee.Filter.calendarRange(5, 10, 'month"))

4 .filterBounds(samoa)

5

i .filterMetadata('CLOUD COVER_LAND', 'less than', 60)

Figure 00 Source code to load Landsat imagery with Filters

STEP 2. Map cloud & cirrus mask and the scale factors

1. Define the functions for the cloud & cirrus mask and the scale factors
* The scale factors and offsets for each band of Landsat 8, Level 2, Collection 2, Tier 1 can
be found in Earth Engine Data Catalog ( https://developers.google.com/earth-
engine/datasets/catalog/LANDSAT LC08 C02 T1 L2)

MOOS  Seminw  APDocE

USGS Landsat 8 Level 2, Collection 2, Tier1 o~

Dataset Availability

Dataset Provider

Earth Engine Snippet

ee. ImageCollect ion("LANDSAT/LC8S/CB2/T1_L2

Tags

Figure 00 Scale Factors and offsets of Landsat-8 in Earth Engine Data Catalog

2. Map the defined functions for the cloud & cirrus mask and the scale factor over the

collection (18_13_d) using the method (ee.ImageCollection.map)


https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LC08_C02_T1_L2
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LC08_C02_T1_L2

3. Below is the source code for STEP 2

8

//Applying the scale factors

9~ function applyScaleFactors(image) {

1e
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3e
31
32
33
34
35
36
37
38
39
40
41

Figure 00 Source code to map cloud & cirrus mask and the scale factors over the collection

var opticalBands = image.select('SR_B.').multiply(©.6000275).add(-6.2);
//var cdistBand = image.select('ST_CDIST').multiply(©.81);
//var thermalBands = image.select('ST_B.*').multiply(©.60341802).add(149.0);
return image.addBands(opticalBands, null, true);
// .addBands(thermalBands, null, true);
//.addBands(atranBand, null, true).addBands(cdistBand, null, true);

//Applying the cloud & cirus mask
~ function maskL8srClouds(image) {

// Bits 3 and 5 are cloud shadow and cloud, respectively.
var cloudShadowBitMask = (1 << 4);
var cloudsBitMask = (1 << 3);
var cirusBitMask = (1 << 2);
// Get the pixel QA band.
var ga = image.select('QA_PIXEL');
// Both flags should be set to zero, indicating clear conditions.
//kernel
var kernel_radius = 2
var kernel = ee.Kernel.square({
radius: kernel_radius, units: 'pixels', normalize: false
B

var kernel_sum = Math.pow(kernel_radius*2+1,2)

var mask = ga.bitwiseAnd(cloudShadowBitMask).eq(@)
.and(qa.bitwiseAnd(cloudsBitMask).eq(@))

.and(ga.bitwiseAnd(cirusBitMask).eq(@)).convolve(kernel).eq(kernel_sum);

return image.select('SR_B.', 'QA PIXEL")

//map the functions
18_13_d.map(maskL8srClouds)

.map(applyScaleFactors);

STEP 3 & 4. Multi-temporal composite with median filter

1. Composite all the images in the collection (/8 13 d) of the target year using the median

filter method (ee.ImageCollection.median)

2. Execute the same process (STEP1 & 2) on the collection in longer period for gap filling

& Mosaic composite images for gap filling

*the year for gap filling in the source code is from 2014 to 2016

3. Composite all the images in the collection (/8 13 d backup) for gap filling using the

median filter method (ee.ImageCollection.median)

4. Mosaic the composite images of the target year (composite 18 13 d) and for gap filling

(composite_18_13_d_backup)

*the target year of the source code is 2013’



5. Below is the source code for STEP 3 & 4

41 wvar 18_13_d_backup = ee.ImageCollection("LANDSAT/LC&8/C82/T1_L2")

42 .filterDate('2013-01-81', '20816-12-31")

43 .filter(ee.Filter.calendarRange(5, 18, 'month'))

44 .filterBounds(samoa)

45 .filterMetadata('CLOUD_COVER_LAND', 'less_than', 60)
46 .sort('CLOUD_COVER_LAND")

47 .map(maskL8srClouds)

48 .map(applyScaleFactors);

49

58 var composite_18_13_d_backup = 18_13_d_backup.median().clip(samoa);
51 var 18 21 _d_expand = ee.ImageCollection.fromImages([composite_18_21_ d_backup, composite_18_21_d]).mosaic()

Figure 00 Source code to composite images with median filter
and mosaic composite images for gap filling

(1) Single Satellite Image (cloud cover < 60 %) (2) Masked Single Satellite Image

(3 & 4) Satellite image after Composite & Mosaic (2013 - 2016)

Figure 00 Changes in Satellite Image during the Data Processing

In case of Samoa where high-quality of satellite imagery are insufficient due to the occurrence of persistent
noises around the cloud forest, it is recommended to process data with further techniques to remove all the
pixels with cloud and cirrus clearly. To know more about the data processing, feel free to view the full

version of the source code using link below.

(Link for the source code full ver:

https://code.earthengine.google.com/33f3c¢2351b237113ebdef012dd78264f)



https://code.earthengine.google.com/33f3c2351b237113ebdef012dd78264f

I"l. Classification

Il -1. Introduction of Classification

Classification involves the process of categorizing each pixel into predefined classes. Methods for

classification are typically categorized into two main types: supervised and unsupervised classification.

Unlike unsupervised classification, supervised classification requires input from the user based on

predefined criteria.

Supervised learning

Unsupervised learning

Definition

Training the classifier with labeled

training data where the correct

answers (classification categories) are

specified.

Training the classifier with unlabeled
training data where the correct answers

are not specified.

Learning Data

Training data with specified labels

(correct answers).

Training data without specified answers

(labels).

Learning Process

Train the classifier with the training
data and then validate it using the

validation data.

Using clustering algorithms to group
pixels or objects that have similar

characteristics together.

Information about the classification

Discovering classification categories

learning

Class
categories is needed in advance. through the data.
Suitable for classifying images into | Suitable for Exploratory Data Analysis
Application
specific categories. (EDA).
- Low flexibility, high complexity. - High flexibility, low complexity.
Other
- Relatively high level of wuser |- Relatively low level of user
characteristics
involvement. involvement.
Maximum Likelihood, Random Forest,
Representative | SyM (Support Vector Machine), and
K-means Clustering, ISODATA
algorithm other ensemble models in machine

Although QGIS does not offer an integrated classification tool, users can employ the Semi-Automated

Classification Plugin (SCP Tool), developed externally, to perform classification tasks.




* Install SCP Tool

1. Click Plugins > Manage and Install Plugins...

(@ Untitled Project — QGIS
Project Edit Wiew Layer Sefttings

[ [ 8¢
A, python Consale

Plugins

Vector Raster Database
% Manage and Install Plugins..

Ctrl=+Alt+P
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Layers B project Templates

@ scp
# SCP-Plugin
Vi

Not installed
74 Upgradeable

Install from ZIP

* Settings

]

There is a new version available

Semi-Automatic Classification Plugin

The Semi-Automatic Classification Plugin (SCP) allows for the
supervised dassification of remote sensing images, providing tools for
the download, the preprocessing and postprocessing of images.

Developed by Luca Congedo, the Semi-Automatic Classification Plugin (SCP) allows for the
supervised classification of remote sensing images, providing tools for the download, the
preprocessing and postprocessing of images. Search and download is available for ASTER,
GOES, Landsat, MODIS, Sentinel-1, Sentinel-2, and Sentinel-3 images. Several algorithms are
available for the land cover classification. This plugin requires the installation of GDAL, OGR,
Numpy, SciPy, and Matplotlib. Some tools require also the installation of SNAP (ESA Sentinel
Application Platform). For more information please visit https://fromgistors.blogspot.com .

77777777 550 rating vote(s), 1679793 downloads

Category Raster

Tags raster, classification, land cover, remote sensing, analysis, aster,
goes, landsat, sentinel, supervised classification, spectral -

Upgrade &ll Uninstall Plugin| | Upgrade Plugin

Close Help



Il -2. Class, ROI (Region of Interest)

To classify satellite imagery, one must first determine which classes (or categories) to use. Unlike
unsupervised classification, supervised classification requires determining classification categories and
setting Regions of Interest (ROIs) based on these categories. Here, an ROI refers to a specific area within

the imagery that the user has outlined and defined as one of the predefined categories.

This task involves collecting Training Samples, also known as training data, to generate data that the
program can use for classification. For instance, if one wants to classify forests within satellite imagery, the
user would manually designate representative areas within the forest and non-forest regions. The program
would then be trained using these designated forest and non-forest ROIs, enabling it to automatically

classify similar areas as either forested or non-forested based on their data values.

Il -3. Supervised Classification Practical Exercise:

1. Click on the 'Semi-Automatic Classification Plugin' icon, then click on the icon (Open a file) in the
Band Set tab. Select the band set you previously created and choose the corresponding Wavelength
quick settings. In Wavelength quick setting, you can choose the setting selection according to the

satellite imagery you are using.

Semi-Autematic Classification Plugin — [m] x
Filter -
Multiband image list oy
# Band set E]
» o Basic tools - ¥] i
& Download products Single band list Filter @
» [+ Preprocessing .
» # Band processing =
4 Postprocessing O
ﬁ Band calc
@ Batch —
» 3 Settings E
EE User manual
{8 Help
[/ About +
Band et definition
Band set 1 X ﬁ
Band name Center wavelength Multiplicative Factor Ad= [I]
1| mosaic_13#b0 0.44 1 o
2/ mosaic_13#b1 048 1 o @
3 mosaic_13%b2 056 1 o = E]
] 3 :l
‘Wavelength - ||Wavelength ~ o 01-01 -
A ongn o | Landsat 8 OLl [bands 1, 2,3, 45,6, 7) |unit um (1 E-fm) ~Date 2020-01-01 ~ | (§) [(4)

Band set tools

Create raster of band set

Create virtual raster of band s {stack bands) Build band overviews Band calc expressions RUN

\"4

2. On the 'SCP Working Toolbar, set the 'RGB =" to 3-2-1.
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3. After creating the samoa.scp file through the 'Training input' tab in the SCP Dock, verify that the

'samoa’ layer has been added to the Layers panel.
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4. Inthe SCP Working Toolbar, click on 'Create a ROI polygon' and designate the areas corresponding

to forests as follows. By changing the previously set RGB values to 4-3-2, areas where vegetation

is distributed appear in red, making it easier to distinguish forested areas. When drawing the ROI,

left-click to create points and right-click to create polygons.
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5.

6.

At the bottom of the SCP Dock panel, there is a section for defining the MC (Macro Class) and C
(Sub-Class) factors related to the currently selected area. Here, MC refers to the macro class, while
C indicates the sub-class. Information for MC and C is written as illustrated below. Click on 'Save
temporary ROI to training input' to create the classes.

SCP &Dock 2=
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Layers SCP Dock | Browser

Set up multiple Classes within a single Macroclass to prepare classification samples. Similarly, add

training data for urban areas (Settlement) and water bodies (Water) using the same approach.
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7.

In the '"Macroclass list' tab, select appropriate colors for each class.
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8. In the 'Spectral Signature Plot()' on the left side of the SCP ROI list, you can view the band-wise
spectral value statistics and graphs for the ROI areas.
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9. Click on the 'Classification' tab. Under 'Use’, select 'MC ID', and for the 'Algorithm’, choose

'Maximum Likelihood'.

10. Click on the 'Active classification preview pointer' icon, and when you click on alocation in the map

view, a classification preview for a certain area will be executed.

11. After confirming that the classification is appropriately performed through the preview, execute

the 'RUN' command to generate the final result with the classified land cover.

B rorest

Other Wooded Land
Other land

12. In the [SCP pop-up window] - [Postprocessing] - [Accuracy] - [input] - [Accuracy assessment],

input the following:

Select the classification to assess': t8 (Final result)



Select the reference vector to vector or raster': samoa.scp(*.scp file where the ROI is stored)

'Vector field': MC_ID
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Il -4. Unsupervised Classification Practical Exercise:

1.

Click on the 'Semi-Automatic Classification Plugin' icon, then click on the icon in the Band Set tab.
Select the B2~B?7.tif file and choose the corresponding Quick wavelength settings (Landsat 8 OLI
[bands 2, 3, 4, 5, 6, 7]).

In the left-hand list pane, select 'Band processing’, and then choose 'Clustering’ at the top.

Set the configuration values in the middle Input window as shown in the picture, and then press

the RUN button located at the bottom to save the settings.

Check the classified output results below to identify which categories the classified numbers

correspond to.
In 'Postprocessing’, select the file you wish to reclassify under 'Reclassification’.

Click on the + icon on the right side of the 'Values' to add items. Enter the existing classification

values and the new values you want to assign, then press RUN.
Change the colors of each classification value in the attribute's symbol to derive the final result.

Compare the final output with the previously generated .scp file to calculate accuracy and interpret

the results.



[1I-1. Introduction of Satellite Image Process
[11-1.1. Spectral Characteristics

All of the colors on a computer screen, television, or any other display device are comprised of a
combination of red, green, and blue light. These are called the primary colors (Red, Green and
Blue; RGB) (Figure 39) because all colors that we can see are made using these wavelengths of

light.

Green

Figure 26 The three primary colors of RGB Color Model (Red, Green and Blue)
(Source from Presentitude, 2020, Jan. 20)

The reflectance values of different surfaces can be plotted as functions of wavelength called
"spectral response curves" or "spectral signatures”. Differences among the spectral signatures of
landscape features are used to classify remotely sensed regions, since the spectral signatures of

similar features have similar shapes (Figure 40).

high VNIR SWIR TIR
(100 %) snow VIS NIR

Reflectance /
Atmospheric transmission (%)

2

(0 %) 05 1.0 2.0 5.0 10.0
Wavelength (um) (Source: University of Osio)

Figure 27 Reflectances of different surfaces (Source from EUMeTrain, 2014)



[11-1.2. Band Composition

Selecting the appropriate bands to use in the color image on the other hand does have a huge
impact on which features can be seen in a particular image (Figure 41, 42). The list below explains
some of the features of the seven Landsat Thematic Mapper bands and how they are tailored for
detecting different features.

— Band 1 (0.45-0.52 pm, blue): monitor sediment in water, mapping coral reefs, and water

depth

— Band 2 (0.52-0.60 pum, green): monitor green (vegetation)

— Band 3 (0.63-0.69 pm, red): distinguishing between vegetation and soil and in monitoring
vegetation health

— Band 4 (0.76-0.90 um, near infrared): defining the water/land interface

— Uptoband?7

-
o

relative
spectral response

0.5

Figure 28 Band composition (spectum) of satellite image
(Source from Carl von OssietzKky University of Oldenburg and Matt Rackcliff Landsat 5 data, NASA)

Figure 29 Different color mix to detect different features
(a. True color - R: Red, G: Green, B:Blue, b. False color for detecting bare soil - R: SWIR, G: NIR, B:
Green, and c. False color for detecting vegetation - R: NIR, G: Red, B: Green
(Source from Earth imaging journal, 2020, Jan. 20)


https://uol.de/en/

[11-2. Satellite Data Processing for Drought Monitoring
[lI-2.1. Normalized Difference Vegetation Index (NDVI)

NDVI quantifies vegetation by measuring the difference between near-infrared (which
vegetation strongly reflects) and red light (which vegetation absorbs) (Figure 43). NDVI always
ranges from -1 to +1. But there isn’t a distinct boundary for each type of land cover. For example,
when you have negative values, it’s highly likely that it’s water. On the other hand, if you have a

NDVI value close to +1, there’s a high possibility that it's dense green leaves. But when NDVI is

close to zero, there isn’t green leaves and it could even be an urbanized area (Figure 44).

Figure 30 Near-infrared and red light; a. True color - R:Red, G:Green, B:Blue,
and b. Normalized difference vegetation index (Source from GIS Geography)

(NIR - Red)
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Figure 31 Calculating healty vegetation (left), and unhealthy vegetation (right)
(Source from GIS Geography, 2020, Jan. 20)



[11-2.1.1. How derive NDVI with QGIS

STEP 1. Making true and false color images from satellite image (Practice example)

1. Click Layer > Add Layer > Add Raster Layer

1) Open the file name as (./mosaic 13 (... .tif))
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2. Set multiband color to make a true color image (LANDSAT-8)

1) Open Properties > Symbology

& vagnitier| 1004

2| Rotation 00~

3|V Rencer @epscuxs @

2) Select Band 4 as a Red band, Band 3 as a Green band, and Band 2 as a Blue band
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3. Set multiband color to make a false color image

1) Select Band 5 as a Red band, Band 4 as a Green band, and Band 3 as a Blue band




(@ Layer Properties - mosaic_13 — Symbology X
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STEP 2. Producing NDVI using band characteristics (Practice example)

1. Click Processing > Toolbox > Raster analysis > Raster calculator

1) Put
("mosaic_13@5" -"mosaic_13@4") /
("mosaic_13@5" + "mosaic_13@4" ) as an Expression

2) Select Practice BGRNIR [EPSG:4326] as a Reference layer(s), 0.000000 (Set as a
default) as a Cell size, Use Canvas Extent as an Output extent, and EPSG:4326 - WGS
84 as an Output CRS

2. Run and Save as Samoa_NDVI.tif
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3. Check the value of NDVI, which range is -1 to +1, and change the symbology to enhance

vegetation area

1) Select Singleband pseudocolor as a Render type, Linear as an Interpolation, Find

green color as a Color ramp, Quantile as a Mode, and 15 as a Classes

4. Click Apply > OK
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5. Compare between True color and false color images
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