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Preface

Remote sensings an importanttechnologyto support eological studiesin Ethiopia, many
ecological studies are undergoing in research and higher learning institutionsgainal and
national scaleHowever,thetechniques of remote sensing werelerutilized inmanyecological
types of researchesn Ethiopia. We are strongly believed that ecological studia be
improvedonestep aheath Ethiopig if the techniques of remote sensing are applibérefore,
we developed this technical manual to crealik between ecology ancemote sensinglhis
manual aimsto showthe theoretical background and practitmadhnique on the use of satellite

imagey in ecological studies

The manual will havadequateoles forresearchers argtudent in higher learning institutions to
fill up their skill gap on theuse of satellite image analyssQGIS environmentln addition, it is
also our hope that this manual will support researchers and practitioners to apply the concept and

principle of image @ssification on ecological studiead management.

This manuals not intendegdprimarily, to introduce the basic concepts of remote sensnuged,
we started witha brief introduction and background theories of satellite image lasinstorm
The manuals, mainly, focuseson the utilization of remote sengj datafor ecological studies.
Moreover,advanced procedures image classificatiorare included in the manual. Therefore,
the manual isnore understandabfer those who have basic knowledgereiote sensing and

the skill of using remote sensisgftware pacéges.

We ope it will help readers to improve their knowledge and skillthe technique dfatellite

image acquisition, processing agldssification in QGISoftware program



How to use this manual

The firsttwo chapterf this manuabdescribethe theoretical background and ecological remote
sensing. The firsthaptercoversa brief introductiorto the science of remote sensing and GIS
The secondchapter explainghe basictheoreticallesson on the application of remote sensing in
ecological studies. Besides the first two chapters, all the remaining chapters of the manual
illustrate the systematic and practical exercise that shawage classification and processing
usingQGIS

During the practical sectiont is necessaryto install QGIS softwareand Google Erth to
exercisepractically. Even if these software programs are free of charge, it is recommended to
download from the official websites of the provider to avoid the risla afomputervirus.
Practicingthe exercises using sampiemote seriag datais highly recommendedrhus, we
suggestapplication ofthe acquired practical knowleddeom the manuato solve the actual

problems in your specific area of expertise.



1. Brief introduction to GIS and remote sensing

Understanding theprinciples and terminologies in remotensingdata is relevant prior to
satellite image manipulatiorin this chapter, we introduce the basic termeeaiote sensingnd
GIS. It starts from thesimple definition and continues tdescribebasic principles andoncepts
of remote sensingnd related spatial datkinally, the chaptedeak with software prograsof

remote sensing and tkeurces of remote sensing datasticularly satellite imageries.

1.1. Definition of GIS and remote sensing

The acronym GIS stasdior Geographical Information System. There are plenty of definitions
given for GIS and remote sensing. We will use the following-wmediwn definitions of remote
sensing and GIS for this manual. According to EQRbgraphic information system (GIS) is a
computerbased tool for mapping and analyzing things that exist and events that happen on earth.
GIS technology integrates common database operations such as query and statistical analysis

with the unique visualization and geographic analgsisefits oféred by maps.

Remote sensing is defineddsa s ci enc e ( a n drt) bfacqarimgneforneatioh e n t a
about the Earth's surface without actually being in contact with it. This is done by sensing and
recording reflected or emitted energy and processinalyzing, and applying that information.
(Jensen2007).

Our eyes,photo camera, remote control-ray machines, satellites are excellent examples of

remote sensindevice.

1.2.  Principles of remote sensing

In remote sensinghere are different princigs that should be understood before conducting
satellite image processing and classification. Theseiples will be coveedin the subsequent

sections



Radiation, reflection, absorption and transmission

In remote sensing, the incomiegergythat arisesfrom the surandinteractswith earth surface

is calledradiation. When the incoming radiation from the Sun reaches the feature of the Earth,
some of the energy at specifi@velengths can beflected, absorbedand transmitted through

the surface mterial Absorption is a situation whethe incomingradiation (energ) is absorbed

into the surfaceTransmission happensvhenthe incomingradiation passethrough a targeor
surface Reflection occurs wherthe incomingradiation "bounces" off the targend is redirected
back.

Irradiation Reflected
radiation

Absorbed%rodioﬂon
Transmitted
radiation

Figure 1: Different pattern s of radiation

Raster and Vector

In GIS, the wo primary types of spatial models amector and raster. Certainlynderstanding

the difference between the two models is @gersitein performingof any spatial analysis using
GIS. Realworld features are represented by point, lam& polygon ina vector model Vector

data is mostly used to represent features, whictabdarete boundarguch as parcel of lands,
rivers am town. On the other handrids ofa pixel in the raster model represent the features in
thereal world. In this case, &h pixel value ira raster datad.g.satellite imagghas at least a
red, green and blue value. Similarly, each pixeheDigital Elevation Model DEM) represents

a specific elevation valu®athertheraster data moddlasappliedto model eithea discreteor

a continuouselement of the real world. GIS software used different computer formats in the

visualization of raster and viec datamodel ona computersystem (Table )1



Table 1: Possiblelist of computer formats for raster and vector models

Raster format Vector format
1 GeoTIFF T TIFF variant enriched with GIS releval 1 Shapefilei Most popular vector dat
metadata developed by Esri
1 ADRG i ARC DigitizedRaster Graphics 1 KML 7 Keyhole Markup Languaga XML
1 RPFi1 Raster Product Format, military based
1 DRG Digital raster graphic 1 Spatialite 7 is a spatial extension to SQLite,
1 ECRG i Enhanced Compressed ARC Raster Grapl 1 GML i Geography Markup LanguadeOpen
§  Esrigrid 1 ASCII raster formats used by ESRI GIS format used for exchangii@$S data
f IMG i image file format used by ERDAS f GeoJSONi a lightweight format based o
f  MrSID i Multi-Resolution Seamless Image Blaase JSON, used by many open source (
1 JPEG2000i Opensource raster format packages
1 GeoMediai | nt ergraphos I
based format for spatial vector storage
9 Simple Featuresi specification for vector dat
1.3. Characteristics of remote sensig
Pixel size

Raster imagas the most important product of remote sensiligstores information in the

smallest unit of the image called pixels. Usually, pixels (sometimes referrecatoedishavea

rectangulasshape and contamunique color informaon thatcomes togetherto create the entire

raster image. The sizes of these pixels determine the resolution of the image.

Figure 2: An example of raster image with pixel and digital numbers



Digital Number

In a digital image each of the smallesinits of the image (pixel) contain aumeric value

assigned to each individugixel. Thesenumericvalues are known d3igital number(Figure2).

Band or Channel

In remote sensingthe electromagneticspectrum is the continuousinge of electromagnetic
radiation from gamma rays to radio waves. The set of adjacent wavelength with a common
characteristian this electromagnetispectrumare referred to as Band (Channels). For instance,
the wavelength range frof.45¢e m t e nmQ ¢ Brmicrometery standsfor a singlebandin

visible light which represertheblueband inthe Landsat 8 image.

Visible Light

Ultra
Radic Waves Microwaves Infrared — Viclat K-raiys Gamma

T T T T T T T T T T T T T T T
] 30 am F=m dem D3 um 30urn Jam O.3pm  30nm anm D3nen 003 000G

Waovelengths

Figure 3: Electromagnetic spectrum and their range of wavelength.

Spatial, spectral and temporal esolutions

The gatial, spectral and temporal resolutions are the most important characteristics of satellite

images.

Spatial resolution (ground resolution)is the ground surface area captured and creates one pixel
in the satellite image. For instance, spatial resolufad@perational Land Imager (OLI) sensor in

Landsat 8 image is 30 meter.

Spectral resolution is the number and width of spectral bands or range of wavelength in which
the device can sense. The Landsat OLI sensor has eleven spectral bands while Lardsat TM

only seven spectral bands.



Temporal resolution is a measure of frequency by which a sensor revisits the same part of the
Earthdés surface. Trdeyele peredh pf dOpeadtionat leasdolmagdr i(Ghlp
sensor in Landsat 8 image is 16 daysisTneans Landsat sensor recapture the image of specific
part of t heindvaylédagyss surf ace

1.4. GIS and Remote sensinglata and software program

Common satellitegsersors

At the globallevel, different atellitesmay have different missionst tan be launched with a
mission tomonitor and forecast environmentabnagement such ageather condition (GOES,
NOAA and AVHRR), land observation (Landsat, SPOT, Sentinel and),IR@rin and ocean
observationgNimbus7 satellite, MOS, SeaWiFS). Thereealso other sensors such as FLIR,
RADAR and LiDAR for broader application of environmental monitoring and forecasting.
Several specific characteristics ofrequently usedsensors (primarily satellite systems)

differentecologicalstudy and managemearte presentenh Table 2

Table 2: Characteristics of frequently used sensors/satellites

Number of Spatial Cycle period
Sensor/ Satellite | spectral bands | Resolution (temporal resolution)
GOES 5 1-41 km Geostationary
NOAA /AVHRR |5 1.1 km 1 day repeat cycle
Landsat TM 7 30 m 16 dayrepeat cycle
Landsat OLI 11 30 m 16 dayrepeat cycle
MODIS Multi-spectral | 250-1000m lday repeat cycle
IKONOS 4 4m 5 day repeat cycle
Sentinef2 13 10-60 m 15-30 day repeat cycle
SPOT 7 5 2.2-8.8m 1-5 days repeat cycle

Open sources ofgeospatialdata

Geospatialdata are more deficientto conduct environmental studieSome of theselata are
more expensive and difficult to afford by developing counttike Ethiopia Particularly,
purchasinghigh and mediumresolution satellite images amot easy for researchers and
practitioners. Therefore, the possible solution is searching fealjable gecspatialdatafrom
theinternet In orderto reduce this gapseveralinstitutions are providing dérentfree GIS and

remote sensing data at global and regional scaMs.indicated limited sources of open

5



gecspatialdata providers irtable 3for the purpose of this manual, but the reader can explore

further to get more providers.

The freegecspatialdata are important to minimize cost. However, tragsmhavea limitation on
the levelof spectral and spatial resolutiohhis limitationhassignificantly reducel the accuracy
of anyanalysis results from free satellite images.

Table 3: Possible ist of opensources ofgecspatial data

Organization/Provider Type of the data URL
Country levelraster and vector
DIVA-GIS data http://www.divaqis.org/gdata
Raster data usuallyandsa
USGS satellite images https://earthexplorer.usgs.goy
Worldclim-Global Climate
Data Climate raster data http://www.worldclim.org/
https://hub.arcgis.com/pages/
ESRI Country vector data pendata

National, sub regional, regional
and statistics or as geospatial
UNEP data sets (maps) http://geodata.qgrid.unep.ch/#
Global Land CoveFacility | Global scale land cover data | http://landcover.org/

ISRIC Soil Grid
Information Soil raster data http://www.soilgrids.org

QGIS and remote sensing

QGIS isan open sourcesIS software facility forgespatial data manipulationanalysisand
mapping.lt is very powerful GIS software, whickenablesus to conduct spatial analysis. The
software has manyplatforms for domainspecific analysis, and is highly applicable for
environmentalanalysissuch as ecological andydrological modeling, mapping of ecosystem
services and risk of forest fir€ompared with other GIS softwar&@GISprovidesthe following

benefits

Freeand open source
Efficient andeffective data handling and storage facility,
Powerfulgraphics for presentation

Very simpleGraphical User Interfac&Ul)

= =4 4 A -2

Rapidresponse by developing aimdegrating demand driven Ggwocessingtools
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2. Introduction to ecological studies using remote sensing

In the previous chaptey we discussed the princigl@nd terminlogies related toemote sensing

This chapter presents the idea ewfologicalremote sensingwhich integrate the science of
remote sensing witkcolog. The basis othe relationship between remote sensing and ecology
will be described. Thehapter beigs with the simpledefinitions of ecology and remote sensing,

and givesemphasis on the study of ecological remote sensing. Here, several categories of

ecological remote sensing and techniques of its applicatefriefly illustrated.

2.1. Definitions of ecology and ecological remote sensing

The definition of € o | o gthe sdiestificfstudy of the interaction$ organismsetweeneach
otherand their environmédn (Begonet al, 1990. Ecological studiesre essentiab understand,
describe, predicand monitor the relationshipf living organisms with their surrounding

environment.

Several data collection approaches are implemented in generating ecological information.
Ground survey andemote sensing data collection methods are the two apgdnoachs to
investigate the ecologicalteraction Althoughthe exactground surveys requiral in gettingof
accurateresults,it is more labor and timeintensivecompared to emote sensing approach in
different ecological studies. Thua, remote sensing techiogy has becomen important
mechanismto generatemore ecological information with low cost and laborParticularly,
satellite remote sensing is constructategeneratig consistent observatiaf ecologicalchangs

ranging from local to global scale

Therefore, the term ecological remote sensingsisd to represenhe study of ecology, which
involves remote sensing technologihere are different areas ttie ecosystem that can be
supported by remote sensing such as modeling of species distribygeriess movement,
ecosystem process, climate change, protected areas, ecosgsteres,and land use change
(Robertet al, 2015).

However, adivergencebetween ecology and remote sensing technologet®minga major
challenge For this reasonremote ensing specialists focused on the basic science of remote

sensing irthe generation of advanced technologies, rather than implementing the technologies in

7



ecological studies. Ecologsst then again, aredoing their ecological researches and
developments usg very conventional way in the presence of advanced remote sensing
approaches, whictcould assist ecological studieshus, remote s®sing technologies are
underutilizedwithin many ecological communitieS.urner et al (2015) listed data continuity,
dataaffordability, and data accesses as the major factor to the under utility of remote sensing
data such as satellite data within ecolodistorder to createpportunities for the advancement

of both discipline (emotesensing and ecology), promotiag interdisciplinary efforis needed
among these communiti€Bettorelliet al, 2014).

2.2. Areas of ecological remotes sensing

Ecological remote sensing is not only the study of Jamwker classificatioras manyecologists
judge but also it ismanifold Turne et al (2003) categorizepproaches of ecological remote
sensing study into two broad categorigsth categoriesvill be discussed below

1 Direct approach involves an observationof vegetation categories and even animal
populations in the ecosystem frammotely sensed imagasuch aghe application of high
spatial resolution and hyperspectral sensors.

1 Indirect approach involves the derivation of several environmental parameters from

remotely sensed images as proxieghiercological process.

Then agm, Kerr and Ostrovsky (2003)lassify theareas of ecological remote sensintp the

following threeclassifications

1 Land cover classification this class of ecological remote sensing useful in the
identification ofseveralvegetation types and deation of habitatsit enables to model the
distribution of individual species afut sets of speciassing remote sensing techniqum&r
alarge area

1 Integrated ecosystemmeasurement this class of ecological remote sensing t&ath
measurement ands@mation of several ecosystem functions at different spatial extent.
Derivation of a biophysical parameter such &saf Area Index (LAI) and Net Primary
Productivity (NPP) using Normalized Difference Vegetatiomelx (NDVI) is the best

example of this edogical remote sensing class.



1 Change detection this class of ecological remote sensisgnportant to monitor ecological
changes through time such as temporal change of climate and habitat losstuSyateeds

acquistion of continues satellite inge over time and significant area.

This manual mainly dealsvith the first class of ecological remote sensing (Land cover
classification).We prioritize land cover classification in this manual due to the considerable
recent interest in this regard. ldacover datas used as the main source of other ecological
remote sensing studies. Many ecological studies such as ecosystem service mapping, habitat
mapping, and inventory and monitoring of forest and its carbon dynaanetsighly dependent

on land coer classification data.

2.3. Spatial scale in ecological remote sensing

The spatiakcalesat whichecological phenomena are studied thiimportantcharacteristis to
determine the quality aécological dataThe detail of spatial scale @ influential factor inthe
generation of ecological remote sensing data. For instance, if using datentitiple sensors
(assuming that they have different spatial detail), the resulting ecological information will differ.
In ecological stuees the imagery of fine esolution iscrucial over coarseresolution imageryo

generatexccurate ecologicahformation througtdetection oksmallobjects(Alpin, 2005).

Currently, several satellite images aneailableto study ecological phenomenon atlifferent
scale rangingrom landscape level to specitsvel. Wang et al (2010) attemped to list the
following remote sensing instruments/imagasegorieswhich have differentspatialscales and
can be applied in severatological remote sensing

9 Coarse spatial resolution

Coarse spatial resolution images have hegrlementedn several ecologicahvestigationsat a
national or global scaléAll images that have a spatial resolution more than 30m are included
underthe coarse resolutiorMODIS and NOAA /AVHRR are the twomportant coarse space
born images. At thdandscape level, coarse resolution images are importargstimate
deforestation and forest fragmentation in global ecological biomes. In addition, it is important to

study the current and model the future gloal climatic conditios.



1 Medium spatial resolution

This category of spatial resolution involves a medium resolution detail to study ecological
phenomenarThis category of remote sensing instrunnproduced an image, which haspatial
resolution rangig from 10m to 30mLandsat, SPOT HRV and Sentinelimagesarethe most
popular instument in this category, which avsed inan ecological applicationln most cases,
satellite images from this category used to study ecologlyedandscape (i.e.tdarger) scale.

For instance,dnd cover change at landscape scale is the most popular ecological study using
these instruments. It is applicable, however, to stpagissspecific ecological studig® some

extent.Thus, it can produce accurate resinttheidentification ofdifferent species
1 High-spatial resolution

Since the level oaccuracyfrom coarse andnediumresolution imagesire getting insufficient
for most speciespecific ecological investigation, the new generation of high spatiautesol
has emergedlhe hgh spatial resolution containgry fine resolution pixelswhich can identify
very small objectaind organiss on the Brth. The satellite images under this categoayd
resolution ranges from 0.5m 10m. hstruments such aSPOT-5, IKONOS, QuickBird,
OrbView-3 can produce high spatial resolution imageha commercial domain. The special
benefit of this category ithe ecological study ishe identification and characterization of small
objects and species the ecological sysgm. As a result, it provideaccuratedata, whichenable
to describaletail ecological phenomena

1 LiDAR

Light Detection andRanging LIDAR) is an active remote sensingchnology that uses a laser
technologyto illuminate a target object and a phatwak to register the backscatter radiatithn.
enables tgrovidea high spatial resolution image lobrizontal and vertical informatiofi.im et
al, 2003). LIDAR is an important laser technology tenhancethe accuracy of different
ecological researchebor instanceLiDAR technology isappliedin bathymetry,forestry and
biodiversity science and conservation. In particulampravides better spatial information in
forestry sciencéo produce information oforeststructure species distributioand aboveyround

biomass.
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In general, althe abovecategories opatial resolutionare applied in ecological studids this
manual, however, we will focus on the medium resolution images. AlthbilkR hashigh
spatial resolutionit hasa limitation of hidn cost, which is difficult to afford by developing
countries like EthiopiaTherefore,the medium resolution is important to optimize the tradeoff
betweerthelevel of accuracy and the amount of cost.

2.4. Techniques in ecological remote sensing

There are everal techniques of remote sensinghiainvestigation ofthe ecological procesdn

practice, these techniques can be incorporated to achieve a single objective. For instance, in
order to produce a single land cover maghaf specific area, we cacomhne the techniques

image classification and vegetatiomdex Wanget al (2010) selected the five remote sensing

techniques intheecological study as discussed below.

1 Image Classification

Image classificationis a remote sensingechniquethat consiss of the process ofssigning
different types of land uses (e.g. forestland, grassland, farmland and settlement) into each raster
pixel. It is an importanttechniqueto extract lanetcover and biophysical information directly

from remotely sensed datdefiseret al, 2009.

1 Vegetation Index

Vegetation index isan important remote sensing technique in ecological studitess
dimensiotess radiometric relative abundance and activity of gresgetation, including leaf

area index (Rl), percentage green covehlorophyll contentand greerbiomass It is important

in enhanmg sensitivity to biophysical parameters, normalizing or modeling external effects,
normalizing internal effects, and assisting validation effort and quality control (Jehssn

2007). Vegetation index is used as supplement approach in image classification and change

detection.
1 Inversion Algorithms

In remote sensing, arious modks are developed to characteriEgarth environmentdby

explaining statistical relationshipbetweensensorproperties and ecologicarocess Inversion

11



algorithms are the core tifeinverse model, which mostly follow the physical laws and establish
causeandeffect relationships between sensor property as an input and biophysical property as
an output. For exampt, G.ieilledent et al (2016) develod a map of forest carbon in
Madagasca(R? = 70% andRMSE = 40 Mg hd) usinga combination ofpatial bioclimatic
envelopesand grounebased forest inventoryrherefore, this algorithm ignimportanttechnique

in mary ecological investigationsuch as ecosystem service, species distribution model and

habitat mapping
91 Data Fusion

Since differentsatellitesimagesvary in theirspatial and temporal resolution, it is important to

fuse them together to produce a singheage with better spatial and temporal resolutidhe
technique of data fusion iIis defined as fAthe ¢
new i mage by wusing a certain algorithmo (Pohl
applied widéy in plenty of ecological studies asapping forest disturbance through fusing

Landsat and MODIS images (Hilket al, 2009).

1 Integration of Remote Sensing and GIS

Notably, remote sensing and GIS are excellent tools in studying several ecologicat@saoe

an easy wayAlthough thesedisciplinesare separate, they are frequently combined in practice.
Through corbining remote sensing data with GIS data (vector JJ@@veral ecologicattudies

can be conductedn watershednanagementfor example,integrationof the twodisciplinesis

applied indeveloping sustainable development plarthat watershed scaléChowdaryet al,

2009) Further ecological research and development can be supported through remote sensing
and GIS technology.

However,not all the aforementioned techniques of ecological remote sensingisaessed in
this manual. We attempt to discuss in the mapun§} the technique of image classification and

vegetation index in QGIS software program.

12



3.  Satellite image acquisition and pe-processing

In the previous chaptes, we have been looking brief introduction toremote sensingnd
concepts of ecological remote sensing at theoretical b&k®s, we will start the practical

sectionthat wil focus onimage acquisition and othenage preprocessing activities.

3.1. Satellite image acquisition

The first step of imagereprocessings obtainingof a satelliteimage from data providers.or
the purposeof this manualwe will demorstrate downloading procedun# the free Landsat
imageas a exampldrom the USGS databaséitps://earthexplorer.usgs.gpuPlease follow the

following procedure to cure satellite image from theeksite.

1. Firstt create your own wuser account on the fEarthExplored website

(http://earthexplorer.usgs.gowyd i ¢ k o n ,dhdRrenfiil cutthke required forms.

USGS Home
Contact USGS

; Search USGS
science for a changing world

EarthExplorer Page Expires In1:58:25 ¢

Home Logml Registerl f MLl Feedback Help
ez k| Data Sets Search Criteria Summary (Show) Clear Criteria
1. Enter Search Criteria '" R

Map Satell (04°18'09"N,024°47 06"E) Options Overlays

To narrow your search area: type in an address or place
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

Path/Row Feature

<

Predefined Area

2. Once you registeredlick on fALogi no and yolrewn ussnamenand n

password.

13
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Sign In

sign in with your existing USGS reqgistered username and password

Registered USGS Usemame

Registered USGS Password

forgot password?

3. Delineate yourArea of Interest(AOI) by clicking on the map window (right side of the
interfacq.

EarthExplorer Page Expires In 1:50:05

‘ Home

Login Register EYEJ Feedback Hi

Search Criteria_ |l R Search Criteria Summary (Show) Clear Criteri
1. Enter Search Criteria ——

: = Map Satell (07°10°18"N,039° 54 47"E) Options Overlays
To narrow your search area: type in an address or place G v
name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

patniRow | Feature

1. Lat 08 08' 22" N, Lon: 039° 06' 16" E 2
2. Lat: 08° 08' 26" N, Lon: 039° 43' 30" E R
3. Lat: 07° 28' 26" N, Lon: 039° 43' 50" E /R
4. Lat: 07° 28' 26" N, Lon: 039° 06' 35" E /R

"Use Map | Add Coordinate | Ciear Coordinates

Clear Coordinates j§

4. Then, setyour additional searchingriteria for the image beforthe downloading process
started For instancechoosethe appropriateémagecapturing seasore(g.dry seasoror wet

seasoh andthe quality of images €.g.free froma cloud) In most cases, these parameters
depend on the objectives of your study.
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5. Then, c Datacséd8 obnutft on t o choose t hisadifferpr¢é o f S

possible listof satellites in the data set. For nov

fiLandsat collection1Level 6. Then, c fiLandskt8 OLHTERS € Ltevelo. n

I Home

Search Criteria Additional Criteria || Results

2. Select Your Data Set(s) "
Check the boxes for the data set(s) you want to search.
When done selecting data set(s), click the Additional /

Criteria or Results buttons below. Click the plus sign
next to the category name to show a list of data sets.

Search Criteria Summary (Show)

’ | Use Data Set Prefilter (whst's This?) ‘

‘ Data Set Search: | ‘

I DIgIEr Line Grapns
[#Digital Maps [J
#E01
[ Global Fiducials
FH-HCMM
#1SERV
-Land Cover
E-Landsat [J
Landsat Analysis Ready Data (ARD)
Landsat Collection 1 Level-2 (On-Demand) [
[=-Landsat Collection 1 Level-1
¥/ @ [¥] Landsat 8 OLUTIRS C1 Level-1

| @ [¥] Landsat 7 ETM+ C1 Level-1

| @ [¥] Landsat 4-5 TM C1 Level-1
Landsat Pre-Collection Level-1
Landsat Legacy
[*'NASA LPDAAC Collections

6. Cl i c k o n tabtRfimcsthelresudt of your search.

7. Now, there are lists opossiblesearch resulten the left side of the interface. Heeach

satelliteimages has its own IDdate of aquisition number ofpathandrow.

Data Set Click here to export your results » (4"
Landsat 8 OLI/TIRS C1 Level-1 v
TT- 2001 100w

ID:LC08_L1GT_003015_20170207_20170216_01_T2
Acquisition Date:07-FEB-17
Path:3

Row:15

PddULTO

ID:LC08_L1GT_003014_20170207_20170216_01_T2
Acquisition Date:07-FEB-17
Path:3

Row:14

YddZLTO

<

EEEN

ID:LCO08_L1TP_156019_20170207_20170216_01_T1
Acquisition Date:07-FEB-17
Path:156

Row:19

PddULHO

ID:LCO8_L1TP_156020_20170207_20170216_01_T2
Acquisition Date:07-FEB-17
Path:156

Row:20

PddULTO

=

ID:LC08_L1GT_156118_20170207_20170216_01_T2
Acquisition Date:07-FEB-17

Nathes
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8. Downloadthe selected imagdey click onthedownload buttorunderthe selected image

ID:LCO8_LATP_167054_20180207_20180221_01_T1
Acquisition Date:07-FEB-18

Path: 167

Row:54

Yodd st 8aWO

9. Then, € | e c tLeveth @eoTiiFF Data Produat from the list of downloadng options

dialog box

.......

LandsatLook Natural Color Image (7.2 MB)
LandsatLook Thermal Image (3.8 MB)

LandsatLook Quality Image (351.9 K8)
LandsatLook Images with Geographic Reference (11.3 MB)

Level-1 GeoTIFF Data Product (920.7 ME)

After downloading is completed, we will find a zipped file containgeyeralbands of the
image.Then, unzip the downloaddtiar.ga file. The file name of the downloaded fles very
long, and itcontairs informationabout thedownloadedmage(Figure 4) Now, the data is ready

for processing.

Landsat Ground
Network Number

Landsat8 Path Row  Year Julian Day

Band Number

Figure 4: The information contained in the file name of the downloaded satellite image
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3.2. Satellite image preprocessing

After the image isprocured,various rasterimage processingvill be conduceéd to make
imageies readyfor interpretation ath classification. This process calledimagepreprocessing.
It is needed to enhance the quality and visibility aofaster image. The nsb important

preprocessing activitiesith their practi@l procedue will be discusseth this subchapter

Georeferencing

Sometimes, raw satellittmages may not well align into the known coordinate system.
Therefore, itheeds tobe georeferened Georeferencing is one ofthe imagepreprocessing
activities by whichaligning of any geographic data (satellite imageannedapermap, aerial
photographsetc)to a known coordinatesystemis carried out There is a possibility toarry out
this process in QGIS software

1. First, click on start button and open @&desktop(Refer to the QGIS installation manual for
successful installation of QGIS).

2. Add thegeographicallyreferencede.g. vector maplandunreferencede.g.scanned image)
imagesinto the openedGIS desktoplLet us say the scanned paper nsgpwn onthe left
side of Figure 5is not geereferenced whilethe image found on the right side gec
referencedThen, you will conduct geoeferencing by aligning the unreferenced image ato

referencedmage.

W i 4
ETHIOPIA - Red e

e D L R Eaerte
e et Y 4 e b A
ot 3 B
e Wb § -

- e
——————— rols
10 e @ bk e 1

ASDS ADADA e e SRR

[T Eehiapian & Hiagklonas L e
. G e "’\w I = el —‘.“_,._

e 4 o

Figure 5: unreferenced scanned image (left) and referenced digital image (right)
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3. Then,click on fARast er 0 offQGIS desktop. &k oné¢hafu G ebeferenced

from the list ancchoosel Geroef er encer 0 agai n.

EBRLR
/BB

¥ Layers .. Browser P...

xdn|  2045393,1318005 | Scale1:21,338,55 v @ ¥ 100% o a3t 0.0 S M Render @ersaiaeazionT) @

4. Now, t he @ Geor eadppearse This indow hasitwodparts. The top part is
where the raster will be displayed and the bottom section where the table of ground control

pointswill bedisplayedf you have.

/! Georeferencer | o | = Eﬁ-

File Edit View Settings

> G136 @ e U@ P e

GCP tzble

| Transform: Mot zet || 370,-59 || EPSG: | 4
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5. Add theraster(scanned map) io the abovevindowbyc | i cki ng on AAdd r ast
upper pat of the window. Thenthe Coordinate Reference System (CRS) window is opened.

Setyour coordinate system in this window and

-
/. Coordinate Reference System Selector m

Specify CRS for layer Raster

Filter
Recently used coordinate reference systems |
Coordinate Reference System Authority ID
Adindan / UTM zone 36N EP5G:20136
Africa_Lambert_Conformal_Conic EPSG:102024
W35 84 / UTM zone 36N EP5G:32636
WG5S 84 / UTM zone 3TN EP5G:32637
|1+
Coordinate reference systems of the world Hide deprecated CRSs
|Coordinate Reference System Authority ID [:]
WGS 84 f UTM zone 35N EP5G:32635
WGS B4/ UTM zone 355 EP5G:32735
WiG5 84 / UTM zone 36N EP5G:32636
[ | ()

Selected CRS: WS 84/ UTM zone 37N

+proj=utm +zone=37 +datum=WGS84 +units=m +no_defs

o

6. The scannedtopographicmap is displayedon the upper section ofhe Georeferencer

~
window.Cl i ck om t‘ idoth from the Georeferencer window amlda referenced
point
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P ==
./ Georeferencer - Capture22.PNG

File Edit View Settings

= 3' b \’
'g > L& %8 B

ETHIOPIA /

3 e e v
| Ll =4 Ty Covbosbel - 0

ADDIE ABADA

y Jud  laew
~Uter y = .
r, Gesbad e seadinn 0

: 3 W
Py GUbs o g | 3
- -
Arca taves Dia

B Gakel

Vs Vel o W ve | The e e T
el ion

u ¥
How o]
eyl

wi

‘,‘. z ,"'““ Ethiopion o Hig

b AmE-

Bty
Gae

T
LU

L Mrgped Py

e

b Hee
Rt Tone

hilands ¥
Deage

5 ade

o

Avest”
T T -
Cganen Desert 7~
oy

Narobw " reshe

coe 7

&X)

form: Linear Translation (0, 0) Scale (3.71145e-214, 3.71861e-268) Rotat | 78,-19  [[v]

7. At this time, the topographic map is ready for @eferencing. Therefore start clickingone

cornerfrom the topgr ap hi c

ma p ,

t hen

AENt er

this time, you have options ber writing X Y (North/East)coordinateof that specific point

or clicking fromthe map.For now, let uschoose the secoraption andc | i ¢ k
e foimteofthe referencecihkap at dtepoga@hicmap.

canvas?o butt

on.

on

Now, you can see themptyX, Y boxesare filled with values. These values are kn@six,

Y coordinats of the topographic mapgN o w,

cl

¢ k he dottoni I8dfian . of thie

window comprise a table which contairs the X Y coordinates and other statistical

parameters regarding the referencing.
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8. Now, we geereferenced the topographic maply for a single point. Similarly, back to
the Ge or e fwindoatn c& m d  gdfeeencingtogreaie more reference pointst
least fourGround Contol Points (GCPstovering the entire imagare neededThe more
points you have, the more yoweoreferencingis accurateand aligned to the target
coordinate.

9. Once you finished, and have enough GCPE€I| i c k on ASettingso
fiGeoreferencewindowo and choos¢he fiTransformation settings.

10. FromtheA Tr ansf or mat i o n sesteettransforrgation ypeal og b o x,

Here, pease not¢hatthe Thin Plate Spline(TPS) algorithm is a more modeand wiely used
technique ofgecreferencing. Thigs important and applied whewery low-quality maps are
beingprocessedOther types of transformations also have their aniqueness

11. Once you set the transformation type, insert yanget SRS and output directory. Finally
checktheboxil oad i n Q&IoS edhheeonk,di® Ok O .
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